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PREFACE. 


In  the  preparation  of  this  book  the  author  has  endeavored  to 
in  mind  two  guiding  principles:  firsts  the  importance  of 
nplicity  and  lucidity  in  the  presentation  of  facta  and  theories; 
second,  the  need  of  a  judicious  limitation  of  the  material 
In  regard  to  the  second  point  every  specialist  is  aware 
the  bewildering  number  of  researches  that  have  been  and  are 
published  in  physiology  and  the  closely  related  sciences,  and 
difficulty  of  justly  estimating  the  value  of  conllictmg  results. 
He  who  seeks  for  the  truth  in  any  matter  under  discussion  is  often- 
tlinkes  forced  to  be  satisfied  with  a  suspension  of  judgment,  and 
writer  who  attempts  to  formulate  our  present  knowledge 
upon  almost  any  part  of  the  subject  is  in  many  instances  obliged 
to  present  the  literature  as  it  exists  and  let  the  reader  make  his 
deductions.  This  latter  method  is  doubtless  the  most  satis- 
Swdory  and  the  most  suitable  for  large  treatises  prepared  for  the 
of  the  specialist  or  advanced  student,  but  for  beginners  it  is 
lutely  necessar)'  to  follow  a  different  plan.  The  amount  of 
ftlerial  and  the  discussion  of  details  of  controversies  must  be 
;ht  within  reasonable  limits.  The  author  must  assume  the 
ability  of  sifting  the  evidence  and  emphasizing  those  con- 
that  seem  to  be  most  justified  by  experiment  and  obser- 
liiion.  As  far  as  material  is  concerned,  it  is  evident  that  the 
tion  of  what  to  give  and  what  to  omit  is  a  matter  of  judg- 
at  and  experience  upon  the  part  of  the  writer,  but  the  present 
>r  is  convinced  that  the  necessary  reduction  in  material 
Jd  be  made  by  a  process  of  elimination  rather  thim  by  con- 
tion.  The  latter  method  is  suitable  for  the  specialist  with 
^his  bftckground  of  knowledge  and  experience,  but  it  is  entirely 
unfitted  for  the  elementary  student.  For  the  purpases  of  the 
^ttcr  brief,  comprehensive  statements  are  oftentimes  misleading, 
fail  at  least  to  make  a  clear  impression.  Those  subjects  that 
are  presented  to  him  must  be  given  with  a  certain  degree  of  full- 
tf  he  is  expected  to  obtain  a  8er\'iceable  conception  of  the 
i»  and  it  follows  that  a  treatment  of  the  wide  subject  of  physi- 
iloiy  IS  possible,  when  undertaken  with  this  intention,  only  by 
adoption  of  a  system  of  selection  and  elimination. 
The  fundamental  facts  of  phvsiolog}',  its  principles  and  modes 
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of  reasoning  are  not  difficult  to  understand.  The  obstacle  that 
is  most  frequently  encountered  by  the  student  lies  in  the  com- 
plexity of  the  subject, —  the  large  number  of  more  or  less  dis- 
connected facts  and  theories  whicli  must  be  considered  in  a  dis- 
cussion of  the  structure,  physics,  and  chemistrj'  of  such  an  intri- 
cate organism  as  the  human  botly.  But  once  a  selection  has  been 
made  of  those  fact-s  and  principles  which  it  is  most  desirable  that 
the  student  should  know,  there  is  no  intrinsic  difficulty  to  prevent 
them  from  being  stated  so  clearly  that  they  may  be  comprehended 
by  anyone  who  possesses  an  elementary  knowledge  of  anatomy, 
physics,  and  chemistrj'.  It  is  doubtless  the  art  of  presentation 
that  makes  a  text-book  successful  or  unsuccessful.  It  must  be 
admitted,  however,  that  certain  parts  of  physiology,  at  this  par- 
ticular p)eriod  in  its  development,  offer  ix'culiar  difhcultics  to  the 
writers  of  text-books.  During  recent  years  chemical  work  in  the 
fields  of  digestion  and  nutrition  has  l>een  xery  full,  and  as  a  result 
theories  hitherto  generally  accepted  have  been  subjected  to  crit- 
icism and  alteration,  particularly-  as  the  important  advances 
in  theoretical  fbemistn-  and  physics  have  greatly  modified  the 
attitude  and  ix)int  of  view  of  the  investigators  in  physiology. 
Some  former  views  have  I>een  unsettled  and  much  information 
has  been  coUectetl  which  at  present  it  is  difficult  to  formulate  and 
apply  to  the  explanation  of  the  normal  processes  of  the  animal 
botly.  It  would  seem  that  in  some  of  the  funthuuental  problems 
of  metabolism  physiological  investigation  has  pushed  it-s  experi- 
mental results  to  a  po'mt  at  which,  for  further  progress,  a  deeper 
knowledge  of  the  chemistn'  of  the  b(xiy  is  especially  needed.  Cer- 
tainly the  amount  of  work  of  a  chemical  character  that  bears  di- 
rectly or  indirectly  on  the  prolilems  of  physiology  has  shown  a  re- 
markable increase  within  the  last  decade.  Amid  the  confiicting 
Jesuits  of  this  literature  it  is  difficult  or  impos^sible  to  follow  always 
the  true  trend  of  development.  The  best  that  the  text-book  can 
hope  to  accomplish  in  such  cases  is  to  give  as  clear  a  picture 
as  jwssible  of  the  tendencies  of  the  time. 

Some  critics  have  contended  that  only  those  facts  or  conclu- 
sions about  which  there  is  no  difference  of  opinion  should  be  pre- 
sented t^  medical  students.  Those  who  are  acquainted  with 
the  subject,  however,  understand  that  lx>oks  written  from  this 
standpoint  contain  much  that  represents  the  uncertain  compromises 
of  past  generations,  and  that  the  need  of  revision  is  felt  as  fre- 
quently for  such  books  as  for  those  constructed  on  more  lilx^ral 
principles.  There  does  not  seem  to  be  any  sound  reason  why  a 
text-book  for  medical  students  should  aim  to  pre.sent  only  those 
conclusions  that  have  cr>'stallized  out  of  the  controversies  of  other 
times,  and  ignore  entirely  the  live  issues  of  the  day  which  are 
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of  to  much  interest  and  importanre  not  only  to  physiology,  but 
tn  all  branches  of  medicine.  With  this  idea  in  mind  the  author 
has  endcjivored  to  make  the  student  reaUze  that  physiolog>'  is  a 
UTOwmi?  subject,  continually  widening  its  knowledge  and  read- 
Jtt^'  -    theories.     It   is   important   that    the   student   should 

gr»-.  ■  '■onception,  because,  in  the  first  place,  it  is  true;  and, 
in  the  «N^ond  place,  it  may  save  hlra  later  from  disappointment 
in  science  if  he  recoRnizes  that  many  of  our  conclu- 
rnot  the  final  truth,  !>ut  provisional  only,  representing 
that  '"an  l>e  done  ^\ith  the  knowledge  at  our  command. 
To  emphasize  this  fact  as  well  as  to  add  somewhat  to  tlie  interest 
of  the  rewler  short  historical  ri&urrU'S  have  been  introduced  from 
time  to  time,  although  tiie  question  of  space  alone,  not  to  men- 
tion other  considerations,  has  prevented  any  extensive  use  of  such 
m&tcrial.  It  is  a  feature,  however,  that  a  teacher  miy:ht  develop 
with  profit.  Some  knowledge  of  the  gradual  evolution  of  our 
pr«9^nt  beliefs  is  useful  in  demonstrating  'he  enrluring  value  of 
€X!-  ^al  work  as  compared  with  mere  theorizing,  and  also  in 

en.  i:  a  certain   appreciation    and    respect    for  knowlwlge 

that  h&s  been  gained  so  slowly  by  the  exertions  of  successive 
gvoerationfl  of  able  investi^iitors. 

A  word  inay  be  said  regarding  the  references  to  literature 
in  the  hook.  It  is  perfectly  obvious  that  a  complete 
f^ximately  complete  liibliography  is  neither  appropriate 
nor  useful,  however  agreeable  it  may  l)e  to  gi%'e  ever}'  worker  full 
tvcognition  of  the  results  of  his  labors.  But  for  the  sake  of  those 
who  may  for  any  reasrin  ^\nsh  to  follow  any  particular  subject 
iDore  in  detail  some  references  have  l>€?en  given,  and  these  have 
been  aelccted  usually  with  the  idea  of  citing  those  works  which 
themwlves  contain  a  more  or  less  extensive  discussion  and  iitera- 
ttnr.  Occasionally  also  references  have  l>een  made  to  works  of 
Ustnrical  importance  or  to  sepunitc  pa|x;rs  that  contain  the  experi- 
mentaJ  evidence  for  some  special  view. 
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PHYSIOLOGY. 


SECTION  I. 
THE  PHYSIOLOGY  OF  MUSCLE  AND  NERVE 


CHAPTER  I. 
THE  PHENOHENON  OF  CONTRACTION. 

The  tissues  in  the  mammalian  body  in  which  the  property  of 
contractility  has  been  developed  to  a  notable  extent  are  the  mus- 
cular and  the  ciliated  epithelial  cells.  The  functional  value  of  the 
muscles  and  the  cilia  to  the  body  as  an  organism  depends,  in  fact, 
upon  the  special  development  of  this  property.  The  muscular 
tissues  of  the  body  fall  into  three  large  groups,  considered  from 
either  a  histological  or  a  fimctional  standpoint, — namely ,  the  striated 
skeletal  muscle,  the  striated  cardiac  muscle,  and  the  plain  muscle. 
These  tissues  exhibit  certain  marked  differences  in  properties  which 
are  described  farther  on.  In  each  group,  moreover,  there  are 
certain  minor  differences  in  structure  which  are  associated  with 
differences  in  properties;  thus,  skeletal  muscle  from  different  re- 
gions of  the  same  animal  may  show  variations  in  properties, — for 
instance,  in  the  rapidity  of  contraction;  and  similar,  perhaps  more 
marked  differences  are  obser\'ed  in  the  plain  muscular  tissue  of 
various  organs.  The  muscular  tissues  from  animals  l^elonging  to 
different  classes  exhibit  naturally  even  wider  variations  in  proper- 
ties, and  these  differences  in  some  cases  are  not  associated  with 
visible  variations  in  structure. 
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THE  FHYSIQLOGr  m  SKELETAL  HUSCLE  TISSUE. 

TLie  tkgue  makes  up  the  essential  part  of  the  skeletal  muscles  by 
sz^AXHi  of  which  our  voluntan'  movements  are  effected.  Each  muscle 
£i^ir  ana^  from  a  single  cell  and  in  its  fuUy  developed  condition 
may  be  re^garded  as  a  multinuclear  giant  cell.  It  is  inclosed  entirely 
in  a  thin,  structureless,  elastic  membrane,  the  sarcolemma.  The 
ttjaUeml  of  the  fiber  is  supposed  to  be  semifluid  or  \-iscous  when 
in  the  living  condition;  it  Ls  designated  in  general  as  the  muscle 
I^a«ma* 

There  is  on  record  an  interesting  obeervfttion  bv  Kuhne*  which  aeems 
to  demonstrate  the  fluid  nature  of  the  filing  muscle  substance.  He  hxo- 
pened,  on  one  occasion,  to  find  a  frog's  musck  fiber  containing  a  nematoae 
wonn  within  the  sarcolemma.  The  animal  swam  readilr  from  one  end  of 
the  fiber  to  the  other,  pushing  aside  the  cross  bands,  which  fell  into  {^aoe 
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y'lM.    1,— A    rrtiHM-f«ction     of    muscle  Fig.   2. — Cross-set^tion  of   two  musde 

fiber  m  rabbit.     The  bundlcR  of  fibrils  are  fibers   of    the    fly:    Ma,   The   eoSumos   of 

'iiu-k;    the   int«rveniiiK    nnftll    amount    of  fibrils;     Sp,    the    aarcoplasm. — (ScAieffcr- 

narofplaMii    is    represeoted    by   the    clear  decker.) 
rfmatK.—iKoUiker.) 

a«eain  after  the  animal  had  passed.  At  one  end,  where  the  fiber  had  been 
injured,  the  worm  was  unable  to  force  its  wav.  The  muscle  substance  at 
this  fx>int  was  dead  and  apparently  had  passed  into  a  solid  condition.  The 
fact  that  the  cross  hands  were  displaced  only  temporarily  by  the  movement 
and  fell  back  into  their  normal  position  would  indicate  that  they  may  have 
a  more  Holid  structure. 

Disfffgarding  the  nuclei,  the  muscle  plasma  consists  of  two 
difff*ront  structures:  the  fibrils,  which  arc  long  and  thread-like  and 
•  nin  the  length  of  the  fil)er,  and  the  inter\'ening  sarcoplasm.  The 
fibrilK  consist  of  alternating  rlim  and  light  discs  or  segments,  which, 
coming  together  in  the  different  fibrils,  give  the  cross-striation 
thiit  is  characteristic.  In  mammalian  muscles  the  fibrils  are  grouped 
more  or  less  distinctly  into  bundles  or  columns,  between  which  lies 
the  scanty  sarcoj>lasm.  The  relative  amount  of  sarcoplasm  to 
fibrillar  substance  varies  greatly  in  the  striped  muscles  of  different 
♦  KwhtM-,  "Archiv  fiir  patholopische  Anatoniie,"  26,  222,  1863. 
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animals,  as  is  indicated  in  the  accompanying  illustration.  The 
evidence  from  comparative  phvsiolog}^  indicates  that  the  fibrils 
are  the  contractile  element  of  the  filler,  while  the  surcopla,sm,  it 
may  be  assumed,  possesses  a  gf^neral  nutritive  function.  Com- 
parative histolog>'  suggests  t  hat ,  in  t  he 
hbrils,  we  possess,  so  to  speak,  a  meclianism 
adapted  to  rapid  contraction,  and  that  the 
perfection  of  the  mechanism — that  Ls,  the 
rapidity  of  its  contraction — Ls  indicated  by 
the  clearness  of  the  cross-striation.  The 
fibril,  moreover,  shows  two  kinds  of  sub- 
stance, the  alternating  dim  and  light  sub- 
stance, and  these  two  materials  are  obviously 
(liflFerent  in  physical  structure  as  seen  by 
ordinary  light.  When  examined  by  polarized 
light  this  difference  becomes  more  evident, 
for  the  dim  sul)stance  jkissprscs  the  pro[)erty 
of  double  refraction.  When  the  muscle  fiber 
is  placed  between  crossed  Nicol  prisms 
the  dim  bands  appear  bright,  while  the 
light  banfbi  remain  dark,  as  is  shown  in 
Fig.  3.  From  this  standpohit  the  material 
of  the  light  bands  in  the  normal  fibrils  is 
spoken  of  as  isotropous.  while  the  dim  bands 
are  anisotropous.  The  anisotropic  material 
of  the  dim  bands  is  eompr^scd  of  doubly 
refracting  positive  uniaxial  particles,  and 
KngeJmann  has  shown  that  such  j)artifles 
may  be  discovered  in  all  contractile  tissues. 
The  inference  made  by  him  is  that  this 
anisotropic  substance  is  the  cont  ract  ile 
material  in  the  protoplasm,  the  machiner}'. 
so  t-o  speak,  through  which  its  shortening 
<JB  accomplished.  In  the  striated  filx»r  this 
conclusion  is  supported  by  the  fact,  repre- 
sented in  Fig.  3,  that  during  contraction 
liquid  pa.sses  from  the  Lsotropous  (light)  band 
into  the  anLsotropous  (dim)  band.* 

The    Extensibility    and    Elasticity    of 
Muscular  Tissue.— The  muscular   tissue  when  acted   upon   by 
a  weight  extends  quite  readily,  and  when  the  weight  is  removed 
it    regains   its   original   form   by  virtue  of  its  elasticity.     In  our 
bodies  the  muscles  stretched  from  bone  to  bone  are,  in  fact,  in 

*  Biedermann.  "Electro-physiology."   vol.  i.  translated  by  Welby,  and 
EnfiTclinann,  "Archiv  fiir  die  pesammte  Physiologie,"  IS,  I. 


tiK-  :i. — To  sliuw  tlie 
appearance  uf  th«  diui 
(anti«<>tropic)  ant)  li|cbt 
(bulrupic)  bandfl  at  rctt 
anil  in  coiitractiuri,  ua  seen 
by  ordinary'  and  by  |M4ar- 
ixed  liKht.  The  Hgure  Tff\f 
rcr^ntt)  a  muscle  fiber 
(beetle)  in  which  the  lower 
portion  hns  boen  Hxeil  in  a 
roiiditiotiuf coiitructiuu.  - 
iEn^elmann.) 
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a  Ktat«  of  elastic  tension.      If   a  muscle  Ls  severed  by  an  inci^on 

across  its  belly  the  cnda  retract.  The  extensibility  and  elasticity 
of  the  muscles  add  to  the  effectiveness  of  the  muscular-skeletal 
machinen\  A  muscle  that  Ls  in  a  state  of  elastic  tension  con- 
tracts more  promptly  and  more  effectively  for  a  given  stimu- 
lus than  one  which  h<  entirely  rela.\ed.  Moreover,  in  our  joints 
the  arrangement  of  antagooisUt — flexors  and  extensors — Ls  such 
that  the  contraction  of  one  moves  the  bone  against  the  pull  of 
the  extensible  and  elastic  antagonbt.  It  would  seem  that  the 
movements  of  the  skeleton  must  gain  much  in  smoothness  and 
delicacy  by  this  arrangement.  The  physical  advantages  of  the 
extensibility  and  elasticity   of   muscular  tissue   are  e%'ident   not  M 


TW.  4  — n,  Purve  of  extenrion  of  a  rubber  band,  to  show  the  equal  extennon  for  wpsaX 
liierwiMniA  of  weight.  The  b«od  luul  an  initial  Ina^t  of  17  sirui..  and  ihu  wa»  uicraMd 
by  incratnentH  of  »  cmo.  in  each  of  the  nine  ex  ten-ions,  the  final  lood  bemg  44  guis.  Hie 
line  joininjc  ibe  encft  of  the  ordinate*  in  a  i^tramht  line.  b.  ('ur\T  nf  exrenmon  of  a  fro^s 
mu0cle  (gajntrorneniiu").  The  initial  load  and  the  incnsnient  of  wviglu  were  (be  aame  as  with 
ibe  rubber.  The  cur%-e  chows  a  decreadinc  exlenAon  fore<4ual  iucrenieiit«.  The  une  join- 
inc  the  ends  of  the  ordinatea  U  eurved. 

only  in  the  contractions  of  our  volimtar>*  muscles,  but,  as  we  shall 
see,  in  a  striking  way  al.so  in  the  circulation,  in  which  the  force  of  the 
heart  beat  is  stored  and  economically  distributed,  as  it  were,  by 
the  elastic  tension  of  the  distomiod  arteries.  The  extensibility  of 
muscular  tis.sue  has  been  stucJieti  in  comparison  with  the  extensi- 
bility of  fload  elastic  i)o<lips.  With  regard  tr*  the  Intter  it  is  knowni 
that  the  strain  that  the  l>ody  undergoes  is  pmporlional  within  the 
limits  of  elasticity  t^  the  stress  put  u^wn  it.  If,  for  instance, 
weights  are  attached  to  a  nibl>er  band  susfiended  at  one  end 
the  amount  of  extension  of  the  band  will  be  directly  proportional 
to  the  weight.*  use* I.  If  the  extensions  are  measured  the  relation- 
ship may  be  rcpivsented  as  shown  in  the  accompanying  figure, 
the  efjual  increments  in  weight  l>eing  indicated  by  laying  off  equal 
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disUnoee  on  the  abscissa,  and  the  resulting  extensions  by  the 
height  of  the  ordinates  dropped  from  each  point.  If  the  ends  of 
the  f>rdinate5  are  joined  the  result  is  a  straight  line.  When  a 
amilar  experiment  is  made  with  a  living  mu.scle  it  is  found  that 
the  extension  i.*5  not  proportional  to  the  weight  used.  The  amount 
of  extension  is  greatest  in  the  beginning  and  decreases  propor- 
tionately with  new  increments  of  weight.     If  the  results  of  such 

experiment  are  plotte<l.  as  above,  representing  the  equal  incre- 
tnt»  of  weight  by  equal  distances 
aloQg  the  abscissa  and  the  resulting 
extensions  by  ordinates  dropped  from 
thtBt  points,  then  upon  joining  the 
eiubof  the  ordinates  we  obtain  a  curve 
concave  to  the  abscissa.  At  first  the 
muscle  shows  a  relatively  large  exten- 
<i(m,  but  tho  effect  liecomes  le,ss  and 
ksn  with  each  new  increment  of  weight, 
the  curve  at  the  end  appnjarhing  slowly 
Xc  A  horizontal.  If  the  weight  Ls  in- 
creased until  it  is  .sufficient  to  overcome 
tiie  claftticity  of  the  muscle  the  curve 
is  altereil — it  liecomes  convex  to  the 
i,  or,  in  other  words,  the  amount 

extension  increases  with  increasing 
iocrernents  of  weight  up  to  the  point 
of  Hipture,  as  is  shown  in  the  accom- 
panying curve*  (Fig.  5).  Haycraftf 
calls  attention  to  the  fact  that  under 
nrinnal  conditioas  t  he  physiological 
ext^ra-^on  of  the  frog's  musi'les  in  the 
bcKly  is  equal  to  that  produce* I  by  a 
weight  of  10  to  15  gms.,  and  that 
when  the  excised  muscle  is  extenfled 
by  weights  below  this  limit  it  follows 
the  law  of  desul  elastic  bodies,  giving 
equal  extensions  for  equal  increments 
^  weight.     It  is  only  after  pa-ssing  this  limit  that  the  law  stated 

jve  holds  good.  It  should  lie  adde<l  also  that  the  amount  of 
BJOD  exhibited  by  a  muscle  or  other  living  tissue  placed 
under  a  stress  varies  with  the  time  that  the  stress  is  allowed 
to  •ct.  The  muscle  is  composed  of  viscous  material,  and  yields 
slowly  to  the  force  acting  upon  it.  In  experiments  of  this  kind. 
iherefofT,  the  weights  should  be  allowed  to  act  for  equal  intervals 

•  f^cr  Mattv.  "  iHi  moiiveiTipnt  dans  les  fonrtiona  de  la  rie,"  1808,  p.  284. 
f  Umyenii,  " Journal  of  Phywitlog)',"  31,  .392,  1904. 


FiK.  S. — Tunc  given  by 
Maroy  lu  hhow  t)^  enect  upon 
the  exteriMnn  of  mwwltf  caUMd 
by-  ii)(<reaHiPS  tb«  luid  reiculariy 
to  thp  point  of  njptiire;  d-t. 
lUc  &bneii«a  nvw  the  normu 
length  of  niusae;  at  a  the  limit 
of  plasticity  in  paweii  luid  the 
niuM'le  Irtictheiu  by  increaiung 
e-iten^onfl  Tor  equal  incremeata; 
at  X  njpiure  (750  cmft.  for  froc't 
gMstrocnemius). 
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of  time.  It  has  l^een  shown  that  the  extensibility  of  a  muscle  is 
greater  in  the  contracted  than  in  the  resting  state. 

The  curve  of  extension  dcj^cribed  above  for  skeletal  muscle 
hold»  aLsij  for  so-called  plain  muscle.  Tliis  latter  ti:ssue  forms  a 
portion  of  the  walls  of  the  various  viiscera,  the  Momach,  bladder, 
utenis,  bloo<l-vessels,  etc.,  and  the  facts  shown  by  the  above  cur\'e 
enter  frefjuently  into  the  explanation  of  the  physical  phenomena 
exhibited  by  the  viscera.  For  instance,  it  follows  from  this  cur\'e 
that  the  force  of  the  heart  beat  will  cause  less  expansion  in  an 
arter>'  already  distended  by  a  high  blood-pressure  than  in  one  in 
which  the  bloo<l-pressure  is  lower. 

The  Irritability  and  Contractility  of  Muscle. — Under  normal 
conditions  in  the  iKwly  a  rnusclf  is  made  to  contract  by  a  stimulus 
received  from  the  central  nervous  system  through  its  motor  nerve. 
If  the  latter  Ls  severed  the  muscle  Ls  paralyzed.  We  owe  to  Haller, 
the  gn^^t  physiologist  of  the  eighteenth  centur>',  the  proof  that 
a  muscle  thus  isolated  can  still  \)e  made  to  contract  by  an  artificial 
etimulus — e.  g.,  an  electrical  shock — applied  directly  to  it.  This 
gigniiicant  discoverv'  removed  from  physiology'  the  old  and  harmful 
idea  of  animal  spirits,  which  were  supposed  to  Ix*  generated  in  tlie 
central  nervous  system  and  to  cause  the  swelling  of  a  muscle  during 
contraction  by  flowing  to  it  along  the  connecting  nerve.  But  to 
remove  a  muscle  from  the  l>ody  and  make  it  contract  by  an  artificial 
stimulus  does  not  prove  that  the  muscle  substance  itself  is  capable 
of  being  acte<l  upon  by  the  stimulus,  since  in  such  an  experiment 
the  endings  of  the  ner\'e  in  the  muscle  an?  still  intact,  and  it  may 
be  that  the  stimulus  acts  only  on  them  and  thus  affects  the  muscle 
indirectly.  In  a  number  of  ways,  however,  physiologists  have 
found  that  the  muscle  substance  can  be  made  to  contract  by  a 
stimulus  applied  directly  to  it,  and  therefore  exhibits  what  is 
known  as  independent  irritability.  The  tenn  irritability,  according 
to  modem  usage,  means  that  a  tissue  can  be  made  to  exhibit  its 
peculiar  fonn  of  functional  activity  when  stimulated,— e.  g,,  a 
muscle  cell  will  contract,  a  gland  cell  willsecroto,  etc., — and  imle- 
pendent  irritability  in  the  case  under  consideration  nieuns  simply 
that  the  muscle  gives  its  reaction  of  contraction  when  artificial 
stimuli  are  applied  directly  to  its  substance.  This  conception 
of  irritability  was  first  introduced  by  Francis  (Jlisson  (1597-1677)» 
a  celebrated  English  physician.*  Subsetjuent  writers  frequently 
used  the  term  as  synonymous  with  cnntractiliiy  and  as  applicable 
only  to  the  muscle.  Rut  it  is  now  used  for  all  living  tissues  in 
the  sense  here  indicated.  A  simple  proof  of  the  independent 
irritability  of  a  striated  muscle  is  obtained  by  cutting  the  motor 
nerve  going  to  it  and  stimidating  the  muscle  after  several  days. 
•See  Foster's  "  History  of  Phyaiolog>-,"  p.  287. 
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Wo  know  now  that  in  the  course  of  several  clays  the  severed  nerve 
fiU'ni  degenerate  completely  down  to  their  terminatioas  in  the 
mtiicle  fibers,  and  the  muscle,  thus  freed  from  its  nerve  fibers  by 
the  process  of  degeneration,  can  still  be  made  to  contract  by  an 
anifieial  stimulus.  The  classical  proof  of  the  independent  irri- 
tabihty  of  muscle  fibers  was  given  by  Claucie  lienuinl,  the  great 
FivJich  phyjiiologist  of  the  nineteenth  century.  He  made  use 
of  the  so-calleil  arrow  poison  of  the  South  American  Indians. 
This  substance  or  mbcture  of  substances  is  known  generally  under 
tbo  luune  curare;  it  L«  prepared  from  the  juices  of  several  plants 
(Btiyehao^)  (Thorpe).  The  powonous  part  of  the  material  is  soluble 
io  water,  and  liemard  showed  that  when  such  an  extract  is  injected 
into  the  blmwl  <jr  hyporlermically  it  jjaralyzes  the  motor  ner\'es 
ftt  their  peripheral  end,  so  that  direct  stimulation  of  these  nerx'cs 


rift.  «.- 


for   phyfaolofricftl  purpose?   (tlu  BoLx-ReytnonJ 
•ondury  cfiil ;  7".  hiiuhnir  pouli*  to  which  are  al- 


-Tfa*  indnction  c^iil  as  uinH 

Tht  primary  cwWl;    R    th«  vcnndury  cfiil :    /".  himlini^  pfKtti*  < 
vinM  from  thm  batten*.  th«v  conncrt  with  the  eiuln  of  roil  A:   P*.  binding  ponlj 
wilik  anda  qf  ood  B,  (Kmueh  which  tlir  itiJuction  rtirreiit  U  led  nR;  H,  the  slide. 
(n  vhieh  tail  B  ia  moved  lu  alter  iu  dUtjmce  froni  A. 


h  inrffective.     Direct  stimulation  of  the  muscle  substance,  on  the 
contrary,  causes  a  contraction.* 

Artificial  Stimuli. — if  we  desigTiate  the  stimulus  that  the 
muscle  receives  normally  from  its  nerve  as  its  normal  stimulus, 
aD  other  forms  of  energ>'  which  may  be  used  to  start  its  contraction 
may  Ije  grou|jeil  under  the  designation  artificial  stimuli.  Experi- 
ments have  shown  that  a  contraction  may  l>e  aroused  by  mechanical 
utiiaulir — for  instance,  by  a  sharp  blow  applie<^l  to  the  muscle;  by 
tlicnxud  stimuli, — that  is,  by  a  sudden  change  in  temperature;  by 
dMmieal  stimuli.— for  example,  by  the  action  of  concentrated  solu- 
tions of  salts,  and  finally  by  electrical  stimuli.  In  practice,  however, 
ouJy  the  laat  form  of  stimulus  is  found  to  l)e  convenient.  The 
mechanical  and  thermal  stimuli  cannot  be  well  applied  without  at 
the  «ame  time  injuring  the  muscle  substance,  and  the  same  is  prob- 
ably inn*  of  chemical  stimuli,  which  possess  the  disadvantage,  more- 
over, of  acting  separately  on  the  different  fil>ers  of  which  the  muscle 

•  **  I>f^on«  .Mir  le»  effet5  di*s  subntance^  toxique*  et  m^licamonteuties," 
IA57,  pfiL  238  <r  st^. 
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is  composed.  Electrical  stimuli,  on  the  contrary',  are  applied  easily, 
are  readily  controlled  as  regards  their  intensity,  and  afTect  all  the 
fibers  simultaneously,  thus  giving  a  co-ordinated  contraction  of 
the  entire  bundle,  as  is  the  case  with  the  normal  stimulus.  For 
electrical  stimulation  we  may  use  the  galvanic  current  taken  directly 
from  the  battcr\%  or  the  induced  or  so-called  faradic  current  ob- 
tained from  an  induction  coil.  Under  most  conditions  the  latter 
is  more  convenient,  .since  it  gives  brief  shocks,  the  strength  and 
number  of  which  can  }je  controlled  readily.  The  form  in  which 
this  instrument  is  used  in  experimental  work  in  physiolog>'  we 
owe  to  du  Bois-Reymond  (1S49-);  hence  it  is  frequently  known 
as  the  du  Boi&-Revmond  induction  coil.     Experimental  physiology 

A  « 


FSg.  7. — Bohama  of  induction  apparatui*- — {.homhard.^  h  r«prvHenta  the  Kalvanio 
b&ttery  connected  by  wirea  to  the  primmry  coil,  A.  On  the  course  of  one  of  thetie  wira 
is  a  key  (^)  to  make  and  break  the  current.  H  ebowB  the  principle  nf  the  necondary 
cnil,  and  the  eonnoctioa  of  it;*  two  enda  with  the  nerve  of  a  ncrve-inu«cle  preparation. 
When  the  battei^  current  ia  cUi»ed  or  made  in  A^  a  britrf  current  of  hich  intent^ity  is 
induced  in  B.  This  i»  known  oh  Ihe  making  or  closinK  ahork.  When  the  battery  current 
ie  broken  in  A^  a  M^cond  brief  induction  current  is  aroused  in  B.  This  \s  known  as  the 
breaking  or  opening  shock. 

owes  a  great  deal  to  thia  simple  and  serviceable  instrument.  A 
figure  and  brief  description  of  the  apparatus  is  appended  (Figs.  6 
and  7). 

SIMPLE  CONTRACTION  OP  MUSCLE. 

Experiments  may  be  made  upon  the  isolated  muscles  of  various 
aniraab,  but  onliiiarily  in  physiological  laboratories  one  of  the 
muscles  (gastrocnemius)  of  the  hind  leg  of  the  frog  is  employed. 
If  such  a  muscle  is  isolated  and  connected  with  the  terminals  from 
an  induction  coil  it  may  be  stimulated  by  a  single  shock  or  by  a  series 
of  rapidly  repeated  shocks.  The  contraction  that  results  from  a 
single  stimulus  is  designated  as  a  simple  contraction.  In  the  frog's 
muscle  it  is  ver>'  brief,  la^sting  for  0.1  second  or  less;  but  in  this, 
as  in  other  respects,  cross-striated  muscular  tissue  varies  in  different 
animals,*  as  is  shown  by  the  accompanying  table,  which  give^  an 
idea  of  the  range  of  rapidity  of  contraction. 

*  Caah,  "Archiv  f.  Anat.  u.  Physiol.,"  1880,  suppl.  volume,  p.  147- 
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DURATION  OF  A  SIMPLE  MUSCULAR  CX3NTRACTI0N. 

Insect 0.(K)3  sec. 

Maii 0.i)50     " 

Frog  0.100     " 

Tcrrnpm J.tXX)     '* 

The  series  may  be  continued  by  the  figures  obtained  from  the 
plain  muscle,  tiius: 

The  involuntarj'  mustcle  (momman 10.00 

Fciot  mufecle  of  .slug*  (Ariolimax) 20.00 

There  L?  reason  to  believe  that  the  rapidity  of  contraction  is  re- 
bWed  to  the  distinctness  of  the  rrf»s»-st  rial  ion.  This  is  indicated 
by  the  properties  of  the  so-calird  red  antl  pale  muscles  that  occur 
in  «itne  animals — ihe  rabbit,  fur  instance.  The  pale  muscles  con- 
tact much  more  rapidly  than  the  red  ones,  and  corresponding  with 


Fig.  8.^-Curve  of  flini|>Ie  mu;*cular  contmctinn. 


I 


this  fact  it  is  found  that  the  cross-^ nation  is  niore  distinct  in  the 
former  As  was  explained  above,  the  active  agent  in  contraction 
l"  "d  in  the  dim  bands  of  the  filjors,  and  the  more  highly 

di;  ited  this:  structure  Ix'comcs  the  more  perfect  ap|>areatly 

is  ltd  work  as  a  mechanism  for  shortening.  According  to  Cash,  the 
duration  of  contraction  of  the  soleus  muscle  (red)  in  rabbits  is  one 
wcnnd,  while  that  of  the  gastrocnemius  medialis  (white)  is  only 
0.25  seodud. 

The  Curve  of  Contraction. — When  a  contracting  muscle  ia 
Attached  to  a  lever  this  lever  may  be  made  to  write  upon  a  smoked 
nirface  and  thus  recortl  the  movement,  more  or  less  magnified 
acconling  to  the  leverage  chosen.  If  the  recording  surface  is  sta- 
tiooftr>'  the  record  obtained  is  a  straight  line  and  indicates  only  the 
extent  of  the  shortening.  If,  however,  the  recording  surface  is  in 
Dvemcnt  during  the  contraction  (he  reconi  will  \ie  in  the  form  of  a 
piwhich, making  use  of  the  system  of  right-angle<l  co-ordinates, 
•  CarlBOD.  ••American  JouraaJ  of  Physiology."  10.  41H.  1904. 
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will  indicate  not  only  the  true  extent  of  the  shortening,  but  also 
the  amount  of  shortening  or  subsei|iient.  relaxation  at  any  moment 
during  Ihe  entire  [jeriod.  To  obtain  such  records  from  the  rapidly 
contracting  frog'.s  muscle  it  is  evident  that  the  recording  surface 
mutit  move  with  considerable  rapidity  and  with  a  uniform  velocity. 
A  rur\'e  of  this  kinii  is  rcjjresented  in  Fig.  8,  on  page  25.  C  rep- 
resents the  axis  of  al>scissas  and  gives  the  factor  of  time.  A 
vertical  ordinate  erected  at  any  point  on  C  gives  the  extent  of 
shortening  at  that  moment.  Below  the  curve  of  the  muscle  is 
the  record  of  the  vibrations  of  a  tuning  fork  giving  5i>  double  vibra- 
tions per  second;  that  is,  the  distance  from  crest  to  ert*st  represents 
an  interval  of  -5^  of  a  second.  Thret*  principal  facts  are  brought 
out  by  an  analysts  of  the  eun'e:  L  The  latent  period.  By  tins  is 
meant  that  the  muscle  does  not  l>egin  to  shorten  until  a  certain 
time  after  the  stimulus  is  a]iplied.  On  the  cur\'c  the  stimulus 
ent-ers  the  muscle  at  Sj  ami  tlie  distance  lictween  this  point  and  the 
beginning  of  the  rise  of  the  curve  interpreted  in  time  is  the  latent 
period,  II.  The  phase  of  shortening,  which  has  a  definite  course 
and  at  its  end  inune<bately  passers  into  III— the  phase  of  relaxation. 

The  Latent  Period. — In  the  contraction  of  the  Isolated  frog's 
muscles  as  usually  nn-orded  the  latent  jx^riod  amounts  to  0.01  sec.^ 
but  it  is  generally  assumed  that  tliis  jx^riod  is  exaggerated  by  the 
method  of  recording  used,  since  the  elasticity  of  the  muscle  itself 
prevents  the  immediate  registration  of  the  movement.  By  improve- 
ments in  methods  of  technique  the  latent  period  for  a  fresh  muscle 
may  be  reduced  to  as  little  as  (K005  or  even  Oi304  sec.  Under  the 
conditions  in  the  body,  however,  the  muscle  contracts  against  a 
load,  as  when  lifting  a  lever;  hence,  we  may  assume  that  normally 
there  is  a  lost  time  of  at  least  0.01  sec.  after  the  stimulus  enters  the 
muscle.  In  addition  to  the  latent  period  due  to  the  elasticity 
of  the  muscle  it  is  probable  that  a  brief  amount  of  time  actually 
elapses  after  the  stimulus  enters  the  m\iscle  l}efore  the  act  of 
shortening  begins;  some  time  is  taken  up  in  the  chemical  changes 
and  the  effect  of  these  changes  in  putting  the  mechanism  of  con- 
traction into  play  (see  lx*low  on  the  Theorv^  of  Muscle  Contractions). 
The  latent  {period  varies  greatly  in  muscles  of  different  kinds,  and  in 
the  same  muscle  varies  with  its  conditions  as  regards  temperature, 
fatigue,  load  to  be  raised,  etc. 

The  Phases  of  Shortening  and  of  Relaxation. — In  the  normal 
frog's  muscle  the  phase  of  shortening  for  a  simple  contraction  occu- 
pies about  0.04  second,  while  the  relaxation  is  a  trifle  longer,  0.05  sec. 
Naturally  in  muscles  whose  duration  of  contraction  differs  from 
that  of  the  frog  the  time  values  for  the  shortening  and  the  relaxation 
exhibit  corresponding  differences.  Many  ctmdition.s,  some  of  which 
w^ill  be  descriix*d  below,  alter  the  duration  of  the  simple  contraction, 
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and  it  b  noleworthv  that,  in  general,  it  w  tiic  pha^e  of  ix^laxation 
vhich  is  most  readily  affected  by  these  cJianges. 


:aiid  Isometric  Contractions. —  In  the  niethwl  of  recordiiiK  the 
akoftttifa>|C  of  the  mu>olc  tlmt  U  (tes<-nl>e<l  alx)ve  the  riuLsole  i^  •>iip|M)scd  to  con- 
Umr%  a(caiitt4  a  coii'*tiLnt  load  which  it  caii  lift.  Suc)i  a  contraction  Ls  sjxpken 
of  ■»  «n  i?«otonir  rontrnchon.  If  the  muscle  is  allowcil  lu  contract  agaiii.^t. 
itADftkm  loo  (rreAt  for  it  tct  overcome — a  stiff  spring,  for  instance — it  is  prac- 
ticmUT  preveiit«<J  frnm  shortening,  and  a  contraction  of  this  kinri,  in  which 
thf  length  of  tlie  inasclc  reinaiii.s  unctianged,  is  Npokcn  of  as  an  isometric 
eootraction  \  ciineof  such  a  contraction  may  he  ohtained  }>y  mapnifyine 
ipvaliy,  by  moans  of  levers,  the  Mif^ht  dianpe  in  the  MifT  sprine  afcainnl  wliich 
tfat  muacte  if  contrm-tinf^.  Suoli  a  ciir\'e  ^ves  a  picture  of  the  liheratioti  of 
■Mffnr  wiUiin  tike  muscle  durinf^  contnu-tion. 

Toe  usual  oval  form  of  dynamometer  employed  io  record  the  |!:ripof  the 
flexon  of  the  finxers  givee  an  isometric  reconi  of  the  energv'  of  oontraclion 
of  Ibne  mtuclea. 


^H  iAom)  VDtil  maranam  otrntractiufi*  wcrv  ubtiuiect.  Thr  -^tirituli  werp  thru  dccrvaMCil  ia 
^P  ilMaslli  aad  the  oootrmdionA  fell  nff  thmiigh  a  wnoi>  of  irniiJually  decrrofUnR  njbaia.xinial 
~  "'  "'  oa.  The  aerifc*  up  and  down  i*  not  abiwlut«ly  mcular  nwing  to  the  difficulty  of 
a  rvcuUr  iocreaM?  or  d^crra.'^  in  the  Htimulun.  (The  jir<»)itngntion»  of  the 
r  the  bmm  lii>e  an  due  to  the  eUuetic  exteoiaoo  ct  the  oiuvcle  by  ihe  weifbt  dur« 
t.) 


9. — E0ert  of  varyina  the  i4rptiKtb  of  stimulus.     The  6ffui«  shows  the  effect  upoo 
Dititf  ma-wle  of  a  frog  of  xnulually  increarinf  the  stimulus  (breakinfE  induction 


» 


Effect  of  Strength  of  Stimulus  upon  the  Simple  Contraction. 

— The  strength  of  eieturical  stimuli  can  be  varied  conveniently  and 
with  great  accuracy.  When  the  stimulus  Ls  of  8Uch  a  strength  as 
io  pnxluce  a  jtist  visible  contraction  it  is  .sfK)ken  of  a**  a  minimal 
stimuiuit  and  the  resulting  contniction  a.^  a  minima)  contraction. 
^tinitili  of  less  strength  than  the  minimal  are  designated  as  sulv 
minimal.  If  one  iiicrea8«\'<  gradually  the  inteasity  of  the  electrical 
current  used  as  a  stimulus  without  altering  its  duration,  l>eginning 
with  a  stimulus  sufficient  to  cause  a  minimal  contraction,  the  result^ 
oootractions  increase  pro|x>rtionally  up  to  a  certain  maximum 
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beyond  which  further  increase  of  stimulus,  other  conditions  remain- 
ing the  same,  causes  no  greater  extent  of  shortening.  Contrac- 
tions between  the  minimal  and  the  maximal  are  designated  as 
submaximal.*     (See  Fig.  9.) 

Effect  of  Temperature  upon  the  Simple  Contraction. —  \'aria- 
tions  in  temperature  affect  both  the  extent  and  the  duration  of  the 
contraction.  The  relationship  Ls^  however,  not  a  simple  one  in  the 
case  of  the  frog's  muscle  upon  which  it  has  been  studied  most  fre- 
quently. If  we  jmy  attention  to  the  extent  of  the  contraction  alone 
it  will  be  found  that  at  a  certain  temperature,  O'^C,  or  slightly  Ix'low, 
the  muscle  loses  its  irritabihty  entirely.  As  its  tem|>erature  is 
raised  a  given  stimulus,  chosen  of  such  a  strength  as  to  be  maximal 
for  the  muscle  at  room  temperatures,  causes  greater  and  greater 


Fiif.  10. — Curve  showiriK  th«  effect  of  t«Tn]wrature.  The  t«mpf>reture«  mt  which  tbft 
cofitrBCtinDH  wmm  f>btjLinp<]  an*  iiulifAtf^iI  tin  tlip  fiicure.  In  lhi<i  i>iL]»nment  a.  htrge  rcMi*> 
tuic«  was  introflueed  info  the  NnrnndarA'  rirruit  mi  tliut  chanKe^  in  the  reststuif»  of  thm 
muscle  itscif  due  U3  lirAtin^  muM  not  anpet  rhe  KlrrngTh  or  the  ^timulu.-*. 


contractions  up  to  a  certain  maximum,  which  is  reached  at  about 
6**  to  9°  C.  As  the  temperature  rises  beyond  this  |X)int  the  con- 
tractions decrease  somewhat  to  a  minimum  that  is  reachetl  at  about 
15°  to  18°  C.  Beyond  this  the  contractions  again  increase  in 
extent  to  a  second  maximum  at  about  26°  to  .'^0°  C,  this  maxi- 
mum being  in  some  cases  greater,  ami  in  others  less  than  the  first 
maximum.  Beyond  the  second  maximum  the  contractions  again 
decrease  rather  rapidly  as  the  temperature  rises  until  at  a  certain 
temperature.  Ii7°  L\,  irritability  is  entirely  lost  (Fig.  10).  If  the  tem- 
perature is  raised  somewhat  beyontl  this  latter  i>oint  heat  rigor  makes 
itii  appearance,  and  the  muscle  may  lje  considered  as  dead.  The  re- 
lationship between  temperature  and  extent  of  contraction,  therefore, 

♦  Fick.    •'  Untersuchungen    uber   elektrische    Nnrveiireizung,"    Braun- 
■ehweig.  1864. 


THE   PHENOMENON   OF  CONTRACTION. 


29 


may  he  expressed  by  a  curve  such  as  is  represented  in  Fig.  1 1 ,  in 
which  there  are  two  maxima  and  two  points  at  which  irritability  is 
lost.  The  second  ma?dmum  indicates  a  fact  of  genera!  phy^iotogica!  in- 
terest,— namely,  that  inallof  the  tissuesof  the  body  there  is  a  certain 
high  temperature  at  which  optimum  activity  is  exhibited,  and  if  the 
temperature  is  raised  beyond  this  point  functional  activity  becomes 
more  and  more  depressed.  The  point  of  optimum  effect  is  not  identi- 
cal for  Ihe  different  tissues  of  the  same  animal ,  much  less  bo  for  those 


1^.  11. — Cur\-r  in  show  ibe  etftei  of  a 
(Wnf  t«Tnp«rm(urv  from  0"*C.  to  38*  (_*.  upon 
IW  bnchi  (>(  mnlrartinn  of  fro^s  muf«cle. 
Ihm  ftnit  niaJtiinuin  kc  d*  ('.  the  MwoDd  at 
9PC  IVyrwJ  :v4*  C.  the  rataela  lost  iu 
ilMitiUMji  And  went  into  nciir  mortb. 


l& 


I 


j»  /dP  iv  ja*i/'-j>- 

Fi^.  12. — Curvp  to  dhow  the  effect 
of  a  n!«  of  temperature  from  A"  C.  to 
30*  C.  upon  the  auratxnn  of  contraction 
of  froft'ji  musrjfi.  Tlie  relative  dura- 
tionn  at  the  different  temperatures  are 
repremnteil  by  the  height  of  the  cor- 
reflpondinic  ordinateA. 


of  <fiffen*nt  animals,  but  the  fact  may  be  emphasized  that  in  no 
cue  do  protoplasmic  tissues  withstand  a  very  high  temperature. 
FuBctioriaJ  activity  is  lost  usually  at  45°  C.  or  below.  The  duration 
if  the  contraction  shows  usually  in  frog's  muscles  a  simple  relation- 
Itlinp  t-o  the  changes  of  temperature.  At  low  temperatures,  4  or  5°  C, 
the  contractions  are  enormously  prolonged,  particidarly  in  the  phase 
of  relaxation;  but  as  the  temperature  is  raised  the  duration  of  the 
contractions  diminishes,  at  first  slowly,  then  rapidly,  to  a  certain 
point — about  18°  to  2(P  C,  beyond  which  it  remains  more  or  less 
eoMUnt  in  spite  of  the  changes   in  extent  of  shortening.    The 
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relatioiLship  between  duration  of  contraction  and  temperature  may 
iherofore  Ix?  expressed  by  such  a  curve  as  is  shown  in  Fig.  12.  in 
wliich  the  height  of  tlie  ordinales  n-presents  the  relative  duration  of 
the  contraetion.s.     Murscles  from  ditTereut  frogs  show  considerable 
minor  variations  in  their  reactions  to  clixmges  in  temperature,  and 
we  may  suppose  that  these  variations  depend  upon  ililTerenees  in 
nutritive  condition.    In  this,  as  in  many  other  resj)erts,  t!ie  reactions 
ol)tained  from  so-called  winter  frogs  after  they  have  prepared  for 
hihcrnatiim  are  more  regiUar  and  typical  than  those  obtained  in  the 
spring  r>r  summer. 

Effect  of  Veratrin- — The  alkaloid  veratrin  exhibits  a  peculiar 
and  interesting  effect  upon  t!ie  contraction  of  muscle.     A  muscle 
taken  from  an  animal  thai  has  l>een  veratrinized  and  stimulated 
in  the  usual  way  by  a  single  stinudus  gives  a  contraction  such  as 
is  exhibited  in  the  accompanying  curve  (P'ig.  V^).     Two  peculiarities 
are  shown  by  the  cur^'e:  (1)  The  phaweof  shortening  is  not  altered, 
but  the  pliase  of  relaxation  is  greatly  prolonged     (2)  The  curve 

Fig.  13. — Curvfl  ahowiog  the  effect  of  veratrin. 

shows  two  summits, — that  is,  after  the  first  shortening  there  is  a 
brief  relaxation  followed  hy  a  s<»cond,  slower  contraction.     The 
cause  of  this  second  shortening  is  not  known.     Bicdemann   lias 
suggested  that  it  is  due  to  the  presence  m  the  muscle    of  the 
two  kinds  of  fillers — red  and  pale — which  were  spoken  of  on    p. 
25,  and  that  the  veratrin  dissociates  their  action,  but  this  expla- 
nation, according  to  Carvallo  and  Weiss,*   is  disproved  by   the 
fact  that  muscles  composed  entirely  of  white  or   red   fibers  show 
a  Mmilar  result  from  the  action  of  veratrin.     Although  the  explana- 
tion is  not  forthcoming,  the  fact  that  a  single  stimulus  gives  under 
these  con<litions  two  processes  of  contractions  is  interesting  as  an 
exception  to  the  general  nile.     It  may  Ik*  added  that  a  eurarized 
frog's  muscle,  when  lieated  to  the  point  of  optimum  activity  (28*  C.) 
sometimes  shows  also  a  ilouljle  contraction  for  a  single  stimuhis. 
The  ver>'  prolonged  relaxation  is,  however,  the  most  peculiar  effect 
of  the  veratrin.     A  sotitewhat  similar  effect  is  pro<luced  by  the 
*  "Journal  de  la  phy.siol.  et  de  la  path.  g6n(^rale/'  1S09. 
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the  ^-eralrin  is  therefore  antagonized  seemingly  by  the  chemical 
products  formed  during  contraction. 


Fix.  15. — Effect  of  rcpeaieKi  dtimulation;  cuinplct«  curve,  showiiiit  lat«  conCrmctux*. 
The  mufde  wait  fttiniulatc^  hy  indurtiun  flli(>ck»  at  tl^ie  rate  nf  50  jier  nutiut«.  Tbo  wpiuvi* 
eoatractions  are  so  cloiw  tugett^r  thftC  they  cun  nut  be  dbtingumhed. 

Contracture. — The  prolonged  relaxation  that  is  so  character- 
istic of  ihe  veratrinizetl  uiu.sck'  may  l>e  ob.serA'ed  in  frog\s  muscle 
under  other  circumstances,  and  Is  described  u^sually  as  a  condition 
of  contracture.     By  contracture,  therefore,  we  mean  a  state  of  con- 


Fig.   16. — Effect   of  repeated  frttmulation,  cm 
The  muscle  was  otimtilated  by  inditction  shock- 


i;  no  contractureor>'ery  little, 
e  of  50  tier  minute.     A  very 


slifcht  contracture  ia  showD  in  the  beffinninK,  but  suhi^etjURntly  tno  contractiuna  afauw 
only  a  diminished  eKt«Dt,  the  rate  of  reluxAtion  remaining  apparently  unchanged. 

tinuous  contraction,  or,  looking  at  it  from  the  other  point  of  view, 
a  state  of  retarded  relaxation.  This  condition  Is  apparent  in 
muscles  that  have  been  cooled  to  a  low  temiMTaturc,  and  is  shown 
also  as  a  result  of  repeated  stimulations.     In  Fig.   14    the   phe- 


^ 


THE    PHKNOMENON   OF    CONTRACTION. 


33 


iu>n]eiioii  is  exhibited  very  clearly  in  the  form  in  which  it  was  first 
(Icscrilx**!  by  Knjnccker  unil  I'iegel,*  while  in  the  following  figure 
(Fig.  lo)  the  phenontenon  Is  shown  as  it  usually  appears,  that  is, 
tft«r  CDttny  contractions,  and  at  a  tinie  when  fatigue  is  beginning 
to  make  iusolf  felt. 

The  Effect  of  Rapidly  Repeated  Contractions/— When  a 
muscle  is  .stiinulnU'd  n^iK'utedly  by  stinuili  of  etjuul  strength  that 
fall  into  the  muiicie  at  e(|ual  intervals  the  conlractioas  show  certain 
features  Ibat,  in  a  general  way,  are  constant,  although  the  precise 
degree  in  which  they  are  exhibited  varies  curiously  in  different 
aoinuUs.  Such  curves  are  exhil)ited  in  I'igs.  14,  15,  and  Ui,  and 
the  feature*  worthy  of  note  may  be  specifietl  briefly  as  follows: 

1.  Thr  ItUrtMliuitfTf^  Contniciions. — The  first  tliree  or  four  con- 
tmctions  deeneust*  slightly  in  extent,  showing  that  the  muscle  at 
first  loe*^  a  httle  in  irritability  on  account  of  previous  contractions. 
This  phenomenon  is  frequently  al)sent. 

2.  The  SUiircmc  or  '' Trcppc^—Ahcr  the  first  slight  fall  in 
hciizht  luis  jHtss<»d  off  the  contractions  increase  in  extent  with  great 
regularity  and  often  for  a  surprisingly  large  numl>er  of  contractions. 
This  gradual  increase  in  extent  of  sb(jrtening,  with  a  constant 
fitimuJus,  was  fin?t  noticed  by  Bowditch  u^m^u  the  heart  muscle, 
and    was    by    him    named    the    phenomenon    of    "  trcppe,"    the 

mc  word  for  staircnse.  It  indicates  that  the  effect  of  activity 
ill  the  In-ginning  iK-neficial  to  the  muscle  in  that  its  irritability 
rteadily  increas*\s,  and  the  fact  that  the  same  result  has  In^en  ol>- 
Lained  from  heart  muscle,  plain  muscle,  and  ner\*e  fibers  itulicates 
that  it  may  lie  a  general  physiological  law  that  functional  activity 
at  finit  to  a  heightened  irritability. 

Conirai'lure.—'lhh  i>henomenon  of  retarded  relaxation,  has 
Itecn  dt^serilx'il  ulK)ve.  In  frog's  muscles  stinuilated  repeatedly  it 
Qoakeai)  its  apj*earance,  as  a  rule,  sooner  or  later  in  the  series  of 
oootmctions;  but  there  is  a  curious  amount  of  variation  in  the' 
inu>cle«  of  different  individuals  in  this  respect. 

4.  Fftitijur. — After  the  periixl  of  the  '*trep[)e"  has  passed  the 
eontractions  diminish  steadily  in  height  until  at  last  the  muscle 
fail*  entirely  to  respond  to  the  stimulus,     'ibis  progressive  loss  of 
irritabihty  in  the  muscle  caused  by  repeated  activity  is  designated 
It  will  l)e  consideretl  more  in  detail  under  the  head  of 
,  i  Muscular  Contractions. 

The  Contraction  Wave. — Under  ordinary' conditions  the  fil)er3 
a  musele  when  stimulated  contract  simultaneously  or  nearly  so, 
i  the  whole  extent  of  the  musele  is  practically  in  the  same  pha.se 
of  contnu^tion  at  a  given  instant.     It    is  comjMiratively  eas>'  to 

•T1«(Brf.    "Pfliiger's  Archiv  fur  die  gt^sunimte   PhvaJologie,"  etc.,  13,  71, 
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show,  however,  that  the  process  of  contraction  spreads  over  the 

fibers,  from  the  pr»int  stimulatcii,  in  tho  form  of  a  wave  that  moves 
with  a  ciptinito  vf^locity.  In  a  long  niusole  with  parallel  fibers  one 
may  prove,  by  proper  recording  apparatus,  that  if  the  muscle  is 
stimulated  at  one  end  a  point  near  this  end  enters  into  contraction 
before  a  ix)int  farther  off.  Knowing  the  difference  in  time  between 
the  appearance  of  the  contraction  at  tlie  two  jwint^s  and  their 
distance  apart,  we  have  the  data  for  fletermining  the  velocity  of  its 
proj^agation.  In  frog's  muscles  this  velocity  is  found  to  be  equal 
to  3  to  4  meters  per  second,  while  in  human  muscle,  at  the  body 
tcmjx'rature^  it  is  estimatcfl  at  10  to  13  meters  jx'r  second.  Iviiuw- 
ing  the  time  it  takc«  this  wave  to  pass  a  given  jxiint  (^)  and  its 
velocity  (r),  its  entire  length  is  given  by  the  formula  I—  iv/.  In  the 
frog's  muscle,  therefore,  with  a  velocity  of  3tMJ0  mm.  per  second, 
and  a  duration  of,  say,  0.1  second,  the  product  3000  x  0.1  —  300 
mms.  gives  tho  length  of  the  wave  or  the  length  of  muscle  which 
is  in  some  phase  of  contraction  at  any  given  instant.  Under 
normal  conditions  the  muscle  fibers  are  stimulated  through  their 
motor  plates,  which  arc  situated  toward  the  middle  of  the  filler, 
or  perhaps  one  muscle  fiber  may  have  two  or  more  motor  plates, 
giving  two  or  more  points  of  stimulation.  It  fallows,  therefore, 
from  this  anatomical  arrangement  and  the  great  velocity  of  the 
wave,  that  all  parts  of  the  fibers  are  in  contraction  at  the  same 
instant  and,  indeed,  in  nearly  the  same  phase  of  contraction.  I'nder 
abnormal  con(Jitions  muscles  may  exhil>it  fibrillar  contractions:  that 
is,  separate  fibrils  or  bundles  of  iibrils  contract  and  rt»lax  at  different 
times,  giving  a  flickering,  trembling  movement  to  the  muscle. 

IdiorausciUar  Contractions. — In  a  fatipied  or  moribund  muscle  meohaji- 
irjil  stiniulilion  may  give  a  loc.ilixed  contraction  which  does  not  spread  or 
Bnrcada  very  .Hlr>wly,  showing  that  the  nJinoriniil  changes  in  the  muscle  prevent 
tne  excitation  from  traveling  at  its  normal  velocity.  A  localized  contraction 
of  this  kind  was  designated  by  SchifT  as  an  idioinuHculur  (xnitraclioii.  It  may 
be  produced  in  u  healthy  nuisde  by  locidized  mechanical  stimulation,  as  by 
drawing:  a  hlunt  instrument — e.  9.,  the  handle  of  a  ncalpe! — acrt>&B  the  belly 
nf  a  muscle.  The  point  tlnis  stimulated  standi  out  u-s  a  weal,  owing  to  the 
idiomviscular  contraction. 

The  Energy  Liberated  in  the  Contraction. — When  a  musicle 
contracts^  energ>'  h,  as  we  say,  lilx'rated  in  sseveral  forms,  and 
can  \ye  measured  quantitatively.  First  there  is  a  production  of 
heat,  which  k  inflieated  by  a  rise  in  temperature  of  the  muscle. 
According  to  Heidenhain,  the  tenipeniture  of  the  frog's  muscle 
is  increased  in  a  single  contraction  by  0,iX)l °  C.  to  0.005°  C  Larger 
muscles,  such  as  those  of  the  thigh  of  the  dog,  when  repeatedly 
stimulated  may  cause  a  rise  of  temperature  of  from  1°  to  2"  C. 
The  thermometer  does  not,  of  course,  measure  the  amount  of  heat 
produceti;  hut  only  the  temperature  of  the  muscle.     Heat  is  esti- 
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TDSkied  quantitatively  in  terms  of  calories,  liy  a  calorie  is  meant 
the  quantity  of  heat  necessary  to  raise  1  gm.  of  water  1°  C. 
Knowing  the  specific  heat  and  weight  of  muscle,  wo  can  readily 
calculate  the  nuralxr  of  calories  produced.  Tlius,  if  a  frog's 
muscle  weighing  2  gnis.  shows  a  rise  of  temj)cratiirc  of  01K)5°  C, 
from  a  single  contraction  the  production  of  heat  in  calorics  is  given 
by  multiphong  the  weight  of  the  muscle  by  its  specific  heat, 
0X5,  to  reduce  it  to  an  equivalent  weight  of  water,  and  this 
pnnjuct  by  the  rise  in  tem|)erature:  2  X  0.8:3  X  O.UOo  =  O.0OS3 
calorie.  The  fact  that  muscular  exercise  increases  the  produc- 
tion of  heat  in  the  body  is,  of  course,  a  matter  of  general  obser- 
vation.    Second.    Some    electrical    energ}^    is    developed    during 

^eontraction.  The  means  of  tietecting  and  measuring  this 
will  be  described  in  a  subscijuent  chapter.  Q>iisi<lert'd 
quantitatively,  the  amount  is  small.  Third.  Work  is  done  if  the 
muacle  is  allowed  to  .<5horten  during  the  contraction.  By  work  is 
meimt  external  or  useful  work — that  is,  the  muscle  lifts  a  weight 
or  overcomes  an  opfwsing  resistance.  If  a  muscle  contracts  against 
a  Wfight  too  heravy  to  Ix?  lifted  or  a  resistance  too  strong  to  be 
oven^ome  it  does  no  external  work,  although,  of  course^  much 
energy  is  lil>erated  as  heat  or,  as  it  is  sometimes  called,  internal 
Horlc.  The  work  done  hy  a  muscle  during  contraction  is  nicasurni 
in  the  tMial  mei^hanical  units,  by  the  product  of  the  lr)ad  into  the 
lift.  That  is,  if  a  muscle  lifts  a  weight  of  40  grams  to  a  height 
4d  10  millimetere,  the  work  done  is  40  X  10  =  4(X)  gram-milli- 
aeters,  or  0.4  grammeter.  We  can  in  calculations  convert  ex- 
ternal work  into  heat  or  internal  work  by  making  use  of  the  ascer- 
tainini  mechanical  equivalent  of  heat,  according  to  which  1  calorie 
=  425  gmnuDCters  of  work.  The  work,  0.4  grammeter,  supjjosed 
to  be  done  in  the  above  experiment  would  \ye  equivalent,  there- 
forr.  to  0.4  -^  425,  or  about  0.f¥)l  of  a  caloric. 

The  Proportion  of  the  Total  Energy  Liberated  that  may 
be  Utilized  in  Work. — All  of  the  energ>'  liberated  in  the  muscle 
hafi  itii  origin  in  the  chemical  changes?  that  follow  uj^on  stimulation. 
We  ai«ume  tliat  these  clianges  are  such  that  complex  molecules 
are  broken  df)wn,  with  the  formation  of  simpler  ones,  anil  that 
flome  of  thr  .s<H<-ullcd  chemical  or  internal  cnerg\-  that  holds  together 
the  atoms  in  the  complex  molecule  is  liberatect  and  takes  the  three 
fonn«  described  above.  It  is  a  matter  of  interest  to  inquire  as 
to  the  proportion  of  this  total  energ>'  which  may  be  converted 
into  useful  work  an<l  the  conditions  under  which  this  optimum 
amount  of  work  may  be  realized.  Regarded  from  this  standpoint, 
(be  muscle  may  be  considered  as  a  piece  of  machinery'  comparable, 
let  us  say,  to  a  gas  engine.  In  the  latter  the  heat  generated  by 
the  explosive  chemical  change  Is  converted  partially  into  external 


-/■*/  Till;    i'MVSIOLOtiV   OF    Mrs(  LK   AM>    NLKVil. 

v.'^il:  f*y  a  jirojH'riy  adaptcfl  tii(>rliuiiisiii — and  i:i  a  ueli-con>'tr:o'»-i 
t  ti'/itif  a-  iiiiicli  a>  15  to  2.'>  jkt  cent,  of  the  total  erierg>'  m^y  }- 
ot/tairj'-'l  a."  work.  In  the  niusclc  ihon*  is  alsrj  a  nit'Cliani^n.  '•:* 
■05jj<-  kiii'i.  iioi  as  yd  iiii(l(*rsl<HHl,  l)y  inoaus  of  which  a  ]'>arT  of  :r:i 
mj'i;.'-.  jilfcratrii  inay  Im*  convcilcd  into  work.  Kxjjerinicnts  r.jau* 
*;■.  I  irk  with  rro;r>'  nuisclcs  indicate  that  the  proportion  *j(  tii*- 
ti/;il  f|]i-i;;y  whirh  iiiidcr  optiiiuiin  conditions  may  be  utilizdi 
a  v.ork  i-,  in  roiincl  iniinUers,  from  25  to  lUi  jx^r  rent.  Chauveau.* 
jfi  '  •.jKrifiuiii.s  made  upon  the  elevator  of  tiie  xippor  lip  in  the 
iioi  <-,  l#Mind  a  proportion  of  only  12  to  15  jx?r  cent.  The  I:i>t  ol»- 
'ivM  puini,-  (Hit  thai  this  pro|K»rtion  must  varv  greatly  for  dif- 
j' jciji  ]Ill|.-/•k■^  and  for  musfies  in  dilTeiX'nl  animals,  while  for  the 
.;jrn'-  itiii.  cjc  it  will  vary  willi  the  extent  and  duration  of  the  eoii- 
U;i''liof).  and  other  conditions.  I'rotn  e\]K'riments  made  U]X>n  dolr^ 
j.'i  v.hirh  a  nn'a-iircd  amount  of  work  was  done  and  in  which 
Ml'  iiii'vyv  rliam;(v-  were  e>tiinate*l  from  the  oxygen  absorhinl 
;.fjd  rarWun  di')\iil  fliminated.  Zuntzf  calculates  that  soniewhal 
:.'joi«-  tlian  ',  ol"  the  total  chemical  (*neriry  liherated  in  tlie  muscles 

•  na-.  lie  appheil  tn  eMiMMial  work,  the  otiier  VI  taking  the  form  of 
I.er.i.     :-iiiiilai    e\peiiment>   made   l>y    tlie  same  ohsenTrJ  uiwn 

•  rjeii  have  iritlieatetj  that  the  mu>ele<  \vt)rk  most  economically  in 
Ijjiiii;'  the  \M  iudit  of  the  1mmI\.  a>  in  tnoimtain-clinihing.  In  tlii.s 
iorm  of  mn-eular  wurk  lie  »■>!  imate>  that  from  35  to  40  per  cent,  of 
the  licit  rncii'A  \i(|.t.d  l>y  the  material  <»xidizeil  in  the  bodv  may 
triie  the  Ittrm  of  eMi-rnal  work.  When  the  nniscular  work  per- 
lormi'd  wa.-  etVeeied  Ity  the  mi:^ck**<  of  the  anns  and  upper  part 
ol  the  ImiiIv.  a?^  in  turnini;  a  wheel,  a  smaUer  yield  (25  per  cent.) 
v.a  ohtained.  It  appeal^  from  tiicM'  ii^ruH's  that  the  muscular 
iiiarhine  j,  an  e-pet-ially  iiiirieu!  one  a-*  n\srar(.Is  the  amoimt  of 
*-\tenial  work  lliat  <'an  !»e  ol.iained  from  the  oxidation  of  a  given 
amount  of  ntaierial.  Sii*am  iMiiriiie*^  are  slid  to  l)e  capable  of 
yit'Idini^  only  li>  lo  15  per  cen: .  o\  ihe  heat  energy  of  the  fuel  in 
the  f'tnii  (if  nieclianieal  or  :i>e:";l  work. 

The  Curve  of  Work  and  the  Absolute  Power  of  a  Muscle.— 
The  stalemen'<  i::  ihe  i>vei-t'.jin_;  i>ar;i!rraj>h  i»rove  that  the  muscle. 
jmlucd  ivom  tl:e  >r:i;:.!i».«i:i:  ..:"  a  ::i::ei;:no  ti^do  work.comjiarpsmo*t 
l'M\ora!«ly  i:'  :■-  .■.:•:;•■  wiii  !:.::i::::jerv  i»f  human  construction. 
Ilu'  i;  >!i":!  [  :  ■    ■    ':■:.■■  'r:  ;■.!:.     •:.;;'  i::  :iii^  a*;  in  oiliiT  rosjvci?  ihr 

piiipii'*'-  -    -■  ■  ?  ■•*;,'■   ;  •..■-•.'.;:!•  *;'-';e'<  vary  cn^a'Sy.     In  ?*>r.>: 

ai;:!-.;;^-  ■  ■:■  '.•.  '...'.-  ;-  -  :.:■■■  :.  ::..'!*e  e::;r-:ent  ii:ac!i:::*-^  :::ar.  i:. 
otii'-:--  ':■:-■  ■  :-  !-.  .■■['•  ■■  -.-;:•  ;;.  neral  e\:vriei:co  >:pirl:rj 
vari:.' :  ■:.- !:.  -':   :.j";.':.  1:;:  r. !:*  i:Ki:v:  i:;:;l>.a!:  :i- :  r.  v^-. 

+  z."-  -.  '•  :■.  '■■•".■■■  UN.  :ai.  ivc 
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Hi^krcciseiy  by  direct  experiments  on  single  muscles. 
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Flc-  17. — To  nhow  the  il«>crea«e  in  extent  of  contraction  of  the  K&:itrocnemiait  muaclfl 
if  B  Croc  vhli  incnaM  in  Itmd.     In  the  fii>t  rnntrmction,  to  the  rignt.  the  Imul  was  14.3 
■BiL     At  aaph  floeeeaive  contraction  the  Uta<\  wu»  inereaieil  by  5.3  num.     With  a  load  of 
JplcBMk  Ihe  Iwer  cave  only  ttkc  »«liiehte4t  indication  of  a  Khortening,  and  thin  may  baT« 
^^  dm  !■  Km*  MtanI  movement. 

1 

■  -■       ^       - 

1 

1 

_ 

1 

I 

1 

_ 

1 

■       T 

I 

1 

M  f  ■  1 1 

m 

~— 

n 

MJ 

- 

V 

^ 

V 

! 

■■ 
■■ 

■■ 
■■ 

m 

1 

1      1 
1      1 

^ 

I 

— 

■        -i.^ 

■^ 

1 

•f^ 

—  ^ 



5JI 

■i     1 

_ 

_ 

j^ 

^ . 

" 

"T 

L 

t 

\ 

LJ 

" 

'     i    1    1    1 

\ 

S. 

^_ 

1   !  M  1 

\ 

;"i 

lJ 

-U 

1 

\ 

_^ 

. 

^~~ 

I 

\ 

/    '  '  1     '  M  1  ' 

__ 

:^-L 

1 

"^1 

1  1  ;  1  \ 

[ 

1 

!  ) 

1  I  :\     "- 

1  ' 

.  1 

\ 

i 

I       \ 

1     Ml 

' 

_i 

— . 

1     j   "  t     i 

iV 

1  ' 

_ 

\^ 

\ 

1 

'    1  -l 

1 

1 

\ 

sss 

/A 

1             FSc-  IS.— The  ninre  of  work  obtained  by  plnltiriK  the  remits  nhnwn  m  Fie.  17.     The             ^^M 

■  kakiftl  eoolnrtkoD  wu  made  with  «  IumI  of  14.L*  fmm..  &nd  the  wnrk  done  in  Kntm-milli-              ^^H 

■  nit«»ii  is  repreaeoled  by  the  ordiiuil«  vrvrt«Ni  nt  ihM  p<iinc.     Th«  niaxinium  wurk  wa.-^  dune              ^^H 

■  rnHk  e  load  of  8H.A  gnuL,  and  the  absolute  |Jo\«-er  uf  thbi  particular  muittle  was  fouud  tu  be              ^^H 

■  eqval  to  183  gma.                                                                                                                                          ^^M 

muscle  may  be  isolated  and  the  extent  of  its  contractions  and  the          ^^ 
woric  done  may  be  estimated  tlirectly.     L'nder  such  conditions  it                J 
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will  be  found  that,  while  the  height  of  the  successive  contractions 
diminishes  as  the  bad  increases  (see  Fip;-  I"),  the  work  done — that 
i.s,  the  product  of  the  load  into  the  lift — finst  increases  and  then 
decreases.     For  example: 


Work  DoH€   in   Oram-millimeUrB. 
Load  in  Oranw.                 Lift  in  MiUimttera.  Load  x.  Lift. 

6  27.6  13^.0 

IS  25.1  376.5 

26  11.45  286.25 

85  6.3  220.5 


i 


A  series  of  experiments  of  thfe  kind  furnishes  data  for  construct- 
ing a  curve  .of  work  by  plotting  off  akm^  iht*  abscissa  at  equal  inter- 
vals the  e(|ual  increments  in  load  and  erecting  over  eacli  load  an 
ordinate  shctwing  the  projKirtional  amount  of  work  done.  The 
curve  has  the  general  form  indicated  in  Fig.  18.  Tliree  facts  are 
expressed  by  this  curve:  First,  that  if  the  muscle  lifts  no  weight 
no  work  will  be  done;  this  follows  th(?oretica]Iy  from  the  formula 
W  ^  LH,  in  which  \V  repre.sents  the  work  <lone,  L  the  load,  and 
H  the  lift.  If  either  L  or  H  is  eijual  to  zero  the  product,  of  course, 
is  zero;  that  is,  no  external  work  is  done;  the  cJiemical  energy 
Ulcerated  in  the  contraction  takes  the  ft>rm  of  heat.  I'nder  such 
circumstances  the  amount  of  heat  given  off  from  the  muscle  should 
be  greater  than  when  a  load  is  lifted.  In  accortlance  with  this 
fact  it  is  fotmd  that  a  nuisde  lifting  a  light  load  gives  off  more  heat 
during  the  contraction  than  when  Hfdng  a  heavier  load.  Second. 
There  is  an  optimum  load  for  each  nuLscle  with  which  the  greatest 
proportion  of  work  can  l>e  obtained.  Third.  When  the  load  is  just 
sufficient  to  counteract  the  contraction  of  the  muscle  no  work  is 
done,  H  in  the  above  fornuda  Ixmig  zero.  This  amount  of  load 
measures  wliat  Welder  called  the  absolute  |X)wer  of  the  muscle. 
As  will  he  seen  from  the  above  cur\'e,  it  is  measured  by  the 
weight  which  the  muscle  cannot  lift  and  which,  on  the  other 
hand,  cannot  cause  any  extension  of  the  muscle  while  contracting. 
Or,  in  more  general  terms  (Hermann),  the  absolute  power  of  a 
muscle  is  the  maximum  of  tension  which  it  can  reach  without 
altenition  of  its  natural  length.  This  aksokite  power  can  be 
nu^asured  for  the  muscles  of  different  animals  and  for  convenience 
of  corupari.sim  can  then  be  expressed  in  terms  of  the  cross-area 
of  the  mu.scle  given  in  square  centimeters.  Wei^er  has  shown 
that  the  absolute  power  nf  a  museje  varies  with  the  cross-are^,  since 
this  def)ends  upon  the  number  of  constituent  fibers  whose  united 
contraction  makes  the  contraction  of  the  muscle.  Expressed  in 
this  way,  it  is  found  that  the  absohite  jjower  of  human  muscle  is, 
size  for  size,  much  greater  than  that  of  frog's  muscle.  For  in- 
stance, the  absolute  power  of  a  frog's  muscle  of  1  square  centimeter 
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Imv-ftrea  is  etitimated  at  from  0.7  kilogram  to  3  kilograms^  while 
that  of  a  human  muscle  of  the  same  size  is  estimated  by  Hermann 
at  6.24  kilograms.  Taken  as  a  whole,  the  himian  muscle  is  a  belter 
marhine  for  work,  but  it  seems  possible,  although  exact  figures  are 
lacking,  that  the  absolute  power  of  the  muscles  of  some  insects 
reckoned  for  the  same  unit  of  crossr-area  would  be  murh  greater 
than  in  human  muscle. 

COMPOUND  OR  TETANIC  CONTRACTIONS. 

Definition  of  Tetanus  — Wlien  a  muscle  receives  a  series  of 
rapi*lly  rejjeat^d  stimuli  it  remains  in  a  comlition  of  contraction  as 
long  as  tlie  stimuli  are  sent  in  or  until  it  loses  its  irritability  from 
the  effect  of  fatigue.  A  contraction  of  this  character  Is  described 
as  a  compound  contraction  or  tetanus.  If  the  stimuli  follow  each 
other  with  sufficient  rapidity  the  muscle  shows  no  external  sign 
of  relaxation  in  the  intervals  l^etween  stimuli,  anil  if  its  contractions 
are  recorded  upon  a  k>Tnographion  by  means  of  an  a(  tidied  lever 
a  curve  is  obtained  such  as  is  shown  at  5  in  Mg.  19.  A  con- 
tx&ction  of  this  cfiaracter  is  descrilK'd  as  a  complete  tetanus.  If, 
bowever,  the  rate  of  stimulation  is  not  sufficiently  rapid  the  mus- 
cle will  relax  more  or  less  after  each  stimulus  and  its  recorded 
curve,  therefore,  will  present  the  appearance  shown  in  1,  2,  3,  and 
4  of  Fig.  19.  A  tetanus  of  this  character  is  ilescribed  as  an  incom- 
plete t«tanus.  It  Ls  obvious  that  according  to  the  mte  of  stinm- 
latioa  there  may  be  numerous  degrees  of  incomplete  tetanus,  as 
shown  in  Fig.  19.  extending  from  a  series  of  separate  single  con- 
tnctions.  on  the  one  hand,  to  a  perfect  fusion  of  the  contractions, 
a  complete  tetanus,  on  the  other.  Tetanic  contract  ions  present 
two  peculiarities  in  addition  to  the  mere  matter  of  duration, 
wiuch  is  governed,  of  course,  by  the  duration  of  the  stimu- 
lation: First,  the  more  or  less  complete  fusion  of  the  contrac- 
tions due  to  the  separate  stimuli.  This,  as  stated  above,  Is  the 
distinctive  sign  of  a  tetanus.  Second,  the  phenomenon  of  sum- 
mation in  consequence  of  which  the  total  shortening  of  the  muscle 
in  tetanus  may  be  considerably  greater  than  that  caused  by  a  maxi- 
mal simple  contraction. 

Summation. — The  facts  of  summation  may  be  shown  most  read- 
by  employing  a  device  to  send  into  the  muscle  two  successive 
illi  at  var}'ing  int^ervaLs.  If  the  second  stimulus  falls  into  the 
miisde  at  the  apex  of  the  contraction  caused  by  the  first  stimulus, 
then,  even  if  the  first  contraction  Ls  maximal,  the  muscle  will  shorten 
ftill  farther;  the  first  and  s€»cond  contractions  are  summated,  giv- 
his  a  total  shortening  greater  than  can  l)e  obtained  by  a  single  stim- 
ulus (see  Fig.  20).  The  extent  of  the  sumnmtion  in  such  cases 
iriries  with  a  numljer  of  conditions,  Huch  as  the  intervals  between  the 
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Ftc.  19. — AmUynia  of  tetanus.  Experiment  roadie  upon  the  malmcnemius  muaole  of* 
froic  to  show  that  by  incrc&flins  the  rate  of  atimtitation  the  contracttonn.  at  fimt  separata 
(n,  fuse  more  and  more  throuKh  a  series  of  incomplete  tetani  (2,  3,  4)  into  a  complete  tetanus 
(&)  in  irhicb  there  u  no  indication,  ao  far  as  tbe  record  (oea,  of  a  separate  eBeoi  for  aaoh 
•timulua. 


THE   PHENOMENON   OF   rONTRACTlON. 


41 


itirouli,  the  relative  strengths  of  the  stirniili,  the  load  carried  by  the 
mui*cle,  etc.  Taking  the  simplest  conditions  of  a  moderately  loaded 
musrle  and  two  maximal  stimuli,  it  is  found  that  the  greatest  sum- 
mation occurswhcn  the  stimuli  arc  sost)aced  that  the  second  contrac- 
tion tx^gin^at  the  apex  of  the  first.  If  the  stimuli  areclost-r  togother, 
to  that,  for  instance,  the  second  contraction  follows  shortly  after 
the  firet  has  begun*  the  total  shortening  is  less,  and  the  same  is  true 
to  an  increasing  extent  as  the  second  contraction  falls  later  and 
later  in  the  period  of  relaxation  after  the  first  contraction.*  If 
Instmd  of  two  we  use  three  succe-ssive  stimuli,  falling  into  the  muscle 


Ftg.  20. — Bufnmation  of  iwo  nicoe»ftUve  contraction^.  Curve  1  >howK  a  simple  oon- 
tnttiaa  due  to  •  >^tt|^  vchnulus,  the  latent  periiKl  being;  indiratftj  at  the  hcRinning  iff  the 
eontnctioa.     (^trw  2  ^lows  the  summation  due  to  two  ^uc^cedine  :^tiinuli. 


at  proper  intervals,  a  still  further  summation  occurs.  In  this  way 
the  total  extent  of  shortening  in  a  muscle  completely  tetanized  may 
be  several  times  as  ^reat  as  that  of  a  single  mnxinml  contraction. 

The  Discontinuous  Character  of  the  Tetanic  Contraction 
— The  Muscle-tone. — In  complete  tetanus  the  muscle  swms  to 
be  in  a  condition  of  continuous  uniform  contraction;  the  re- 
conled  cur\'e  shows  no  sign  of  relaxation  between  stimuli  and  no 
external  indication,  in  fact,  that  the  separate  stinudi  tio  more  than 
to  maintain  a  state  of  uniform  contraction.  It  can  be  shown,  how- 
ever, that  in  reality  each  stimulus  has  its  own  eflfect,  and  that  the 
rhemical  changes  underlying  the  phenomenon  of  contraction  are 
probably  not  continuous,  but  form  an  interrupted  series  correspond- 
ing, within  Umits.  to  the  series  of  stimuli  sent  in.  The  clearest 
proof  for  this  belief  is  found  in  the  electrical  changes  that  result 
from  each  stimulus,  and  the  facts  relating  to  this  side  of  the  question 
will  be  stated  subsequently  in  the  chapter  on  The  Electrical 
•  Von  Kries,  "Archiv  (iir  Phyaiologie."  1888,  p.  637. 
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Phenomena  of  Muscle  and  Nerve.  Another  proof  is  found  in  the 
phenomenon  of  tlie  muscle-tone.  When  a  muscle  is  stimulated 
directly  or  through  it,s  motor  nerve  a  musical  note  may  be  heard 
by  applying  the  ear  or  a  stetlioscope  to  the  mascle.  The  note  that 
is  heard  corre.^j>onds  in  pitrh,  up  to  a  certain  point,  with  the  num- 
ber of  stimuli  sent  in, — that  is,  the  muscle  vibrates,  as  it  were,  in 
unison  with  the  number  of  stimuli,  and,  although  the  vibrations 
arc  not  sufficient  to  affect  the  recording  lever,  they  can  be  heard 
as  a  musical  note.  ThLs  fact,  therefore,  may  be  taken  es  a  proof 
that  during  complete  tetanus  there  is  a  discontinuous  series  of 
changers  in  the  muscle  the  rate  of  which  corresponds  with  that  of  the 
stimulation.  The  series  of  electrical  changes  corresponding  with  the 
series  of  stinudi  sent  in  may  be  made  audible  by  applying  a  telephone 
to  the  muscle.  iMaking  ufie  of  this  method,  Wcdenski*  has  sho^-n 
that  the  ability  of  the  muscle  to  respond  isorhythmically  to  the 
rate  of  stimulation  is  limited.  In  frog's  muscle  the  pitch  of  the 
musical  tone  may  corres]x>nd  \vith  the  rate  of  stimulation  up  to 
about  2O0  stimuli  per  second.  In  the  muscle  of  the  warm-blooded 
animal  the  corres[K>ndence  n)ay  extend  to  about  1(X)0  stimuli  per 
second.  If  the  rate  of  stinndation  is  increased  beyond  these 
limits  the  musical  note  heard  does  not  correspond,  but  falls 
to  a  lower  piteji,  iniiicating  that  some  of  the  stimuli  under  these 
conditions  become  ineffective.  It  should  l:>e  added  that  the  high 
figures  given  above  for  the  correspondence  between  the  stimuli  and 
the  muscle-tone  hold  good  only  for  entirely  fresh  preparations. 
The  lability  of  the  muscle  quickly  becomes  less  as  it  is  fatigued:  so 
that  in  the  frog,  for  instance,  the  correspondence  in  long-continued 
contractions  is  accurate  only  when  the  rate  of  stimulation  does 
not  exceed  30  per  second. 

The  Number  of  Stimuli  Necessary  for  Complete  Tetanus. — 
The  number  of  stimuli  nocp.s.sar}-  tr»  produce  complete?  tetanus 
varies,  as  we  should  exjiect,  with  the  kind  of  muscle  used  and  in 
accordance  with  the  rapidity  of  the  process  of  relaxation  shown 
by  the.se  muscles  in  simple  contractions.  The  series  that  may  be 
arrangetl  to  demonstrate  this  variation  is  quite  large,  extending 
from  a  supposed  rate  of  3<X)  per  second  for  in.^ect  muscle  to  a  low 
limit  of  one  stimulus  in  5  to  7  seconds  for  plain  muscle.  The  frog's 
muscle  goes  into  complete  t^taniLs  with  a  rate  of  stimulation  of 
from  20  to  30  per  second.  Inasmuch  as  the  rapidity  of  relaxation 
of  the  muscle  is  mudi  retarded  by  certain  influences,  such  as  a 
low  temperature  or  fatigue,  it  follows  that  these  same  influences 
affect  in  a  corresponding  way  the  rate  of  stinndation  nece8flar>"  to 
give  complete  tetanus.     A  frog's  muscle  stimulated  at  the  rate  of 

*  Weiienski.  "Du  rhvtbme  tnuscuLaire  dans  U  contraction  uonnale," 
"Archivefl  de  phyaiologie,^'  1891,  p.  58, 
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10  stitnuU  per  second  nmy  record  an  incomplete  tetanus,  but  if  the 
stimulus  is  maintained  for  sonin  lime  the  tetanus  finally  Ijecornes 
complete  in  con-sequence  of  the  slowing  of  the  phase  of  relaxation. 
Volantary    Contractions. — After    ascertaining    that    muscles 
may  give  either  simple  or  tetanic  contractions  one  asks  naturally 
whether  in  our  voluntary  movements  we  can  also  obtain  l>oth 
warts  of  contractions.     In  the  first  place,  it  is  ohviotis  that  most 
of  our  voluntary  movements  are  too  long  continueil  to  be  simple 
contractions.     The  time  element  alone  woulii  plixce  ihem  in  the 
group  of  tetanic  contractions,  and  this  is  the  usual   eoudusiou 
regarding    them.      In    voluntary    movements    a    neuromuscular 
mechanusn  cornea  into  play.    This  mechanism  consists,  on  the 
motor  ride,  of  at   least  two 
oenre  unit«  or  neurons  and  the 
muscle,    as    indicated    in   the 
aeeompanying    diagram    (Fig. 
21).     If  in  onlinar\'  voluntary' 
movements  the  muscular  con- 
tractions are  tetanic,  we  must 
suppose  that  the  motor  nerve 
cells  discharge  a  series  of  ner\'e 
impulses   through    the    motor 
nerve  into  the  muscle.     The 
oontrartionof  voluntar>-  mascle 
has  been  inve^itigated  therefore 
in  x-arious  wavs,  to  ascertain  r-     „,     o ..  u      .u    • 

;     '  1-11  ^yt-  21.— Srhema  lo  show  the  innarv*- 

whether  there  IS  any  obtamable     i>on  or  th*  Rkeieiai  (voluntary)  muaoiM:  i, 

thi!  tnt«re«nlra.l   (.pvr&inidal)   iieuroa;    2*  tha 


criiienoe  of    the    num1)er    of    spioai  Muron: 
separate  contractions  that  are 

fused  together  to  make  this  nonnal  tetanus.  In  the  first  place, 
the  oonnal  movcment«  of  the  muscles  have  lM?en  recorded  graph- 
ically by  levers  or  tamlxjurs.  The  records  thus  obtained  show 
that  our  usual  contractions  are  not  entirely  complete  tetani, — 
that  is,  there  is  an  indication  in  some  part  of  the  curve  of 
the  single  contractions  tliat  are  being  fused.  According  to  most 
observers,*  these  reconis  show  that  our  nonnal  contractions  are 
compounded  of  single  contractions  following  at  the  rate  of  10 
per  second,  or,  in  other  words,  the  motor  neurons  discharge 
ahout  10  impulses  per  second  int«  the  muscle.  The  so-called 
natural  mascle-tone  has  Ijoen  used  for  the  same  purpose.  When 
one  plaioeB  a  stethoscope  or  lays  his  ear  upon  a  contracting  muscle  a 
low  tone  is  heard  the  pitch  of  which  corresponds  with  40  vibrations 
per  second.  It  is  assumed,  however,  that  this  note  does  not  represent 
the  actuiil  rate  of  stimulation  of  the  musrie,  since  the  number 
♦  Uonlcy  and  Schiifcr,  ''Journal  of  Physiology,"  7.  96,  li486. 
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is  higher  than  that  obtained  by  other  methods.  The  ear  cannot 
perceive  a  musical  note  much  lower  than  40  \ihrations  per  second, 
unci  if  the  muscle  were  really  vibrating  10  or  20  times  per  second 
we  could  not  perceive  this  fact  directly  by  the  ear.  Vibrating 
bodies,  however,  give  out  overtones  of  a  higher  piteh,  and  it  is 
supposed,  therefore,  that  the  normal  muscle  tone  (40)  represents 
either  the  first  (xrtave  nf  the  muscle  vibnitions^  20  per  second,  or 
the  .second  octave,  10  i)er  second.  Helmhollz  made  use  of  a  simple 
and.  direct  method  to  dL'termine  tliLs  point.  He  utilized  the  prin- 
ciple of  SA'mpathetic  vibrationis,  according  to  which  a  vibrating 
body  will  be  set  into  movement  most  easily  by  vibrations  that 
corre.sjx)n(i  in  numl>er  to  its  own  period.  Hclmholtz  attached  to 
the  muscle  watch  springs  that  had  difTerent  i>erirKlK  of  vibration 
and  found  that  when  the  muscle  was  contracted  the  spring  that 
vibrated  20  times  per  second  wa.s  set  into  most  active  movement. 
He  concluded,  therefore,  that  the  muscle  receives  20  stimuli  per 
second  in  ordinary  contractions  an<l  that  the  tone  that  is  heard, 
40  \ibrations  per  second,  rejiresents  the  first  overtone.  The  agree- 
ment among  the  results  of  those  who  have  made  graphic  records 
of  voluntary  contractions  would  leatl  us,  however,  to  supjMise  tliat 
10  stimuli  per  second  is  more  probably  the  true  rate  of  stimulation 
and  that  the  muscle-tone  heard  represents  the  overtone  correspond- 
ing to  the  second  octave  of  this  vibration.  It  is  to  be  borne  in  mind, 
however,  that  the  motor  nerve  cells  do  not  necessarily  discharge 
their  impulses  into  the  muscle  at  a  perfectly  uniform  rate.  The 
rate  is,  in  fact,  liable  to  vary  in  difTerent  individuals  or  in  the  same 
individual  under  different  circumstances.  Von  Krics.*  for  in.stance, 
states,  that  the  rate  of  stimvilation  in  voluntary  movements  may 
vary  according  to  the  character  of  the  movement.  In  slow,  sus- 
tained movements  the  rate  is  from  8  to  12  per  second,  while  in 
short,  sharp,  rhythmical  movements  of  the  finfiers  the  rate  may  be 
as  rapid  as  40  per  second.  The  fact  that  movements  of  this  latter 
character — the  trilling  movements  of  the  fingers  of  the  pianist, 
for  ia*itance — may  last  for  only  -jip-  of  a  second  or  less,  is  considered 
by  some  authors  as  a  proof  that  they  are  not  tetanic  contractions, 
and  that  therefore  we  can  voluntarily  make  either  long-continued 
tetanic  contractions  or  quick^  simple  contractions.  Von  Kries 
has  shown,  however,  that  when  these  quick,  rhythmical  movements 
of  the  fingers  are  recorded  the  eur\'es,  even  of  such  brief  contractions, 
show  that  they  are  short-lasting  tetani.  It  is  the  usual  belief, 
therefore,  that  all  voluntarj^  movements  are  tetanic  in  character 
and  that  it  is  not  pos-^ible  for  us,  by  a  so-called  act  of  the  will,  to 
cause  a  simple  contrac(ion» — that  is,  to  cause  the  motor  ner\'e  cells- 
to  discharge  a  single  motor  impulse.  This  general  conclusion  is  sup- 
•  Von  Kries,  '*  Archiv  fiir  Phyaiologie,"  auppl.  volume,  1886.  p.  1. 
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ported  by  the  results  of  artificial  stinnulation  of  the  motor  regions 
of  the  brain.  In  experiments  of  tlii.s  kind  made  by  Hors>Iey  and 
Schafer  it  was  shown  that,  at  whatever  rate  the  .stimuUis  might 
I  applied  to  the  motor  cells,  they  re^pf)nd('(l  by  motor  ilischarges 
about  10  per  second,  mi  far  as  this  could  l>e  determined  from 
the  contractions  of  the  muscle.  The  interesting  conclusion  from 
the  whole  discussion,  therefore,  is  tliat  our  motor  centers,  under 
the  stimulus  of  the  will,  discharge  motor  impulses  at  a  certain  low 
rate,  which,  while  somewhat  variable,  averages  in  ordinary  move- 
ments about  10  per  second. 

The  Ergograph, — Voluntary  contractions  in  man  may  be  re- 
corded in  a  gre^t  many  ways,  but  Mosso  has  de>ised  a  special  in- 


Fut-  22^^M'i  -"''-  ••nruffruph:  c  h  thr  mrriatTP  ninvinn  tn  find  fro  on  runnfr"  by  meukf 
of  the  cnni  li,  wlmh  i»!i-~4>-  from  the  carriaicc  (<■  it  holder  ulliichrd  tn  the  la^t  tno  (jluilun^Mi 
of  the  middle  finour  llUc  udjointDu  flucerA  ure  held  in  place  by  claiiipH) ;  p.  Ihc  writing  i>oint 
of  the  earrisffe,  c,  whieh  makes  the  record  of  itA  tuuveoicuts  on  tbie  kyioofcraphion :  u>,  the 
veicht  to  be  Uftetl. 


strument  for  this  purpose,  known  as  the  ergograph.  It  has  been 
much  used  in  quantitative  investigations  upon  muscular  work 
and  the  conditions  influencing  it.  The  aj»paratus  is  shown  and 
descril>ed  in  Fig.  22.  Tlio  person  exfjerimcntcd  upon  makes  a 
series  of  short  contractions  of  the  flexor  muscles  of  the  middle 
finger,  thereby  lifting  a  known  weight  to  a  definite  height 
which  is  recorded  upon  a  drum.  In  a  set  of  exi>eriments  the 
rate  of  the  series  of  contractions — that  is.  the  inter\'al  of  rest 
Ijctween  the  contractions — Is  kept  constant ,  as  alstj  is  the  load  lifted. 
Under  these  conditions  the  contractions  become  less  and  less  ex- 
tenhive  as  fatigue  comes  on.  and  finally,  vt-ith  the  strongest  voluntary 
effort,  the  contraction  of  the  muscles  is  insufficient  to  lift  the  weight. 
In   this  way  a  record  is  obtained  such   as  is  shown  in   Fig.  23 
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In  such  a  record  we  can  easily  calculate  the  total  work  done  by 
obtaining  the  product  of  the  load  into  the  lift  for  each  contrac- 
tion and  ;uidiap;  these  pnxiucts  together.  By  ihis  means  the 
capacity  for  work  of  the  muscle  used  can  be  studied  objectively 
under  vaning  conditions,  and  many  suggestive  results  have  been 
obtained,  some  of  which  will  be  referred  to  specifically.*  It  shoukl 
be  home  in  mind,  however,  that  the  ergojjniph  in  this  form  does 
not  enable  us  to  conipnte  the  total  work  that  the  muscle  is  cajialile 
of  [K'rforming.  It  is  obvious  that  when  the  point  of  complete 
fatigue  is  n-ached,  as  illustrated  in  the  record,  Fig.  23,  the  nuiscic  is 
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Fi«.  23.— Normal  Uiipio  eurve  of  tbe  flexor*  nf  the  iiiitlille  fiiiitrr  of  riKlit  huul.     Weight. 
3  kilognune,  cootractiocu  »C  tnCcrvBla  ui  two  ttefruiiLi. — {MiMOOioru.) 

still  capable  of  doing  work,  that  is  external  work,  if  we  replace  the 
heavy  load  by  a  lighter  one.  For  this  reason  some  investigators 
have  substituted  a  spring  in  place  of  the  load.f  giving  thus  a 
spring  ergogray)h  instead  of  a  weight  ei^ograph.  Although  with  the 
spring  ergogniph  ever>'  niuscidar  contraction  is  recorded  and  the 
entire  work  done  may  be  calculated,  it  also  possesses  certain  theo- 
retical and  practical  disadvantages,  for  a  discussion  of  which  refer- 
ence must  be  made  to  the  authors  last  quoted. 

•  MosBO,  "Archives  italiennes  de  bioloRie."  13,  187,  1S90:  also  "Archiv 
f.  Physiologie.*'  \sm,  p.  191,  342.  Lombard,  'Moumal  of  Physiology,"  13, 1, 
1892. 

t  Franz,  "American  Journal  of  Physiology,"  4.348. 1900;  also  Hough,  tWd., 
5,240,  1901. 
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The  weight  ergograph  has  .so  far  at  least  given  us  the  most  sug- 
gestive results.  Among  thet^^  the  following  may  be  mentioned: 
(1)  If  a  suffieient  interval  is  allowed  between  eontractions  no  fatigue 
is  apparent.  With  a  loatl  o{  tt  kilograms,  for  instance,  the  flexor 
sublimis  showed  nt»  fatigtit*  when  a  rest  of  H)  sen)nds  wus  given 
between  contractions.  (2)  After  complete  fatigue  with  a  given 
Ioa<l  a  ver\'  long  inten-^al  (two  hours)  is  necessar}'  for  the  muscle  to 
make  a  complete  recovery  and  give  a  second  reconi  as  extensive  as 
the  first,  (3)  After  complete  fatigue  efforts  to  contract  the  muscle 
greatly  prolong  this  period  of  complete  recovery, — a  fact  that  ileni- 
onstrates  the  injurious  effect  of  straining  a  fatigued  muscle,  (4) 
The  power  of  a  muscle  to  do  work  is  diminished  by  conditions  that 
depress  the  general  nutritive  state  of  the  body  or  the  local  nutrition 
of  the  muscle  used;  for  instance,  by  loss  of  sleep,  hunger,  mental 
activity,  anemia  of  the  muscle,  etc.  (5)  On  the  contrar}*,  im- 
proved circulation  in  the  muscle — produceil  by  ma.ssage,  for  ex- 
ample— increases  the  power  to  do  work.  Food  also  has  the  same 
effect,  and  some  particularly  interesting  oxjx^rimcnts  show  that 
sugar,  as  a  soluble  and  easily  absorbed  foodstuff,  tjuiekly  increases 
the  amount  of  muscular  work  that  can  be  jjerfonned.  (6)  Marke<I 
activity  in  one  set  of  muscles — the  use  of  the  leg  muscles  in  long 
walks,  for  example — will  diminish  the  amount  of  work  obtainable 
from  other  muscles,  such  as  those  of  the  arm.  It  is  ver\*  evident  that 
the  instnmient  may  be  used  to  advantage  in  the  investigation  of 
many  problems  connect-ed  with  gymnastics,  dietetics,  stimulants,* 
medicines,  etc.  A  point  of  general  physiological  interest  that  has 
been  brought  out  in  connection  with  the  um*  of  the  ergograph  calls 
for  a  few  words  of  special  mention.  Mfisho  found  that  if  a  muscle 
— €.  g.,  the  flexor  sublimLs — la  stimulated  ilirectly  by  the  electrical 
current  and  its  contractions  are  recorded  by  the  ergogmph,  it  will 
pve  a  curve  similar  to  that  figurei!  above  for  the  vohmtan'  con- 
tractions, except  that  the  contractions  are  not  so  extensive.  Under 
these  conditions  the  muscle,  when  completely  fatigued  to  electrical 
stimulation,  will  respond  to  voluntary*  stinudati(*n  from  the  nerv'e 
centers.  It  seems  hkely,  as  suggested  i>y  Hough,  that  this  result  is 
due  mainly  to  the  fact  that  the  electrical  current  can  not  Ixj  applied 
to  a  muscle  in  its  normal  position  so  as  to  excite  uniformly  all  the 
constituent  nuiscle  fibers,  although  it  is  also  quite  possible  that 
what  we  caII  the  normal  or  voluntarv'  stimuhis  is  more  effective,  or, 
to  use  a  physiological  term,  more  adequate  to  the  muscle  fibers  than 
theelectrical  shock.  On  the  other  hand,  after  fatigue  from  a  series 
of  voluntary  contractions  it  has  been  observed  that  the  muscle  will 
still  ^ve  contractions  if  stimulated  ilirectly  by  electricity.  This  fact 
has  l>een  interpreted  to  me^n  that,  in  the  neuromuscular  complex 
♦  Schunil>erg,  **.\rchiv  f.  Physiol./"  1899,  suppl.  volume,  p.  289. 
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involved  in  a  muscular  contraction — namely,  luotor  nerve  cell, 
motor  nerve  (iljcr,  ami  niuscK'  fiix-r — the  fiii^t  nametl  fatigues  most 
easily,  and  that  the  ordhittry  fatigue  curve  obtained  from  the  ergo- 
graph  does  not  re[>resent  pure  imisele  fatigue,  but  fatigue  of  the 
neuromuscular  ajijjaratus  us  a  whoh',  tlie  jMiint  of  complete  fatigue 
being  reached  in  the  neural  comix}nent  of  the  meclmnisni  before 
the  muscle  itself  loses  its  power  of  contraction.  Tins  interpreta- 
tion, however,  is  not  entirely  certain.  Keccnt  work  by  Wedenski 
has  called  attention  to  the  fact  that  in  the  neuromuscular  apparatus 
the  motor  end-plate  is  a  sensitive  link  of  the  chain,  antl  that,  when 
the  nerve  is  stimulated  strongly  with  artificial  stimuli  at  least,  this 
structure  fulls  into  a  condition  (parabiasis)  in  which  it  fails  to  con- 
duct the  neiTe  impulse  to  the  muscle.  It  may  Ik*,  therefore,  that 
in  sustained  voluntan-  contract ictns  the  end-plate  fails  first,  and 
thus  Ls  directly  re.sjxmsiljlo  for  the  appearance  of  fatigue.  This 
view  explains  rea<lily  why  in  such  conditions  the  mii.scle  Ls  still  irri- 
table todinH't  electrical  stimulation. 

Sense  of  Fatigue. — It  slutuld  be  noted  in  passing  that  in  con- 
tinued voluntary  contractions  we  are  conscious  of  a  sense  of  fatigue, 
which  eventually  leads  us,  if  |>o.ssible,  to  discontinue  our  efiforts. 
Tliis  sen.sation  must  arise  from  a  stimulus  of  sensor>'  nerve  fibers 
within  the  muscle  or  its  tendons,  and  may  be  regarded  as  an  impi:»r- 
tant  H'gulation  wheivby  we  arc  prevented  from  pushing  our  muscular 
exertions  to  the  pohit  of  ** straining." 

Muscle  Tonus. — In  addition  to  the  conditions  of  contraction 
and  of  relaxalii)n  the  living  nuiscle  exhiijits  the  phenomenon  of 
"tone."  Jiy  muscle  t(»ne  we  mean  a  state  of  c<in(inunus  short<»ning 
or  contraction  which  under  normal  conditions  is  slight  in  extent 
and  varies  from  time  to  thiie.  This  condition  is  deiK?ndent  upon 
the  connection  of  the  nuisclo  with  the  ner\*e  centers,  and  we  may 
assume  that  under  nonnal  circumstances  (he  motor  centers  are 
continually  discharging  subminimal  nerve  imj>ulses  into  the  muscles 
which  cause  chemical  changes  similar  in  kind  to  those  set  up  by 
an  oniinar}-  vohmtar>^  effort,  but  less  in  degree:  the  result  being 
that  the  muscles  enter  into  a  state  of  contrartidn  which,  while 
slight  in  extent ,  is  more  or  less  continuous.  According  to  this  view, 
the  whole  neuronm.scular  apparatus  is  in  a  condition  of  tonic  ac- 
tivity, and  this  state  may  be  referred  in  tlie  long  nm  to  the  con- 
tinual inllow  of  sensor>'  impulses  into  the  central  nervous  system. 
The  tone  of  any  particular  muscle  or  group  of  mu.scles  may  be 
'destroyetl,  therefore,  by  cutting  its  motor  nerve,  or  less  completely 
by  severing  the  sensorj'  paths  from  the  .same  region.  If,  for  in- 
stance, one  severs  in  a  dog  the  posterior  roots  of  the  spinal  ner\'es 
innen-ating  the  leg  there  will  be  a  distinct  l<iss  of  muscular  tone, 
although  the  motor  nerves  remain  intact.     While  we  speak  of  this 


THE  PHENOMENON  OF  CONTRACTION. 


muscle   tone  b»  a  state  of  continuous  contraction,  it  may  be 

that  the  apparrntly  uniform  condition  is  only  su|)orficiaI:  that,  in 

fact,  this  phenomenon  is  substantially  only  a  minimal  tetanus,  due 

to  a  aeries  of   feeble  but  discontinuous  stimuli  received  through 

the  motor  nen'e,  each  of  which  stimuli  seta  up  its  own  chemical 

daange  in  the  muscle.     However  this  may  be,  the  fact  of  muscle 

tone  is  imjxjrtant  in  a  numl>er  of  ways.     It  is  of  value,  without 

doubt,  for  the  normal  nutrition  of  the  muscle,  and,  as  is  explained 

in  the  chapter  on  animal  heat,  it  plays  a  ver>^  imjxjrtunt  ]>art  in 

M>ntroUing  the  production  of  heat  in  the  body.     The  extent  of  mus- 

cie  tone  varit*  with  many  conditions,  the  most  important  of  which, 

perhaps,   are  external    temi)oi'uturi^    and    mental   activity.     With 

reganl  to  the  first,  it  is  known  that,  as  the  external  teniperature 

falls  and  the  skin  becomes  chilled,  the  sensory  stimulation  thus 

produced  act*  uikju  the  nerve  centers  and  le-ads  to  an  ijicreased 

discharge  along  the  motor  paths  to  the  muscle.     'J'he  lone  of  the 

miL^cles  increases  and   may   pass  into  the   visible   movements  of 

shivering.     By  this  mean.s  the  proiltietion  of  heat  within  the  body 

is  increased,  as  it  were,  automatically.     Similarly,  an  increase  in 

nimtal   activity,  so-called   mental   concentration,   whether  of  an 

CsnotioTuil  or  an  intellectual  kind,  leads,  by  its  effect  on  the  spinal 

motor  centers,  to  a  state  of  greater  mu.scle  tonus,  the  increased 

mujieular  tension  i>eing,  as  it  were,  visible  to  our  eyes. 

The    Condition   of  Rigor. — When  the  muscle  substance  dies 
it  becotneB  rigid,  or  goes  into  a  comlition  of  rigor:   it  passes  from 
m  Quid  to  a  solid  state.     The  rigor  tliat  a|)[H'ars  in  the  muscles  after 
somatic  death  is  designated  usually  as  rigor  mortis,  since  its  occur- 
noce  explains  the  death  stiffening  in  the  cadaver.     It  is  charac- 
terised by  several  features;  the  mu.scles  become  rigid,  they  shorten, 
they  develop  an  acid  reaction,  and  they  lose  their  irritability  to 
fltimuli.     Whether  all  of  these  features  are  necessar\'  parts  of  the 
condition  of  rigor  mortis  it  is  difficult  to  say;   the  matter  will  be 
difCuaBed  briefly  below.     l*>ome  of  the  facts  which  liave  been  ob- 
maytd  regarding  rigor  mortis  are  a>*  follows:   After  the  death  of  an 
individual  the  muwles  enter  into  rigor  mortis  at  different  times, 
rttially  there  is  a  certain  sequence,  tlie  order  given  being  the  jaws, 
neck,  tmnk,  uppf»r  limbs,  lower  limbs,  the  rigor  taking,  therefore,  a 
descending  courw.    The  actual  time  of  the  appearance  of  the  rigidity 
raries  greatly,  however;   it  may  come  on  within  a  few  minutes  or  a 
numl>er  of  hotirs  may  elapse  lK»fore  it  can  Ik*  detected,  the  chief  de- 
termining factor  in  this  respect  l)eing  the  condition  of  the  muscle 
itwlf.     Death  after  great  mtiscular  exertion,  as  in  the  case  of  hunted 
acdmftb  or  soldiers  killeil  in  battle,  is  usually  followed  quickly  by 
mnseie  rigor;  indeed,  in  extreme  cases  it  may  develop  almost  imme- 
diately.    Death  after  wasting  diseases  is  also  followed  by  an  early 
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rigor,  which  in  this  ca,se  is  of  a  more  feeble  character  and  shorter' 
duration.    The  development  r>f  rigor  Is  very  much  luibtcned  by  many 
drugs  that  bring  about  the  rapid  death  of  the  muscle  substance,  such 
as  veratrin,  liyrlrocyanie  acit],  caffein.  and  chlnn»fonn.    A  frog's  mus- 
cle exposed  to  chloroform  vajwirgoes  into  rigor  at  4)nce  and  shortens 
to  a  remarkable  extent.     Rigor  is  said  akn  to  occur  more  rapidlv 
in  a  muscle  still  connected  with  the  central  nervous  .system  than 
in   one   whose   motor  nerve   has   been   severed.     After  a   certain 
inten^al,  which  also  varies  greatly, —from  one  to  six  days  in  human 
beings,— the  rigidity  passes  off.  the  muscles  again  become  soft  and 
flexible;   this  phenomenon  is  known  as  the  release  from  rigor.     In 
the  cold-blooded  animals  the  tievelopment  of   rigor  is  very  much 
slower  than  in  warm-blooded  animals.     Upon  an  isolated  frog's 
muscle  the  most  striking  fact  regarding  rigor  mortis  is  the  shortening 

Fijj.  114. — {."urve  of  noniitU  risor  niortLH,  f{u><trociiif!tiiiuN   ntiiHcle  of  frog.     The  curve 
w*/»  oblainwl  upon  a  k>-niijgraphion  makine  nne  revolution  in  eight  dayn.     The  mark*  on 
the  line  behtw  the  cun-e  indirate  intervals  (if  si.x  hours.     It  will  be  seen  that  the  shortenini 
required  eightwn  huum,  the  relaxation  about  seventy-two  hours. 

that  the  muscle  undergoes.     Tliis  shortening  or  contraction  comes 
on  slowly,  as  is  shown  in  the  accompanying  figure,  but  in  extent 
it  exceeds  the  simple  contraction  obtainable  from  the  living  muscle 
by  means  of  a  maximal  stimulus.     'Jlus  part  of  the  phenomenon 
is.  however,  much  less  marked  apparently  in  mammalian  musele» 
and  Folin*  states  that,  if  rigor   he  caused    in  frog's  muscle  by 
lowering  its  temperature  to  — ]o°  C,  the  nuuscle  Ix-comes  rigid 
merely  without  undergoing  any  shortening  or  change  in  translu- 
cency.     The  usual  explanation  that  is  given  of  rigor  is  that  it  18 
due  to  a  coagulation  of  the  fluid  substance,  the  muscle  jylasma,  of 
which  the  filwrs  are  constituted.     During  life  the  proteids  exist  in 
a  litjuid  or  viscous  conditiiin;    after  death  they  coagulate  into  a 
mA'ul  form.     This  view  is  referred  to  again  in  the  chapter  dealing 
with  the  chemistry  of  muscle  and  nerve;    it  has  received  much 
*  "AmericAn  Journal  of  Phvgiolojcy,"  9.  374,  1903.                          i 
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foppoit  from  the  investigations  of  Kiihne,*  who  proved  that  the 
nmscfe  plasma  is  really  coagulable.  After  first  freezing  and  mincing 
the  muaclcs  he  succecde<l  in  squeezing  out  the  plasma  from  the 
living  fibers  and  showed  that  it  subsequently  clotted.  While  the 
coagulation  theor>-  of  rigor  cxplaia**  the  greater  rigidity  of  the 
outscle,  it  i\ors  not  furnish  in  itself  a  8utLsfactor>'  explanation  of 
the  ahortening,  and  the  fact,  as  stated  above,  that  the  rigic^Uty 
Eoaj  oeeur  without  the  shortening  indicates  that  this  latter  process 
loay  pooaibly  be  due  to  changes  that  precede  the  appearance  of 
ngj<Iity.  In  addition  to  the  rigor  mortis  that  occurs  after  death 
xt  ordinary  temperatures  a  condition  of  rigor  may  be  induced 
mpidly  by  raising  the  temperature  of  the  muscle  to  a  certain  jwint, 
Ugor  induced  in  this  way  is  designated  as  heat  rigor  or  rigor  caloris, 
Uucfa  uncertainty  hat*  prevailed  as  to  whether  heat  rigor  is  ilifTerent 
atially  f rom  death  rigor.  According  to  some  physiologists,  the 
may  be  regarded  as  the  same,  the  heat  rigor  being  simply 
I  death  rigor  that  is  rapidly  developed  by  the  high  temperature, 
ihii  latter  condition  accelerating  the  chemical  changes  leading  to 
q^or,  as  ia  the  case,  for  instance,  in  the  action  of  chloroform.  This 
riew  XA  siupporteil  by  a  study  of  the  chemical  changes  that  take  place 
under  the  two  conditions,  as  will  be  described  later,  and  by  the  fact 
tliAt  »oroe  of  the  conditioa^  that  influence  one  phenomenon  have  a 
effect  upon  the  other.  For  instance,  death  rigor  Ls  accel- 
.  by  previrjits  use  of  the  mascle,  and  the  same  is  tnie  for  heat 
rigor.  While  a  resting  frog's  muscle  begins  to  go  into  heat  rigor, 
tf  Judged  by  the  shortening,  at  37*^  to  40°  C;  a  muscle  that  lias 
been  greatly  fatigued  shows  the  same  phenomenon  at  2o°  to 
27*  C.t  Acconiing  to  other  obser\'ers,  heat  rigor  is  duo  to  an 
ofdtnar>'  heat  coagulation  of  the  proteids  present  in  the  muscle 
tber.  It  has  been  pointed  out,J  for  instance,  that  in  frogs'  muscles 
three  different  proteids  are  known  to  l)e  pre^sent,  with  three  dif- 
ferent temperatures  of  heat  coagidation, — namely,  myogen  fibrin, 
W"  to  40^  C. ;  myosin.  47°  to  50°  C. ;  and  myogen,  58°  to  65°  C,  and 
that  when  the  living  muscle  is  heate<l  what  Is  ordinarily  de,signated 
u  the  contraction  of  heat  rigor  comes  on  at  the  first  temjjerature, 
W°  to  40°  C,  while  small  a<lditionaI  contractions  occur  at  the 
temperatures  of  coagulation  of  the  other  two  proteids.  This  view, 
Iwjwevcr,  does  not  make  clear  why  the  first  of  these  coagulatioa»s, 
Ihat  of  myogen  fibrin  at  40°,  should  produce  such  a  large  contrac- 
tion, 80  to  90  i)er  cent,  of  the  total  shortening,  although  this  proteid 
is  prosent  in  smaller  quantities  than  the  other  two.     As  long,  how- 

t  Ijitimrr,  "Amrriciui  Journal  <»f  Phyiioloji^v,"  2,  29.  1899. 
I  Tiradit*  And   Hichardaon,  "  PhtlorwiphifaJ  Troaa.,  Roy.  Soc,"  Ixindon, 
IHB».  191.  p.  VI7, 
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ever,  as  it  remains  uncertain  whether  or  not  the  shortening  and 
the  coagulation  are  necessary  features  of  death  stiffening,  it  8eenrL« 
premature  to  speculate  u|X)n  the  identity  or  difference  between 
the  coagulation  and  shortening  caused  by  death  and  the  similar 
phenomenon  caused  bj'  high  temperatures. 

PLAIN  OR  LONG  STRIATED  MUSCULAR  TISSUE. 

Occurrence  and  Innervation. — Plain  or  long  striated  muscu 
tissue  occurs  in  the  walls  of  all  the  so-called  hollow  viscera  of 
the  Ixxly,  such  us  the  arteries  mid  vehis.  the  alimentary  caual. 
the  genital  and  urinarj'-  organs,  the  l)ronchi,  etc.,  and  in  other 
special  localities,  such  as  the  intrinsic  muscles  of  the  eyeball,  the 
muscles  attached  to  the  hair  follicles,  etc.  In  structure  it  differs 
fundamentally  from  cross-striated  muscle,  in  that  it  occurs  in  the 
form  of  relatively  minute  cells  each  with  a  single  nucleus,  which 
are  united  to  form,  in  most  cases,  muscular  membranes  constituting 
a  part  of  the  walls  of  the  hollow  viscera.  These  muscle  cells,  in 
most  cases  at  least,  are  sJipjiliffl  with  nen'e  filx*rs  which  originate 
directly  from  the  sf>-called  synij>athetic  nerve  cells,  and  only  in- 
directly, therefore,  from  t!ie  central  nen^ous  system. 

Speaking  generally,  the  contractions  of  this  tissue  are  removed 
from  the  direct  control  of  the  ^\ill,  being  regulated  by  reflex  and 
usually  unconscious  stimulations  from  the  eontral  nervous  system. 
All  the  important  movenicnis  of  the  internal  organs,  or,  as  they 
are  sometimes  called,  the  organs  of  vegetative  life,  are  eflfect-ed 
thmngli  tlie  activity  of  this  contractile  tissue.  From  this  stand- 
point their  function  may  l>e  regarded  as  more  important  than  that 
of  the  mass  of  the  voluntary  musculature,  since  so  far  as  the  mere 
maintenance  of  the  life  of  the  organism  is  concerned,  the  proj^r 
action  and  co-ordination  of  the  movements  of  the  visceral  organs 
is  at  all  times  essential. 

Distinctive  Properties.— The  phenomena  of  contraction  showTi 
by  plain  muscles  are,  in  general,  closely  similar  to  those  already 
studietl  for  striated  muscle^  the  one  great  difference  being  the 
mnch  greater  sluggishness  of  the  changes.  Plain  mu.sdes  differ 
among  themselves,  of  course,  as  do  the  striated  muscles,  but,  sj>eak- 
ing  generalh%  the  simple  contractions  of  plain  muscle  have  a  ver\- 
long  latent  period  that  may  be  a  hundred  or  five  hundred  times 
as  long  as  that  of  cross-striated  muscle,  and  the  ]>ha.ses  of  shortening 
and  of  relaxation  are  also  similarly  prolonged;  so  that  the  whole 
movement  of  contraction  is  relatively  slow  and  gentle  (see  Fig. 
25).  Plain  muscle  responds  to  artificial  stinudi,  but  the  electrical 
current  is  obviously  a  less  adequate — that  is,  a  less  normal — stimukis 
for  this  tissue  than  for  the  striped  muscle.    The  amount  of  current 
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iry  to  make  it  contract  ia  far  greater.  The  amount  of  eon- 
inrtion  varies  with  the  strength  of  stimuhis, — that  is,  the  tissue 
p\^e»    MibmaximaJ   and    niaximal    contractions.     Two   successive 

I  AnnuH  properly  spaced  will  cau.se  a  larger  or  sumraated  contraction, 
uula  Heric?s  of  stinndi  will  give  a  fuseti  or  tetanic  oontractlon.  The 
mieoi  btimulation  neces.sar>'  to  produce  tt-tanu.s  is.  of  course,  much 

I  domt^r  than  for  cross-stripe<l  muscle.  The  sfomiu'h  musrle  of  the 
frog,  for  in;«itance,  require-s  only  one  stimuluh  at  each  five  sec- 
oodd  to  cause  totantis.*  A  distinguishing  and  inijwrlant  charac- 
(enstio  of  the  plain  muscle  is  it«  |X)wcr  to  remain  in  lone. — that 
is,  l<»  remain  for  long  periods  in  a  condition  of  greater  or  less  con- 

■   tmecion.     I)otihtU«s  this  tonic  contraction  under  normal  relations 

^kis  a*^uaJJv  dcfiendent  upon  stimulati<jn  received  through  the  ner- 


ai  Bznpla  oantmction  of  plain  muscle.     The  mirldle  lin«  »  the  time 

_.  marUttC  in tervftb  of  R  second.     The  lowermo^  Imr  milicui«n  at  the   brrak  Uw  mt>- 

nt  «limul»U(»n  (nliort-Ui^tiQC  tcUmising  rurreiit).    It  will  Ix*  t^ertx  that  the  luiptit  \>tni^\ 

bwp lining  tji  wtimaktiuo  and  beginuing  uf  contTartion  wait  equai  to  ahrrut  thrv« 


rcDlml  ncr\oifcs  system,  whether  in  or  out  of  the  body,  continues 
U>  exhibit  the  phenomenon  of  tone  to  a  remarkable  degree.  In 
HKwt  of  the  organs  in  which  [)lain  muscle  occurs  there  are  present 
ako  minicmus  nerve  cells,  and  it  is  therefore  still  a  question  as  to 
whether  the  tt)nic  clianges  shown  b^*  this  tissue  depend  uix)n  a 
pmperty  of  tlie  muscle  itself  or  upon  their  intrinsic  nerve  cells. 
Most  obaervers  adopt  the  former  view.  The  imjx)rtance  of  thi.^j 
,piopCTty  of  tone  in  the  plain  muscle  tissues  will  lie  made  fully 
ftppanent  in  the  descriptions  of  the  physiology  of  the  organs  of  cir- 
culation and  tiigc'siion.  Plain  muscle  may  exhibit  also  the  phenomc^ 
nan  of  rhythmical  activity, — that  is,  under  proper  conditions  it  may 

*  SehulU.  "Zur  Phymolofde  der  Ifingsgestreiften  (glatten)  Mtiskeln/* 
'*Af«hlv  f.  Pityaioloinc."  fiupul.  volume.  1903,  p.  1.  See  also  St«  wart,  "Amer- 
ica Joarnml  of  Pbytiiuloirv,'^  4,  1S5,  1900. 
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contract  and  relax  rhythmically  like  heart  tissue.*  Such  niov^enients 
have  l>ocn  observed  and  studied  upon  th(»  j>hiin  niuscle  of  the  ureter, 
the  hhulder,  the  esophagus,  stoniiich,  and  other  portions  of  the 
aliruenlary  caiial^  the  spleen,  tiie  I tlood- vessels,  etc.  '1  his  jmjpert\ 
eeenis  to  be  very  lauHpially  dislributetl  among  the  different  kintU 
of  plain  muscle  found  in  the  same  or  different  animals,  but  this 
fact  serx'es  only  to  illustrate  the  point  already  sulfieiently  empha- 
sized, that  grouping  one  kind  *if  ti.ssue — t.  g,,  plain  muscle — into 
a  common  class  does  not  signify  that  the  pR)]>erties  of  all  the  mem- 
bers of  the  group  are  identical.  7'he  question  as  to  how  far  the  phe- 
nomenon of  rhythini(^al  contraction  is  entirely  niuscularand  how  far 
it  dejK?nds  upon  intrinsic  nerve  cells  is  a  complex  one;  tlie  answer 
wnll  jirol>aljlv  var>'  for  (iifferent  organs,  and  the  subject  will  therefore 
be  considere<l  in  the  organs  as  they  are  treated.  ■ 

Cardiac  Muscular  Tissue. — As  the  muscle  cells  of  cardiac^ 
tissue  arc  .somewhat.  intcnt»c(liatc  in  stnicture  between  the  striated 
fillers  of  vohii»tar\'  muscle  and  the  cells  of  jjlain  muscles,  so  their 
physiological  fjrojjcrties  to  .some  extent  stand  bctwwn  these  two 
extremes.  The  rate  of  contraction,  for  instance,  while  slower  than 
that  of  the  fibers  of  skeletal  muscles,  is  more  rajiid  than  that  of 
plain  mascle.  The  most  striking  ])eculiarity  of  heart  muscle  is, 
however,  its  [xiwer  of  rhythmical  contractility,  and  this,  as  well  as 
its  other  i>ro|>crties,  are  so  directly  concerned  with  it,s  functions 
as  an  organ  of  circulation  that  they  may  be  discussed  more  profit- 
ably in  thiit  connection. 

Ciliated  Cells. — In  tlu^  mammalian  body  the  phenomenon  of 
contractility  is  exhibited  not  only  by  the  well-defined  muscular 
tissiie,  but  also  by  the  leuctK-ytes  and  especially  by  the  cilia  of  (he 
ciliated  e[)it helium.  Ei)ith(*lium  with  motile  cilia  is  found  hning 
the  mucous  membrane  of  the  air-passages  in  tlie  tnu-hea,  larynx, 
bronchi,  and  nose,  in  the  lacrimal  duct  and  sac,  in  the  genital  pas- 
sages, uterus  and  Fallojuan  tubes  and  the  tubules  of  the  epididymis, 
and  in  the  Eustachian  tube  and  part  of  the  middle  ear.  Similar 
cells  are  found  lining  the  ventricles  of  the  brain  and  the  central 
canal  of  the  cord.  The  cilia  in  this  latter  position  have  been  demon- 
strated to  be  motile  in  ihcfrog,  but  whether  this  is  true  fortlie  nrnni- 
mal  has  not  been  shown.  So  also  in  the  neck  of  the  uriniferous  tubule 
ciliated  cells  arc  said  to  occur,  but  whether  they  are  motile  or  not  has 
not  been  demonstrated.  In  the  internal  ear  and  th<'  olfactory- mucous 
membrane  the  so-calleii  sense  cells  are  also  ciliated,  hut  here  at  least 
the  cilia  are  probably  not  motile.  Ordinarily  each  ciliated  epithelial 
cell  carries  a  bunch  of  cilia,  all  of  which  contract  together,  but 
motile  protopliLsmic  prolongations  of  the  cell  may  occur  singly,  as 

♦Enffclrnann.  "Arcbiv  f.  d.  pw.  Physiolop..."  2.  243.  1S69.  Stiloa, 
"Amrr.  Jour,  of  n»vaioI(>gy,"  .'i.  33«.  1001. 
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y  ilhistmted  in  the  spermatozoa,  for  instance,  and  in  many  of  tlie 
protozoa  and  plant  eolL^.  In  tho  lower  fomis  of  life  cilia  play 
obvilnj!^ly  a  vor}'  imjxirtant  role  in  lo<*oniotion,  the  rapture  of  food, 
Aod  rpepinition,  and  their  form  and  manner  of  movement  var>' 
grmtly.  The  form  of  movement  or  manner  of  eunt  ruction  was 
fnnneriy  desrrilxxi  under  four  heads, — the  htxjk  form,  the  pen<luiar, 
ihe  undulut(>r>  or  wave-like,  and  the  funnel  form  or  infundibular}'. 
With  the  exception  of  the  sjx'rrnatozoa,  the  eilia  met  in  mam- 
mal-t  show  the  first  form  of  contraction.  The  little  processes  are 
contnirted  quickly  in  one  direction,  so  as  to  fonn  a  hook  shape, 
ami  then  relax  more  slowly,  the  relaxation  taking  several  times 
as  long  4i,s  the  contraction.  The  whole  movement  is  rhythmical  and 
vpr>*  rapid.  The  cilia  of  the  epithelium  of  the  frog's  phanmx  and 
Cj9ophagiis,  which  have  been  the  most  frequently  stu<lied  among 
the  higher  animals,  contract,  according  to  Kn^elmann,  at  the  rate 
of  12  limes  jjer  .**econd.  When  a  field  of  ejntlielium  is  oliM^rvetl 
under  the  microtscoix*  the  contructioas  pass  over  it  in  a  tlefi- 
nite  direction,  but  so  rapidly  tlmt  the  eye  is  not  abb  to  anah'ze 
item,  one  obtains  the  impression  simply  of  a  swiftly  flowing  current. 
Aa  the  rilia  begin  to  die,  their  movements  l)econie  less  rajiid,  and 
Ihr  miiurv  !»f  the  contractions  and  their  [>roprcss  from  cell  to  cell 
can  be  satisfactorily  determined.  In  the  mammalia  the  function 
qI  the  ciliated  epithelium  is  supjK>Red  to  Ijo  entirely  mechanical, — 
that  b,  they  move  along  substances  lying  ujmn  thenu  In  the  ovi- 
ducts they  move  or  help  to  move  the  ovum  toward  the  uterus, 
aiMi  in  this  fxjsition,  moreover,  their  motion  is  supposed  to 
guide  lije  spermatozo<in  from  the  uterus  toward  the  oviducts, — that 
the  resistance  offered  to  the  motile  sjjermatozoi'm  guides  its 
vcments.  So  in  the  respirator^'  [massages  foreign  particles  of 
various  sorts.  i<igether  with  the  secretion  of  the  mucous  glands, 
are  iiK>ve<l  toward  the  mouth,  the  effect  being  to  free  the  air- 
pUBBgcs  from  obstniction.  The  contraction  and  relaxation  of  the 
cilia  are  a-^sumed  lc»  Ik?  phenomena  of  essentially  the  same  order 
ae  tbow'  exhibited  by  the  muscle  tissue.  A  theor}*  that  will  ade- 
quately explain  one  will  iloiditless  be  applicable  to  the  other. 
Many  interesting  facts  have  l>een  established  regarding  ciliar\' 
movement-H.  The  contractions  of  the  cilia  in  any  given  iieM — 
the  trac?u'0,  for  instance — follow  in  a  definite  setpiencc  and  are 
CTKiniinaled.  The  waves  of  contraction  progress  in  a  definite 
dirpction.  Tlas  fact  increases  greatly  the  effectiveness  of  the  cilia 
in  performing  work.  Thus,  in  spite  of  their  extremely  minute  size 
it  is  f^iimaletl  iluit  an  area  of  a  square  centimeter  is  capable  of 
moving  a  loafi  of  33(5  K^ns.  The  contractions  arc  automatic, — 
I  I*,  the  fttimulus  causing  them  is  not  dei>?ndent  upon  a  con- 
■tion  with  the  nervous  system,  but  upon  processes  arising  within 
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the  cell  itself;  the  cilia  of  a  single  completely  isolated  cell  may 
continue  to  contract  vigorously.  The  movement  may  continue 
for  several  days  after  the  death  of  the  individual,  thus  again  showing 
the  physiological  independence  of  the  structure.  The  ciliated  cells 
may  conduct  a  stimulus  or  impulse  to  other  cells  even  after  its 
own  cilia  have  lost  their  contractility.  This  fact  is  particularly 
significant  in  general  physiology*,  as  it  aids  in  showing  that  the 
property  of  conductivity  which  is  exhibited  in  such  high  degree 
by  nerve  fibers  is  possessed  to  a  lower  degree  by  other  tissues. 
The  ciliary  movement  is  affected  by  variations  in  temperature,  and 
if  the  temperature  passes  beyond  an  optimum  point  the  cilia  fall 
into  a  condition  resembling  heat  rigor  in  the  muscle.  Their  move- 
ments are  affected  also  by  the  reaction  of  the  mediiun,  being  at 
first  accelerated  and  then  slowed  or  destroyed  by  a  slight  degree 
of  acidity  and  favored  by  a  very  slight  degree  of  alkalinity.* 

♦  References  for  physiolo^  of  ctUary  movement:  Verwom,  "General 
Physiology,"  English  translation  by  Lee;  Putter,  "Er^ebnisse  der  Physiol- 
offie,"  1902,  vol.  li,  part  ii;  Engelmann,  article,  "Cils  vibratils,"  in  Ridiet'a 
"Dictionnaire  de  Physiologic,"  vol.  iii,  1898. 


CHAPTER  n. 

THE  CHESnCAL  COMPOSITION  OF  MUSCLE  AND  THE 

CHEMICAL  CHANGES  OF  CONTRACTION  AND 

OF  RIGOR  MORTIS. 


Muscle  Plasma. — The  beginning  of  our  prcvsent  knowledge  of 
the  chemical  composition  of  mu^icle  is  found  in  some  interesting  ex- 
perimente  made  hv  Kuhne  ujwn  frog'-s  muscle.  Kiihne  froze  the 
living  muscle  to  a  hanl  mass,  cut  it  into  fine  shavings  with  cold 
luiives,  and  ground  the  pieces  thorouglily  in  a  cold  mortar.  The 
fine  rauHcle  snow  thus  obtained  was  put  under  high  pressure  and 
«  ll(|uid  expresjicd  which  was  assumed  to  represent  the  fluid  living 
substance  in  the  normal  fil)er.  This  luuscle  plii-sma  clotted  on  stand- 
ing, much  as  blood  docs,  the  nuisele  clot  shrinking  and  squeezing 
<iut  a  muscle  scrum.  Similar  experiments  liave  since  been  per- 
fonued  by  Halliburton*  on  mammalian  nmscle.  This  sjKintaiieous 
«kiiling  of  the  living  plasma  has  lx»en  held  to  be  importunt  in 
the  probable  cause  of  death  rigor. 
Jcmposition  of  the  Muscle  Plasma. — Using  the  term  mtiscle 
phsma  to  designate  the  entire  contents  of  the  muscle  filler  within 
the  aarcolenmia.  it  Is  obvious  that  it  should  contain  all  the  con- 
fltituenl^  that  pmijerly  Ijelong  to  the  nmscle.  in  Citntradistinction 
to  the  substances  found  in  the  connective  tissue  binding  the  muscle 
€hers  together. 

The  constituents  in  addition  to  water  that  are  known  to  occur 
in  mu**cle  are  ver>'  numerous  indeed,  and  difficult  to  classify.  They 
may  be  grouped  under  the  following  head^:  (1)  Proteids.  (2)  Car- 
liohydrates  and  fats.  (3)  Nitrogenous  waste  products.  (4)  Special 
i2li8taneos,  such  as  lactic  acid,  inoaite,  inosinic  acid,  phosphocamic 
cid.  (5)  Pigments.  (6)  Ferments.  (7)  Inorganic  sahs.  Ver>' 
little  that  ]s  panitive  can  be  stated  regarding  the  physiological  role 
moHt  of  these  constituents,  the  interest  that  attaches  to  them 
present  lx*ing  largely  on  the  chemical  sitle. 
The  Muscle  Protcids.t — The  proteids  of  the  muscle  have  been 
intvligatetl    by   a   nurnl>er  of  obser\'ers,  but   unfortunately   the 

•  H»llil»urvin.  "Jounial  of  Physiology,"  8.  133.  18.SS. 

t  Von  Furth.  "Archiv  f.  exper'Path,  u.  Pharmakol..'*  36.  i31.  1895.  See 
*k>  U&lliburton.  ''Jounial  of  Physiology."  S,  133,  1888;  and  Stewart  and 
8oQmAn,  ibid.,  24.  427,  1899. 
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t€rminolog>'  employed  has  not  been  uniform,  and  the  facts  so  fai 
as  they  an?  known  to  us  seem  to  l^e  obviously  incomplete.  Ac- 
rordirif?  to  von  Fiiitli,  two  i>rotfM(ls  may  Ix*  ol>tainetl  from  mam- 
iimlian  iiuusc^le  Ky  extracting  it  with  dilute  saline  ^uhitions, — namely, 
myosin  and  myogen,  the  latter  existing  to  three  or  four  times  the 
amo\mt  of  the  former.  Myosin  belongs  to  the  globulin  group  of 
protoids  (see  tipf>en(iix):  it  Is  eoaguhited  by  heat  at  44°  to  5CI°  C, 
it  is  precipitated  by  dialysis  or  b3'  weak  acids,  it  Is  easily  precipi- 
tated from  its  solutions  by  atkling  an  excess  of  neutral  salt^,  such 
as  sodium  chlorid,  magnesium  or  ammonium  sulphate.  With 
the  last  salt  it  is  completely  precipitated  when  the  salt  is  added 
to  one-half  saturation  or  less.  Its  most  interesting  projwrty,  how- 
ever. Ls  that  on  standing  at  or{Iinar>'  temperatures  it  passes  over 
into  an  insoluble  motiification  which  separates  out  as  a  sort  of 
clot.  Following  the  teniunologA'  m^d  for  tin-  btood,  this  insoluble 
nuulification  is  called  myosin  fibrin.  Myogen.  the  other  proteid, 
seems  to  full  into  the  gn>up  of  albumins  rather  than  globulins. 
It  is  not  precipitated  i>y  dialysis  and  reijuires  more  than  half 
saturation  with  ammonium  sul|3lmte  for  its  complete  precipitation. 
It  is  coagulated  by  heat  at  a  temperature  of  55°  to  G5"  C.  Solutions 
of  myogen  on  standing  also  undergo  a  species  of  clotting,  the  in- 
soluble protetd  that  Ls  fonne<l  in  this  case  being  called  myogen  fibrin. 
It  ajjpcars,  however,  that  in  changing  to  myogen  fibrin  the  myogen 
passes  through  an  intermediate  stage,  designated  as  soluble  myogen 
fibrin,  in  which  its  teini>eraturc  of  heal  coagulation  is  as  low  sls 
30°  to  4^)°  C— the  lowest  tcmi)eraUire  recorded  for  any  protcid. 
As  was  stated  in  the  ]Miragraph  on  muscle  rigor,  it  is  known  tliat 
frog's  muscle  goes  into  heal  rigor  at  about  37°  to  40°  C,  and  in 
accordance  with  this  fact  it  is  staled  that  this  proteid,  soluble 
myogen  fibrin,  which  L^  not  present  in  mammalian  muscle,  occurs 
normally  in  the  muscle  of  the  frog  and  ab^o  of  the  fishes.  On  the 
basis  of  these  facta  the  rigidity  of  death  rigor  is  explained  by  as- 
suming that  both  of  thest^  proteitts  exist  in  the  living  muscle,  and 
that  after  death  they  undergo  a  partial  or  complete  coagulatioa 
according  to  the  following  scheme: 

Mvosin.  Mvogcn. 

'i  'I 

Myosin  fibrin.  SoUible  mvogen  fibrin. 

"^ 

M\ogen  fibrin. 

In  the  dead  muscle  we  should  find,  therefore.,  the  insoluble 
myosin  fibrin  and  myogen  fibrin,  together  with  more  or  leas  of  the 
original  myosin  and  myogen,     Myogen  is  said  not  to  occur  in  the 


•^ 


THE   CHEMISTRY   OK   MVSCLE. 


I 

muse 


muscl4?»  of  the  invertebrates.  It  should  Ix?  added  that  after  the 
mtwit  complete  extraction  with  Baline  the  muscle  fil>ors  still  retain 
much  proteid  material,  anii  its  stnirtural  apjKPanince,  sf)  far  as 
cros^-striation  is  concerned,  reniaiiis  unaltered.  I'he  ix)nion  of 
j)roteid  material  thus  left  in  tiie  muscle  fiber  ai>  a  s*irt  of  skeleton 
framework  i»  de>agnated  aj>  the  muscle  stroma.  It  is  not  soluble 
iij  ptolutions  of  neutral  salts,  but  dissolves  readily  in  solutions  of 
dilute  alkalies.  It  Is  at  present  uncertain  whether  the  myosin  and 
myogen  represent  the  proteid  constituents  of  the  contractile  ele- 
ments of  the  muscle  fibers  or  of  the  undilTerentiated  |xirtion,  the 
sarcoplagm.  The  proteids  of  plain  muscle  tissue  and  of  cardiac 
muscle  have  not  received  so  much  attention  as  those  of  voluntary 
mu£«lc.  it  is  stated,  however,  that  the  proteids  extracted  froUA 
these  tissues  by  salt  solutions  are  coagulahte  on  standing,  as  in 
the  caee  of  the  extracts  of  voluntar>'  muscle.  In  plain  muscle 
two  pnitcids,  in  addition  to  some  nucleoproteid,  are  tleseribed, 
one  belonging  to  the  albumin  and  one  to  the  gloljulin  class,  but 
the  itlentity  or  relationship  of  these  proteids  to  those  above  de- 
scribed has  not  Ijeen  established.  In  heart  muscle,  myosin  and 
n^'Ogen  occur  in  practically  the  same  proportions  as  in  voluntary 
muscle.* 

The  Carbohydrates  of  Muscle. — Muscle  contains  a  certain 
lunt  of  sugar,  dextrose  or  dextrose  and  Lsomaltose,  and  also 
r  normal  conditions  a  considerable  quantity  of  glycogen,  or 
fltMSiUed  animal  starch.  The  formation  and  the  consumption  of 
glycogen  in  the  body  constitute  one  of  the  most  interesting  chapters 
ia  the  physiokig>'  of  nutrition,  and  the  relatioas  of  glycogen  will 
hi*  treAte<l  more  fully  under  that  head.  It  may  he  stated  here, 
however,  that  the  nuiscular  tissue  has  the  power  of  converting  the 
gar  bn night  to  it  by  the  bloo<l  into  glycogen.  This  glycogenetic 
of  the  muscle  is  represented  in  principle  by  the  reaction 


I>eitrow. 


c,n,A. 

Glycoien. 


Tlie  glycogen  thus  formed  is  stored  in  the  mtisele  and  forms 
a  constant  constituent  of  well-nourished  muscle  in  the  n^stuig 
condition,  the  amount  varv'ing  between  0.5  and  0.9  per  cent,  of 
Ihe  weight  of  the  muscle.  The  glycogen  thus  stored  in  the  muscle 
it  (?on.Mimed  by  the  tissue  during  its  activity,  and  it  Is  assimied 
ihat  before  it  is  thus  consumed  it  is  converted  back  into  sugar. 
The  glycogen,  therefore,  itself  represents  a  local  defM)sit  of  carbri- 
liydrate  nutritive  iiuitcrial,  resembling  in  this  respect  the  fat.  The 
sugar  and  the  glycogen  must  Ik'  considered  as  one  from  the  stand- 

•  Vmcont  And  Uwis.  "Joumnl  of  Phv8ioIog>';'  26.  445.  1901;  also  "  Zcit- 
nMfl  f.  pbymok»g.  Cheraie/'  34.  417,  l'901-2;    and  Stewart   and  Sollman, 
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point  of  the  nutrition  of  the  muscle.  During  muscular  activity 
the  .store  of  glycogen  is  used  up,  and  if  the  activity  is  sufficiently 
prolonged  may  Ije  made  to  disappear  entirely.  Among  the  many 
uncertain  and  contradictory*  statements  regarding  the  chemical 
changes  in  active  muscle,  this  fact  stands  out  in  pleasant  contrast 
as  oiu'  that  is  satLsfactorily  dcnionstrat-ed. 

Phosphocarnic  Acid  (Nucleon). — A  i^eculiar  substance  con- 
taining phosphorus  was  discovered  by  Siegfried  in  the  muscle  ex- 
tracts.* 'J'his  substance  seems  to  resemble  the  proteids,  but  has  a 
complex  and  i>eculiar  stmcture,  as  is  sho\\'n  by  its  split  products 
when  hydolyzed  by  boiling  with  bar>ta  water.  I'ndcr  these  condi- 
tioas  there  are  fonned  carlwn  dioxid,  phosphoric  acirl,  a  carbohy- 
drate body,  succinic  and  lactic  acids,  and  a  cr^'stallizable  nitrogenous 
acid  body  which  is  designatcil  ascarnicucid  (C,f,H,j;N\03).  Siegfried 
assumes  that  tliis  latter  suiistance  is  identical  with  one  of  the  pep- 
tones (antipeptone)  fonned  during  digestion,  and  conceives,  there- 
fore, that  his  phosphocarnic  acid  is  a  complex  substance  built 
up  fmm  a  pt-ptouc  anda  pho.sphonis-coiitaiiiing  compoun<I.  Com- 
pounds of  simple  ]>roteicIs  with  phosphorus-containing  Ixxlies 
(nucleic  acids)  arc  designated  usually  as  nucleins;  for  this  coni- 
|30und  of  a  peptone  with  a  phosphonis-containing  complex  Sieg- 
fricil  suggests  the  name  of  nucleon.  By  the  addition  of  ferric  , 
chlori<l  the  nucleon  is  procij)itatetl  readily  from  muscle  extracts' 
as  an  imn  coni|>ound.  carnifeiriti,  and  under  this  name  has  come 
into  the  market  as  a  presumably  efiicient  therajx^utic  preparation 
of  iron.  The  discoverer  of  nucleon  has  attributed  to  it  a  very- 
great  physiological  inii>ortancc,  as  a  source  of  energy  to  the  muscle, 
and  as  an  efficient  means  of  transportation  of  iron,  calcium,  potas- 
sium, and  magnesium  into  (he  muscle  substance,  particularly  in  such 
|Articlcs  of  diet  as  soups,  bouillons,  meat  extracts,  etc.  It  must  be 
Vktated,  however,  that  there  still  remains  some  doubt  as  to  the 
chemical  individuality  of  the  nucleon  t)r  the  nucleoas,  their  existence 
in  normal  inu.sde,  and  their  physiological  role.  The  substance, 
whether  a  well-tlefineil  chemical  indiviitual  or  not,  is  most  interest- 
ing. Its  proixirties  are  such  as  would  aid  in  explaining  the  occur- 
rence of  some  of  the  known  products  of  the  rhomical  changes  during 
contraction;  but  obviously  further  investigation  is  still  needed 
Ijefore  such  an  application  can  be  made  with  confidence. 

Lactic  Acid  (CyijOj). — Lactic  acid  is  found  in  varjdng  amounts 
in  the  extracts  of  muscle.  "^I'hc  acid  that  is  obtaineil  is  the  so-called 
ethidenc  lactic  acid  or  a-hydroxypropionic  acid  (CH^jCHOHCOOH), 
and  differs  from  the  luctif*  acid  as  found  in  sour  milk  in  that  it  ro- 
tates the  plane  of  polarized  light  to  the  right.     The  lactic  acid  in 

♦  Siegfrietl,  "ZeitMchrift  f.  physiol.  Chemie,"  21,  360»  1S96;  also  28,  52-1, 
1899. 


THE  CHEMISTRY   OF  MUSCLE. 


fll 


eouT  milk  is  produrcil  by  bacterial  fermentation,  and  is  inactive  to 
plarizeii  light,  because  it  exlstn  in  racetnit-  ffinii;  that  is,  it  con- 
8isst4?  of  cHjtial  amounts  of  the  right-handed  form  whit-h  turns  the 
plane  of  polarization  to  the  right  and  of  the  left-han(]ed  fnnn 
nrhkh  turns  it  U)  the  left.  In  the  muscle  the  right-handed  form 
b  found  mainly  or  only,  and  ihih  form  therefore  is  freijuently 
dc»ignat4Hl  ;is  sarcolactic  (or  paniLictic)  acid. 

The  Nitrogenous  Extractives  (Nitrogenous  Wastes). — 
Uu.'V'Ir  extraclJ*  contain  numerous  cr\'stalli2al)le  nitrogenous  snd»- 
«tAnce8  which  are  regarded  avS  the  cn(l-products  of  the  disit-^simila- 
■tion  or  caLalM)ILsm  uf  the  living  proteid  material  of  the  muscle. 
The  number  of  these  substances  that  has  l:)eeu  found  in  traces  or 
weighablc  quantities;  Is  rather  large.  They  have  aroased  great 
iniervs«l  !)eenuse  their  structure  throws  some  light  on  the  nature 
.i)i  protoi<i  catiil>oli>?m.  'Hie  one  that  occurs  in  largest  amoimt  is 
emit  in.  C.H^N'jOj,  or  methyl-guanidin-acetic  acid,  NHCNHjNCHg- 
CH^CXJOH.  Creatin  may  be  present  in  amount.s  equal  to  0.3  per 
l«rnt.  of  the  weight  of  the  mascle.  It  Ls  given  off  to  the  blood 
od  eventually  excreted  in  the  urine  as  creatinin  (C^HyXjO)*  which 
1  from  creatin  by  the  loss  of  a  molecule  of  water.  I'he 
(  .  itself  may  occur  in  the  muscle  in  small  <|uantitics.     In 

addiUon  there  i:*  a  group  of  bodies  suppascd  to  represent  the  end- 
pnxlucts  of  the  breaking  up  of  the  nucleirts  of  the  muscle  all  of 
which  l>elong  to  the  so-called  purin  baises.  These  are:  Trie  acid 
(C,H..\\0,),  xanthin  (C,H,N/3,).  hypoxanthin  (C,H<\/)).  guanin 
(C»Hj\4U),  adenin  (C.'JI.NJ,  and  camin  (C^H.X/),).  They  will 
be  Tvfcrred  to  more  fully  in  the  section  on  nutrition.  Still  other 
bodies  of  similar  physiological  significance  have  been  descrilM?d 
frwn  lime  to  time.  These  nitrogenous  extracts  are  found  in  the 
varioua  meat  extracts*  and  meat  juices  used  in  dietetics.  While 
^they  poenes8  no  direct  ntitritive  value,  it  seems  probable  (see 
ipter  on  gastric  digestion)  that  they  may  be  very  effective  in- 
*ljrrctly  b\  stimulating  llie  secretion  of  the  gastric  glands. 

Pigments. — The  red  color  of  many  mu.^icles  is  believed  to  be 
<iue  to  the  presence  of  a  special  pigment  which  resembles  in  ita 
^•tnicture  and  its  profjertios  the  hemoglobin  of  the  red  blood 
orpuacle^,  and  perhaps  is  iflenlical  with  it.  This  pigment  Is  known 
myohenmtin  or  myochrome.  It  l)elonjrs  presumably  to  the 
xp  of  iM>called  rcs;piratory  pigments,  which  have  the  property 
of  holding  oxygen  in  loose  combination,  and  by  virtue  of  this 
property  it  takes  part  in  the  al>sorptif»n  of  oxygen  by  the  muscular 
tisAie. 

Enz3anes. — A  nural»er  of  unorganized  ferments  or  enz\'mes 
have  Inxu  deMrrilx^J  by  one  observer  or  another.  In  this  tissue 
is  in  othefB  the  proceases  of  nutrition  seem  to  be  connected  with 
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the  development  of  special  enzymes.  A  proteolytic  enzyme  capable 
of  digesting  proteids  has  been  descril^ed  by  Briicke  and  others; 
an  amylolytic  enzyme  capable  of  converting  the  ghcogen  to  sugar 
by  Na.sse;  a  glycolytic  enzyme  capable  of  destroying  the  :siigars 
by  Brunton,  Cohnhcim^  and  others;  a  Upwx  capable  of  splitting 
the  fatH  by  Kajstle  and  Ix)evenhart;  and,  finally,  a  coagulating 
enzyme  responsililc  for  the  coagulation  of  the  muscle  plasma  after 
death  by  Halliburton. 

The  Inorganic  Constituents. — Muscle  tissue  contains  a  number 
of  salty,  chiefly  in  the  form  of  the  chlorids,  sulphates,  and  phos- 
phat<>s  of  sodium,  potassium,  calcium,  magnesium,  and  iron.  As 
in  other  tissues,  the  jjotassium  salts  predominate  in  the  tissue  itself. 
These  inorganic  con.stitueuts  are  most  iniiwrtant  to  the  normal 
activity  of  the  muscle,  and,  indeed,  in  two  ways:  first,  in  that  they 
maintain  a  normal  osmotic  pressure  within  the  substance  of  the 
fibers  and  thus  control  the  exchange  of  water  with  the  sur- 
rounding lyn)ph  and  Ijlood;  second,  in  that  they  are  neeessar>' 
to  the  normal  stnicture  ami  irritability  of  the  living  muscular 
lisgue.  Serious  variations  in  the  relative  amounts  of  these  sahs 
cause  marked  changes  in  the  properties  of  the  tissues,  as  is  ex- 
plained in  (he  section  on  nntrition,  in  which  the  general  nutritive 
unportancp  of  the  salts  is  diKcussed,  and  also  in  connection  witb 
the  cause  4>f  the  rhythmical  activity  of  the  heart. 

Chemical  Changes  in  the  Muscle  during  Contraction  and 
Rigor.-  Fcrhajjs  the  mowL  signifirant  change  in  the  muscle  during 
contracliun  is  the  jfroduction  of  cftrbon  ditixid.  After  increased 
muscular  activity  it  niay  be  shown  tliat  an  animal  gives  off  a 
larger  amount  of  carlwn  dioxid  in  its  expired  air.  In  such  cases 
the  carbon  dioxid  pro<hiccd  in  the  nmscles  is  given  off  to  the 
blood,  carried  to  the  lungs,  and  then  exhaled  in  the  expired  air. 
Pettenkofer  and  Volt,  for  instance,  found  that  during  a  day  in 
which  much  muscular  work  was  done  a  man  expired  nearly  twice 
as  much  C(Jj  as  rhjring  a  rt».Hting  day.  The  same  fact  can  be 
nhown  directly  up(jn  an  isolated  muscle  of  a  frog  made  to  con- 
tract by  electrical  stimulation.  The  carbon  dioxid  in  this  case 
diffuRCH  out  of  the  muscle  in  part  to  the  surrounding  air,  and 
in  part  remains  in  solution,  or  in  chemical  combination  as  car- 
bonaten,  in  the  Ii<iuitls  of  the  tissue.  It  has  been  sho\sTi  by 
Hermann*  and  otliers  that  a  muscle  that  has  been  tetanized  gives 
off  more  fiarlHui  dioxid  than  a  resting  muscle  when  their  contained 
fEAMCN  aw  extracted  by  a  gas  pump.  This  ClJj  arises  from  the 
rfxidation  of  the  carbon  of  some  of  the  constituents  of  the  muscle, 
and  itH  exiMtence  is  an  indication  that  in  their  final   products  the 

*  Hrrnitinn,  "  Unlcrsuciuinpni  iiberdeii  Stoffwecliwl  der  Muskein,  et-c.," 
Berlin.  I  HOT. 
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fttaoges  in  the  muscle  are  equivalent  to  those  of  ordinary  combus- 
twn  at  high  temp)eraturcs,  the  luirning  of  wootl  or  fats,  for  instance. 
3Ioreover,  the  formation  of  the  CO,  in  the  muscle  is  accompanied 
by  the  prrwluction  of  heat,  as  in  combustion;    and  for  the  same 

lunt  of  C(),  producetl  in  the  two  cases  the  same  amount,  of  hejit 
liberatotl.  It  has  Ijeen  shown,  however,  in  the  frog's  muscle 
frwthly  removed  from  the  body,  tliat  the  CO3  Ls  produfed  whether  or 
oxygen  i:^  supplieii  to  the  muscle, — that  is,  when  the  muscle 
to  contract  in  an  atmosphere  containing  no  oxygen^  or 
m  a  vacuum.  In  this  res|x?ct  the  |)ura!lol  i>t*tween  physiological 
oxidation  and  ordinary'  combustion  fails.  Wood,  oil,  and  other 
GondMUtible  material  cannot  be  burnt  at  high  lenipc^rulures  hi 
the  absence  of  oxygen.  We  must  believe,  therefore,  that  in  the 
muMle  there  is  a  supply  of  stored  oxygen,  and  that  the  muscle 
will  give  off  Co,  as  long  as  this  supply  lasts.  One  sugge.stion 
that  is  made  is.  that  the  oxygen  Ls  stored  as  intramolecular  oxygen, 
— that  is,  the  oxj'gen  taken  in  by  the  muscle  tissue  while  the  blood 
m  circulating  through  it  normally,  is  as^iniilat rd  or  conihinecl  by 
the  living  molecules.  When  these  molecules  break  tlown  as  a  con- 
sequence of  the  stimulus  applied  to  the  muscle  the  excess  of  oxygen 
uziiteB  with  some  of  the  carl^on  to  form  the  CO,.  The  oxidation, 
>»H^tM^  of  l>eing  direct,  as  in  the  case  of  combusttonn,  Ls  indirect. 
This  and  other  views  regarding  the  nature  of  the  oxidations  in 
the  bo<iy  are  tn^ated  in  the  six'tion  on  nutrition. 

The  oxygen  Ls  absolutely  necessanr'  to  the  normal  activity  of 
the  muscular  tissue,  but  the  iLssue,  by  storing  the  oxygen,  can 
function  for  some  time  when  the  supply  is  susjjended.  As  Pfliiger 
his  expreaaed  it,  in  a  most  interesting  pajx^r,*  the  oxygen  Ls  like 
the  spring  to  a  clock:  once  wound  up,  the  clock  will  go  for  a  cer- 
tain time  without  further  wuuling.  It  must  be  lx)me  ui  mind, 
however,  that  different  tissues  show  considerable  variation  in  the 
lime  during  which  they  will  function  normally  after  susi)ension 
of  their  oxygen  supply.  The  cortex  of  the  brain,  for  instaneCp 
loan  it«  activity. — that  is,  unconscioiLsness  ensues,  almost  inune- 
diately  upon  cessation  or  serious  diminution  in  the  supply  of  btofwl. 
In  the  cold-blooded  animals,  ^^^th  their  slower  chemical  changes, 
the  supply  of  stored  oxygen  maintains  irritability  for  a  longer 
tiroe  than  in  the  warm-bloode<l  animals, 

DtBappfttranr^  of  the  Glycogen. — An  equally  positive  chemical 
rfaanice  in  the  muscle  during  contraction  is  the  rli.sappearance  of  its 
eontain<^l  glycogen,  Satisfactor>'  pnH)f  has  been  furnished  that  the 
amount  of  glycogen  in  a  mu8<^le  disappears  more  or  less  in  proport  ion 
to  the  extent  and  duration  of  the  contractions,  and  that  after  pro- 


Pfliiger,  "Archiv  f.  die  scsummte  Physiotogie,"  !0,  251,  1875. 
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longeil  muscular  activity,  especial!}'  in  the  starving  animal,  the 
supply  may  be  exliausted  entirely.  In  what  way  the  glycogen  is 
consumed  is  not  completely  knowTi.  It  is  possible  that  it  may 
be  burnt  or  oxidized  as  glycogen  or  sugar,  with  the  production  of 
CXJj  and  HjO,  the  oxidation  in  some  way  being  under  the  control 
of  the  Uving  tissue;  or  it  may  first  be  split  into  lactic  acid  and 
other  pnxlucts,  which  then  undergo  oxidation.  It  is  passible,  on 
the  other  hand,  tliat  the  glycogen,  after  conversion  to  sugar,  is  first 
combined  with  the  living  proteid  material  before  undergoing  oxi- 
dation. Attention  has  already  been  calle<l  to  the  fact*  that  the 
rigor  of  miiscle  comes  on  at  a  much  lower  temperature  when  the 
sugar  is  used  up,  and  it  has  been  found  that  suppl>'ing  new  sugar 
will  restore  the  muscle  to  its  nonnal  condition  in  this  respect. — a 
fact  which  stn^nis  to  indicate  that  the  sugar  enters  into  a  combination 
in  the  living  tissue.  In  this  pnjcess  of  the  consumption  of  the  gly- 
cogen two  or  more  enzymes  are  suppose<l  to  be  concerned.  L  nder 
the  influence  of  one.  amylolyase,  the  glycogen  is  changed  to  sugar, 
dextrose;  while  other  so-called  glycolytic  enzymes  are  neceasan' 
for  its  final  destruction  or  oxidation.  The  fact  that  the  glycogen 
disapix»ars  as  a  result  of  the  contractions  does  not  mean  necessarily 
that  this  substance  or  the  sugar  into  which  it  is  converted  is  abso- 
Iut<'ly  necessiir>*  for  the  chemical  changes  of  contraction.  It  is 
stated  that  the  nuist'le  will  continue  to  contract  after  all  its  glycogen 
ifluse<l  upt:  still  it  must  l>e  borne  in  mind  that  the  using  up  of  the 
local  store  of  glycogen  does  not  mean  that  all  the  sugar  supply  of 
the  IhhIv  is  consunuxl.  After  the  most  prolonged  star\ation  the 
blooil  contains  its  nonnal  sujiply  of  sugar,  and  we  can  only  suppose 
that  this  sugar  comes  from  the  material  of  the  body  itself,  perhaps 
from  itii  proteiiis,  and  it  remains  quite  possible  that  a  constant 
supply  of  sugar  from  si^me  source  is  necessarv'  to  the  chemical 
clianges  that  occur  in  normal  contractions. 

Thr  Formation  of  IauHc  Aciti, — The  lactic  acid  that  is  present 
in  the  muscle  is  believed  to  be  increased  in  quantity  by  muscular 
activity.  Attention  was  first  called  to  this  point  by  du  Boi»- 
Ueymond,  who  showed  that  the  reaction  of  the  tetanizefl  muscle 
is  distinctly  ,'tci*l,  while  thai  of  the  resting  muscle  is  neutral  or 
slightly  ulkalinr.  This  fact  can  be  demonstrated  by  the  use  of 
litmus  pa|><*r.  but  perhaps  n>oir  strikingly  by  the  use  of  acid  fuchsin.J 
If  A  m>lution  of  arid  fuchsin  is  injectetl  under  the  skin  of  a  frog  it 
is  itradually  alvwirUnl  and  ilistributeil  to  the  body  without  injuring 
the  tifwu**?".  In  the  alkaline  media  of  the  body  tliis  solution  remains 
colorlma  or  near1>  ao.    If  now  one  of  the  le^  is  tel&nized  the  muscles 
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take  on  a  red  color,  showing  that  an  acid  is  produced  locally. 
The  supposition  generally  matle  w  that  the  acidity  diirinfr  activity 
iidue  to  an  increased  pHxluction  of  sarcolactic  acid.  Experiments 
have  been  niaiie  by  a  number  of  observers  to  determine  quautita- 
tivdy  the  amount  of  lactic  acid  in  the  resting  and  the  worked 
OHMde,  respectively.  Several  have  stated  that  the  amount  is  actu- 
ally leas  in  the  worked  muscle;  others  have  found  an  increase.* 
The  balance  of  evidence  soenas  to  show  that  there  is  actually  an 
increased  production,  but  that  this  increase  may  be  obscured  in  the 
living  animal  by  tlie  fact  that  tlie  acid  is  removed  by  the  circulating 
bioud.  In  accortiance  with  this  view  we  find  that  the  alkalinity 
blood  may  be  decrease*!  after  muscular  activity.  That 
acid  is  produced  in  the  living  muscle  is  sIiowti  by  exi>eri- 
oientst  in  which  bI(.Kxi  was  transfusotl  for  several  hours  through  the 
feg»  of  a  fri^shly  killed  animal.  In  such  cases  the  amount  of  lactic 
aci<l  in  the  blocwl  was  distinctly  Increased.  We  must  believe,  there- 
fane,  that  lactic  acid  is  a  constant  pn>diict  of  the  chemical  changes 
«(  nutrition  going  on  in  the  muscle,  and  that  its  prtMluction  is  in- 
cfeaaed  by  the  greater  chemical  activity  during  visible  contraction. 
TTiM  la<*ti<*  acid  may  1)0  partly  destmyed  within  tlie  muscle  itself  by 
oxidatiun.  but  in  part  it  may  1x5  carried  off  by  the  blorxl  as  a  lactate 
to  be  removed  probably  by  the  action  of  the  liver.  The  increased 
acidity  of  the  muscle  during  activity,  especially  when  the  circulation 
k  inlemipte*!,  is  referaiilc,  in  the  long  nm,  to  this  greater  prmluc- 
tion  of  lactic  acid;  but  as  the  acid  after  its  formation  probably 
nacta  with  the  alkaline  salts  prcstmt  it  is  usually  stated  that  the 
actual  acidity  shouTi  to  litmus  or  other  indicator  is  due  to  acid 
nha  produced  by  reaction  with  lactic  acid,  presumably  the  acid 
phosphate  of  potassium  (KHjPO,). 

Much  interest  has  been  shown  in  the  question  of  the  origin  of 
the  lactic  aciti.  According  to  some  observers,  it  arises  from  the 
carbohydrates  in  the  muscle,  the  glycogen  or  the  sugar.  In  supi>ort 
of  this  view  it  has  been  claimed  that  in  contraction  and  esi)ecially 
in  rigor  mortis  the  glycogen  disappears  as  the  lactic  acid  increases. 
This  relationship,  however,  is  denied,  as  far  as  rigor  mortis  is  con- 
oem<«<i,  by  competent  obsen^ersj;  and,  so  far  as  the  processes 
during  contraction  are  concerned,  the  fact  that  lactic  acid  increases 
B8  the  glycogen  disappears  is  not  a  ver\*  logical  proof  that  the  former 
■rises  from  the  latter,  .\nothcr  suggestion  is  that  the  lactic  acid 
arises  from  the  plmsphocamic  acid  described  above.  This  com- 
pound, when  split  by  hy.ln»!ysis.  yields  lactic  acid;  so  that  if 
we  TOuld  obtain  convincing  pr(x>f  that  such  a  compound  exists  in 

•W-rther.  "Pfluijer'B  Archiv,"  46.  63,  1S90. 
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living  muscle  it  would  serve  very  well  to  explain  the  production 
of  lactic  acid.  From  experiments  made  in  general  nutrition  it 
has  been  shown  that  in  birds  especially  the  uric  acid  in  the  urine 
is  replaced  largely  by  lactic  aciil  (ammonium  lactate)  when  the  liver 
is  excised.  Under  these  conditions  the  quantity  of  lactic  aci<:l 
secreted  varies  with  the  albumin  destroyetl  in  the  body,  and  many 
ph>'siologists  are  of  the  opinion  that  the  lactic  aci<l  produced  in 
the  muscle  or  in  other  tissues  is  derived  from  the  breaking  down 
of  the  hving  proteid  material.  On  the  other  hand,  a  study  of  the 
action  of  the  enzymes  present  in  muscle  leads  to  the  other  conclu- 
sion.— namely,  that  the  lactic  acid  arisies  from  a  splitting  of  the 
sugar,     (Consult  section  on  nutrition.) 

Tfw  Fornxaiwn  of  Cnatin. — Creatin  constitutes  the  chief  nitrog- 
enous waste  pnxluct  in  the  muscle,  and  we  should  expect  that  the 
greater  metabolism  during  activity  would  result  in  an  inereiise  in 
the  creatin.  Some  observers  state  positively  that  the  creatin  is 
incrcasctl  during  ctuitraction. 

J  Chemical  Changes  during  Rigor  Mortis. — The  chemical 
changes  during  rigf>r  have  been  referred  to  above,  but  may  be 
summarized  here  in  brief  form: 

L  There  is  a  coagulation  of  the  proteid  material  of  the  muscle 
plasma,  which  at  present  is  explained  by  supposing  that  the  con- 
tained myosin  and  myogen,  s|>ontaneously,  or  under  the  action  of 
an  enzyme,  pass  into  their  insoluble  forms, — namely,  myosin  fibrin 
and  rayogen  fibrin. 

2.  There  is  an  increased  acidity,  due  doubtless  to  a  production 
of  lactic  acid. 

3.  There  is  a  production  of  C(^j.  Hermann,  in  his  original  ex- 
periments, asserts  that  in  rigor  there  is,  so  to  speak,  a  maximal 
production  of  Ci\, — that  is,  all  of  the  material  in  the  muscle  capable 
of  yielding  C{\  is  broken  down  during  rigor.  The  amount  of  CO, 
given  off,  therefore,  by  a  resting  muscle  when  it  g(ies  into  rigor 
is  greater  than  in  the  case  of  a  worked  muscle,  since  in  the 
latter  some  of  the  material  capable  of  yielding  COj  has  been  used 
up  during  contraction. 

4.  The  con.Hun^j>tion  of  glycogen.  According  to  some  observers, 
glycogen  disappears  during  rigor  as  it  does  during  contraction; 
but  others  find  that  the  amount  Is  not  changed  during  this  process. 
As  the  glycogen  after  <Ieath  is  converted  to  sugar  with  some  rapidity 
it  is  jx>ssib!e  that  the  <lLsap[x?arance  noted  by  the  former  obser\'ers 
was  not  rlue  to  the  rigor  process,  hut  to  postmortem  fermentation. 

The  Relation  of  the  Chemical  Changes  during  Contraction 
to  Fatigue;  Chemical  Theory  of  Fatigue. — As  we  have  seen,  a 
muscle  kept  in  continuous  contraction  .soon  shows  fatigue;  it 
relaxes  more  and  more  until,  in  spite  of  constant  stimulation,  it 
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completely  unirritablc.     We  may  lUfine  fatigue,  there- 
■  fore,  HA  a  more  or  \efis  complete  lo&s  of  irritaliility  and  contmetiUty 
t  "^   on  by  functional  activity.     Hut  wen  when  the  fatigue  is 

'  fe  an<l  the  muscle  fails  to  resjxmd  at  ail  to  maxitnal 
rtimubtion.  a  very  short  interval  of  rest  is  sufficient  to  bring  about 
!»ome  return  of  irritability.  For  a  complete  R'storation  to  its 
numial  rvjntiJtiini  a  long  inten-al  of  time  may  be  necessarv'.  If 
the  muscle  Is  L^lateil  from  the  Ixwly  and  thus  tieprived  of  its  cir- 
culation ihe  reeover>'  from  fatigue  Is  less  rajiid  and  less  complete 
than  under  normal  conditions.  In  such  an  lsolate<i  muscle,  more- 
over, if  provision  is  made  to  irrigate  its  bloml- vessels  with  u  solution 
of  physiological  saline  (NaCl,  0.7  jMTc-ent.)  the  recovers  from  fnlipue 
is  hnsteneil.  These  facts  seem  tii  indicate  clearly  that  fatigue  is 
Dot  due  to  a  complete  consumption  of  the  maierial  in  llie  muscle 
that  supplies  the  energy  for  the  contractions.  In  other  words, 
fati^ie  as  it  usually  presents  ils*df  (o  us  in  life  or  under  experi- 
menial  conditions  is  a  phenomenon  different  from  exliaustion. 
ike,*  who  made  the  first  complete  study  of  this  subject,  was 
«mvince<l  that  a  muscle  when  tetanize<l  to  the  |K)int  of  complete 
fatigue  consumes  only  a  fraction  of  the  oxidizable  or  cnerg>-yieMing 
matiTial  contained  in  its  substance.  He  believed  that  there  exists 
in  Ihe  fatigue<l  muscle  a  something  brought  intf»  existence  by  the 
contraction  itself,  which  retards  or  prevents  further  physiological 
oxhlation.  In  support  of  this  view  he  found  that  if  an  extract 
was  matle  from  the  fatigued  muscles  of  one  fro>^  and  injected  into 
the  circulation  of  a  second  frog,  tlje  niuseles  of  this  latter  animal 
gave  evidence  of  fatigue,— that  is,  they  showed  <Iiminishefl  power 
of  contraction  upon  stimulation.  A  similar  exjx^riment  made  with 
,  extract  from  resting  muscle  gave  no  suth  effect.  Investigation 
;of  the  aeparate  pro<iucts  formed  in  a  nm.sele  during  contraction 
'  demonstratetl  that  the  aciil-reacting  sTd)slances,  sarcolactic  acid 
'and  4icid  potassium  phosphate,  are  apparently  responsil^le  for  this 
[effect.  According  to  these  experiments,  the  accumulation  of  these 
«Hluct.s  is  responsible  for  the  apfx^arance  of  fatigue;  the 
-  own  wfmte  products,  therefore,  starve  to  limit  its  responsive- 
DCSM  to  stimulation,  ami  thus  form  a  protective  mechanism  that 
Mive«  it  from  complete  exhaustion.  Under  nonnal  conditions  these 
products  are  quickly  removed  by  the  blood,  and  even  in  the  isttlated 
inuwle  we  may  suppose  that  their  depressing  effect  upon  the  irri- 
tability of  the  muscle  is  rapidly  removed  by  the  neutralizing  effect 
of  the  alkaline  lymph  in  the  muscle;  perhaps,  also,  the  lactic  acid 
'  I  further  oxidized.  This  chemical  theory  of  fatigue  does  not,  how- 
fairer,  explain  all  the  phenomena,  particularly  the  after-results, 
Ab  wait  stated  in  describing  the  experiments  made  with  the  ergograph, 
*  Kanke.  "  Tetanii!?."  I^'ipy.ig.  1865. 
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a  very  short  rest  suffices  to  make  the  muscle  again  capable  of 
lifting  its  load,  l>ut  a  very  long  inlerval  of  rest,  two  hours,  may 
be  required  before  the  muscle  Ls  restored  entirely  to  its  normal 
condition.  Such  a  long  interval  is  evidenth'  not  necessary-  for 
ili(*  nmioval  of  the  acid  ]jroducts,  and  we  must  reeognize  that  a 
part  <^r  the  fatigue  Ls  rhjc  to  a  using  ui>  of  the  niateriul  from  which 
the  energ}-  Ls  obtained.  'J'hat  i>,  during  contraction  the  processes 
of  disasf^imilation  or  catabolLsm  are  in  exce^is  of  those  of  asAimilat ion 
or  anabolisni*  so  that  at  the  end  of  f>rolnnged  mascular  activity 
the  muscle  contains  a  diminished  su|)jily  of  oxidizaljle  or  energ>'- 
yieltling  material.  To  .siipi>ly  this  deficiency  new  food  inateriaL 
incluiling  under  thin  term  also  the  necessar\'  oxygen*  must  be 
assimilated  by  the  muscle.  We  must  suf)|)ose,  therefore,  thai 
two  factors,  accumulatinn  of  waste  pnulucts  and  exhaustion  of 
energ>'-yioltHng  material,  co-o]x*rate  to  jjroduce  the  conditions 
actually  observed;  but  the  former  of  these,  the  formation  of  arid 
waste  products,  seems  to  be  the  protective  mechanism  that  is 
especially  adapted  to  saA*e  the  muscle  from  complete  exhaustion. 
In  wluit  way  the  arid  product.*^  dc'iire^w  the  irntul)ility  and  con- 
tact ility  of  the  muscles  is  not  known:  tlieir  ])resence  may,  as 
Uanko  supposed,  {prevent  the  underlying  chemical  changes,  the  so- 
callcfl  physiological  oxidations,  or  their  action  may  be  exerted  on 
tlie  contract ik'  niachiners'  alone, — that  is,  the  ineclmnism  by  means 
of  wliich  the  shortening  is  effected. 

Theories  of  Muscle  Contraction. — ^It  is  imiversally  admitted 
tliat  the  ultiinato  cause  of  the  muscle  contraction  is  the  cheniiea! 
change  caused  by  the  stimulus.  While  the  nature  of  this  chemical 
reaction  is  not  known,  it  Is  admitted  also  that  it  consists  in  a  proces^s 
of  splitting  anil  oxidation  wliercliy  large  and  ivlatively  unstable 
molecules  are  reduced  to  smaller  and  more  stable  ones,  such  as 
H.O  and  the  CO3  an<i  lactic  acid  which  we  recognize  among  the 
products.  This reaclion  isexotlicrmtc. — that  is,somi'of  thecheniical 
or  inlernal  energy  of  the  complex  compound  \^  lii)erated  as  heat; 
some  also  as  electrical  energy,  as  is  explahied  in  a  later  chapter. 
Both  of  these  results  are  so  frequentl}'  obsen'ed  in  other  chemical 
react i<Mis  that  they  call  for  no  special  comment  in  this  case.  The 
jiarticular  ]>niblem  regarding  the  muscle  is  how  this  chemical 
reaction  leads  to  the  shortening  of  tlie  muscle  and  therein' 
makes  it  do  mechanical  work.  We  must  assume  that  there  is  some 
mechanism  in  the  muscle  by  mean.s  of  which  the  energ>'  liberated 
during  the  chemical  change  is  utilized  in  cansiag  movement,  some- 
what in  the  siune  way  as  the  heat  energy  de\'elojx*d  in  a  gas-engine 
is  converted  by  a  mechanism  into  mechanical  movement,  or  the 
electrical  energ>'  in  the  coils  of  a  motor  is  utilized  by  a  device  lo 
♦  Verworn,  "Archiv  i.  Physiolugie,"  1900,  suppl.  volume,  p.  152. 
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develop  movement.     Regarding  the  means  used  in  the  muscle  to 
form  the  original  ohonucal  or  internal  energ\'  to  mechanical 
)vement  we  have  no  or  ver>'  little  positive  knowledge.     Nunier- 
iheories  of  a  more  or  leiw  figurative  character  have  been  pro- 
It  has  been  suggeisted  (Weber)  tliat  the  muscular  force  Is 
aliftlly  due  to  the  elasticity  of  the  muscle,     it  is  known  that  the 
icity   of  substances  may  change  with  conditions,  and  it  is 
(led  tliai  after  stimulation  the  physical  condition  of  the  muscle 
is  changed  and  that  the  increased  elastic  attraction  between  the 
ipanicle-s  gives  it  the  form  of 
iijulracted    mib<cle.      Ac- 
iing  to  others  (Kick),  the 
^mechanical    contraction    is    a 
direct   result  of  an    increased 
tiChcniical  affinity,  while  others 
[Miiileri  find  an  exjjlanation  in 
-uppoHcd     electrical     charges 
ujxin     the    doubly   refractive 
particles  of  the  muscle  in  coase- 
quenc«  of  which  there  an?  de- 
veloped  elect ricAl    at t ractions 
and  repulsions  at  the  different 
j|ej*.     The  most   specific  and 
iprehensihle  hypothesis  ad- 
vanced is  that  fomudatcd  by 
lingelniann.*  This  author  lias 
own    that     all    contractile 
lies  contain  doubly  refrac- 
particles,    that    in    the 
tripeil  muscle  fiber  these  par- 
are  arrange<l  in  discs, — 
(dim  bands,— with  the  singly 
pfracting  material  forming  the 
Might  ljand*<  on  either  side.  Dur- 
ing   contraction    it    has   been 
Lsbown  that  the  material  of  this 

iter  stniciMre  Ls  absorbed  by  the  doubly  refractive  subst-ance. 

?lmann   ha.s  shown,  moreover,   that  rlead  substances,  which 

Btain  iloubly  refractive  particles,  siu'h  as  catgut,  when  soaked 

rith  water  will  shorten  upon  heating  and  relax  again  upon  cooling. 

Im«  explanation  of  the  mechanicH  of  contraction  in  brief  is  that 

^Ihr  chendcal  change  bnnight  about  in  the  muscle  liberates  heat, 

and  thai  the  effect  of  this  heat  upon  the  adjacent  doubly  refractive 

•  rrucelrnnnn.  "  IVIwr  di-ii   TrepniniB:  der  Muskelkraft,"   Leipzig,  1893,' 
fM>  alM»  **I*flugcr*a  Archiv,"  7,  155,  IK73. 


FiK-  26. — Ktigelmann's  artificiAl  muscle. 
The  arliftcial  iiiu*cle  iw  irpn-MTitwl  by  ib« 
catffut  »<tnnff,  m.  'IhiA  b  ^turnmrnied  by  m 
ctfilDf  plulniiiin  wire,  k',  thruush  which  an 
electrical  current  may  b«  Mcml.  The  calcut 
if>  atuirlie«l  to  a  lever,  K,  wliuae  fulcruiu  is  at 
c.  The  catKut  in  inimer?«I  in  a  beaker  of 
water  at  TjO*  tn  5,'»°  C,  and  " -tinmlatc)  " 
by  the  ^udcJcn  increaae  in  temiferalure  caumhI 
by  the  pOMaice  of  a  current  thruuch  the  coil. 
— {Att9t  En^ftimiMnn.) 
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jmrticlas  is  to  make  them  imbibe  the  Kurrounding  water.  If  we 
further  suppose  that  these  particles  in  the  resting  muscle  are  linear 
or  prismatic  in  shape,  then  ujKin  iiiibibinjj;  water  they  will  tend 
to  l>ccome  spherical,  causing  thus  a  fshtirteiiing  in  the  long  diameter 
and  an  increase  in  the  cross  diameter.  The  muscle,  in  other  words, 
is  an  apparatus  comparable,  let  us  saj',  to  a  gas  engine:  each 
stimulus,  like  a  spark,  causes  the  physiological  oxidation  of  a  |xjrt  icjn 
of  the  usable  material  in  the  muscle,  and  the  heat  thus  produced 
acts  upon  I  he  doubly  refractive  material  as  ujxjn  a  piece  of  machin- 
ery and  causes  it  to  shorten  by  inil>ibition.     Contraction,  in  a  wor 


Fir  27,  -X'urve  of  simple  contractimi  r>btnmctl  fniTii  mi  artificial  mu.'»cl«*.  The  tlura- 
tion  of  the  HtimiilUif  rhentlag  effect  ratise<l  hy  the  current)  in  nIiowii  by  the  break  in  the 
line  beneath  the  cun'e. 

is  a  phenomenon  of  thermic  imlalution.  Engelmann  has  given  an 
apjxiarance  of  vorisimililude  in  this  hypothesis  l)y  constnicting 
an  artififinl  muscle  from  a  j>iere  of  violin  string.  The  apparatus 
useii  Is  ilhistrnted  in  Fig.  26.  A  catgut  string  (m)  is  surrounded 
by  a  coil  of  platinum  wire  (w)  through  which  an  electrical  current 
may  be  sent.  The  fibjert  of  this  arrangrtnent  Ls  to  heat  the  catgut 
suddenly.  The  platitnim  ci>il  should  not  actually  touch  the  catgut. 
The  catgut  is  attached  to  a  lever,  as  shown  in  the  figure.  The 
catgut  is  thoroughly  soaked  hy  immersing  it  in  a  l>eaker  of  water 
and  the  temperatun^  is  then  raised  to  m"^  to  55°  C.  If  then  a 
current  Ls  turned  into  the  coil  the  slight  but  somewhat  rapid  heating 
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of  the  catgut  wnll  cause  it  to  shorten,  owing  to  the  iinhibition  of 
more  water.  When  the  current  is  broken  the  ratgiit  eools  nritl 
relaxes  slowly.  Records  may  Ix*  i>htained  in  this  way  which  are 
altogether  similar  or  identical  with  those  given  by  a  strip  of  plain 
muscle  when  stimulated  (see  Figs.  27  and  28).     The  model  may  be 


2t{.— Imitation  of  iric<jinplet«  tetaniu  by  the  artificial  mibwle.     The  time  and 
I  of  tbe  9Uoce.<v<ive  heatin(?n  are  indicated  by  the  break.^  in  the  lower  hne.      Each 

ating  causes  a  aeiNirate  contraction,  and  them  ouutmrtioiu  arc  suintnated  a.-i  in  the 

tetanic  contraction  of  muacle. 


used  to  show  the  effect  of  temperature  ufxin  the  extent  and  dura- 
tion of  the  contractions,  the  effect  of  variations  in  strength  of 
stimulus  as  expressed  in  the  amount  of  current  used,  the  summation 
of  sticcessive  stimuli,  etc.  I'nder  all  of  these  conditions  it  imitates 
closely  the  behavior  of  plain  muscular  tissue. 


CHAPTER  III. 


THE  PHENOMENON  OF  CONDUCTION— PROPERTIES 
OF  THE  NERVE  FIBER. 

Conduction. — When  living  matter  is  excited  or  stimulated  in 
any  way  the  excitation  is  not  localized  to  the  point  acttnl  upon, 
but  is  or  may  be  propagated  throuRhout  its  substance.  This  prop- 
erty of  conducting  a  change  thut  has  been  initiated  by  a  stimulus 
applied  locally  is  n  general  property  of  protoplasm,  and  is  exhib- 
ited in  a  striking  way  by  many  of  the  simplest  forms  of  life.  A 
light  touch,  for  instance,  applied  to  a  vorticella  will  cause  a  retrac- 
tion of  its  vibrating  cilia,  and  a  shortening  of  its  stalk.*  In  the  most] 
speciaHzod  animals,  such  as  tlie  mammulia,  this  property  of  con- 
duction fnids  its  greatest  dovelopnient  in  the  nervous  tissue,  and 
indeed,  esi>ecially  in  the  axis  cylinder  processes  of  the  nerve  cells, 
the  so-called  nen-c  fibers.  But  this  property  is  exhibited  also  to j 
a  greater  or  less  extent  by  other  tissues.  "WTaen  a  muscular  masal 
is  stimuluted  at  one  point  the  excitation  set  up  may  be  propagated 
not  only  throujih  the  substance  of  the  cells  or  fibers  directly  affected, 
but  from  cell  to  cell  for  a  considerable  distance.  In  the  heart 
tissue  especially  and  in  plain  muscle  it  has  been  shown  that  a 
change  of  this  sort  may  be  conductetl  indej>endent]y  of  the  phe- 
nomenon of  visible  contraction.  A  stimulus  applied  to  the  venous 
end  of  a  frog's  heart,  for  instance,  may,  under  certain  conditions, 
be  conducted  through  the  auricular  tissue  without  causing  in  it  a 
visible  change,  and  yet  arouse  a  contraction  in  the  ventricular 
muscle  (Engelmann).  The  change  thus  conducted  may  be  sp>oken 
of  as  a  muscle  impulse.  Under  normal  conditions  a  muscle  fiber 
is  stimulated  thnnigh  its  motor  nen-e  fiber  at  some  point  near  the 
middle  of  its  course,  but  the  stimulus  thus  applied  must  be  con- 
ceived as  arousing  a  muscle  impulse  that  travels  over  the  length  of 
the  muscle  fiber  and  precedes  the  change  of  contraction.  Similarly 
it  can  be  shown  that  ciliar>'  cells  can  convey  an  impulse  from  cell 
to  cell.  A  stimulus  applied  to  one  point  of  a  field  of  ciliary  epi- 
thelium may  set  up  a  change  that  is  conveyed  as  a  ciliar\'  impulse 
to  distant  cells.  The  imiversality  of  this  property  of  conduction 
in  the  simpler,  less  differentiated  forms  of  life,  and  its  presence  in 
some  form  in  many  of  the  tissues  of  the  higher  forms  would  justify 
the  assumption  that  the  underlying  change  is  essentially  the  same 
in  all  cases.     But  in  ner\'e  fibers  this  property  has  become  special- 
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^^^^^^Vi^  hjgh^t  drgrce.  and  in  this  tis.sue  it  may  be  studied 
^^B^^'^f^*  ^^*it^  *he  greatest  success  and  profit. 
W       Structure  of  the  Nerve  Fiber. — The  peripheral  nerve  filler, 
la«  \%x*  finil  it  in  the  nerve  trunks  and  nerve  plexuses  of  the  body, 
H*inay  be  either  medullated  or  non-medvdlate<l.     All  the  ner\'e  fibers 
that  arise  histolojjically  frf)m  the  nerve  cells  of  the  central  nervous 
system  proper— that  is,  the  brain  and  ford  and  the  outlying  sensory 
iniiurlia  of  the  cranial  nerves  anil  the  posterior  spinal  roots — are 
medullated.     These  fillers  contain  a  central  core,  the  axis  cylinder, 
which  is  usually  regarded  as  an  enormously  elongated  process  of 
the  ncn'c  cell  with  which  it  is  connectetl.     The  axis  eylinflcr  shows 
a  differentiation   into    fibrils,  neurofibrils,  and    intcrfihrillar   sub- 
staocf, — neuroplasm.    All  of  our  evidence  goes  to  show  that  the 
axiB  cylinder  is  the  essential  part  of  the  nerve  fiber  so  far  as  its 
property  of  conduction  is  concerned.     It  is  further  assumed  that 
the  neurofibrils   in  the  axis  cylinder  form  the  condufting  mech- 
anism rather  than  the  interfibrillar  substance.     Surrounding  the 
axis  cylinder  we  have  the  medullary  or  myelin  sheath,  varjing 
much  in  thickness  in  difTea*nt  filHTs.     Tliis  sheath  is  composed  of 
pertdiar  nmterial  and  is  intemiptedor  divided  into  segments  at  cer- 
B    t&in  intcrv^aU,  the  so-called  nodes  of  Ranvier.     Outside  the  myelin 
L^tberc  is  a  delicate  elastic  sheath  comparable  to  the  sarcoiemma  of 
^KfliB  muacle  fiber  and  designated  as  the  neurilemma.     Irving  unrler 
the  neurilemma  are  found  nuclei,  one  for  each  intemodal  segment 
ai  the  myelin,  surrounded  by  a  small  amount  of  granular  proto- 
phsm.    The  non-medullated  fibers  have  no  myelin  sheath.     They 
■re  to  be  consideretl  as  an  axis  cylimler  process  from  a  ner\'e  cell, 
•urrfMinde*!  by  or  inclosed  in  a  neurilemmal  sheath.     These  fillers 
arise  histolojrically  from   the  ner\e   cells  found   in   the  outlying 

kpuiplia  of  the  boily,  the  ganglia  of  the  sympathetic  system  and 
it«  appendages. 
.    The  Function  of  the  Myelin  Sheath,— The  myelin  sheath  of 
mt  cen-brospinal  nerve  fibers  is  a  structure  that  is  interesting  and 
peculiar,  both  as  regards  its  origin  and  its  composition.     Much 
*preul»tion  has  l>een  indulged  in  with  regard  to  its  function,  but 
practically  nothing  that  is  certain  can  l^  said  upon  this  point.     It 
I  lieen  supposed  by  some  to  act  as  a  sr^rt  of  insulator,  preventing 
Btact    between    neighboring    axis   cylinders  and   thus  insuring 
IWter  conduction.     Hut  against  this  view  it  may  be  urged  that 
wc  have  no  proof  that  the  non-medullaterl  fibers  do  not  conduct 
equally  as  well.    The  view  has  some  probability  to  it.  however, 
for  we  must  remember  that  the  non-medullated  fibers  do  not  run 
in  larjce  ner\e  tnmks  that  supply  a  number  of  different  organs, 
and  thrrrfore  in  them  a  prrn-ision  for  isolated  conduction  is  not  so 
Moreover,  in  the  medullated  fibers  the  myelin  sheath 
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the 
that  its  hmrtioa 
AccorBq^  to  the  older  eoooeptioits 
al  the  pffoecflBof  eandnetioa  in  werre  fibeis,  aot  only  anatngniral 
faoEft  al»  plipiolqptal  coutimiity  is  neceaauy.  Mere  coataet  of 
IJiBift  joda  iiBmleia  voold  not  enable  the  nerve  impafcy  to  pass 
ftoan  floe  to  the  other.  The  newer  view?^  laclwkd  in  the  so-calied 
mnw  theory,  anwimr  that  axre  contact  of  firings  cntireiy  Donnal 
09ve  whatanre  doea  pcraat  %n  excitatory  change  to  pass  from  one 
totheother,  SothatkisnociayoaMMethatthemyefinaheftthmar 
aeme  to  prevent  one  axis  nrfinder  from  JnHnrtring  the  neighboring 
axii  cy&iden  in  a  nerre  trunk.  Others  have  flupfWMed  that  the 
nqpcin  riicath  aerves  as  a  soorre  of  nutritiQa  to  the  inclosed  axis 
cyGnder,  or  as  a  legolator  in  some  way  of  its  metabolism.  No  fact 
it  reported  that  would  make  this  soggestkm  aeem  probable.  In 
pskeral^  it  is  found  that  the  myvGn  sheath  is  larger  in  tboee  fibers 
that  have  the  longest  course;  the  size  of  the  sheath,  in  fact,  in- 
CRaacs  with  that  of  the  axis  cylinder.  It  is  known  alao  that  the 
medoDated  fibera  in  general  are  more  irritable  to  artificial  stimuli 
than  the  oon-medullated  ones,  and  that  wisen  induction  shocks 
are  employed  the  non-medullated  fibers  loee  their  initability  more 
rapidly  at  the  point  stimulated.  None  of  these  farts  are  sufficient. 
however,  to  indicate  the  probable  function  of  the  myelin.  The 
embrjoUj^ical development  of  the  sheath  also  fails  to  thiuw  light  an 
its  physiological  significance.  For.  while  it  is  usually  supposed  that 
the  axis  cjlinder  it«elf  is  simply  an  outgrowth  from  the  ner\-e  cell. 
and  the  myelin  sheath  arises  from  separate  mesoblastic  cells  which 
surround  the  axis  cylinder,  this  \iew.  so  far  as  the  myelin  is  con- 
cerned, is  not  beyond  question,  and  the  study  of  the  process  of 
regeneration  of  ner\'e  fibers  indicates  that  the  actual  production 
of  myelin  is  controlled  in  some  way  by  the  functional  axis  cylinder. 
The  axis  cylinder  outgrowths  from  the  6>-mpathelic  nerx-e  cells 
found  in  the  ganglia  of  the  sympathetic  chain  and  in  the  peripheral 
fcanglia  generally  of  the  body  are  usually  non-medullated.  although 
apfmrently  this  is  not  an  invariable  rule.  In  the  birds  all  such 
fil)ers,  on  the  contrary-,  are  medullated.  CLangley.*)  Nothing  is 
knouT)  as  to  the  conditions  that  rletermine  whether  a  ner\e  fiber 
process  shall  or  shall  not  be  surrounded  by  a  myelin  sheath. 

Union  of  Nerve  Fibers  into  Nerves  or  Nerve  Trunks. — The 
assembling  of  ner\'e  fibers  into  larger  or  smaller  nerxTtnmks  resem- 
bles hi.stoiogically  the  combination  of  muscle  fil>ers  to  forma  muscle. 
Phy^viologically,  however,  there  is  no  siniiLirity.  The  various 
fil)er»  in  a  muscle  act  together  in  a  eo-ordinate<i  way  as  a  physio- 
logical unit.  On  the  other  hand,  the  hundreds  or  thousands  of 
•  Langley.  "  JoumAl  of  Physiology."  30,  221.  1903;  20.  55,  1890. 
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nerve  fibers  found  in  a  ner\'e  may  be  entirely  independent  in  their 
ph3r8iologiGaI  activity.  In  the  vagus  nen^e,  for  instance,  we  have 
nerve  fibers  running  side  by  side,  some  of  which  supply  the  heart, 
aotne  the  muscles  of  the  lar>'nx,  some  the  muscles  of  the  stomach 
or  interlines,  some  the  glands  of  the  stomach  or  pancreas,  and  so 
on.  Nerves  are,  therefore,  anatomical  units  simply,  containing 
groups  of  fibers  which  have  very  different  activities  and  which  may 
function  entirely  inde[)endently  of  one  another. 

Afferent  and  Efferent  Nerve  Fibers.— The  older  physiologists 
bdieved  that  one  and  the  same  ncr\'e  or  nerve  fiber  might  conduct 
sensory  impulses  toward  the  central  nen'ous  system  or  motor  im- 
pulses from  the  central  nervous  system  to  the  |)eriphery.     Bell  and 
Magt^ndie  succee<letl  in  e<stabli.shing  the  gn^at  truth  that  a  nerve 
fiber  cannot  be  both  motor  and  sensor>'.     Since  their  time  it  has 
been  recognizetl  that  we  must  divide  the  nerve  fil>ers  connected 
with  the  central  nervous  sv'stem  into  two  great  groups:  the  efferent 
fibers,  which  c^rrv'  impulses  outwardly  from  the  nervous  system 
t<»  the  peripheral  tissues,  and  the  afferent  fibers,  which  earn'  their 
I       impulses  inwardly. — that  Is,   from  the  peripheral  tLssues  to  the 
■    nerve  centers.     Under  normal   conditions  the  afferent  fibers  are 
^Lslimulated  only  at  their  endings  in  the  peripheral  tissues,  in  the 
^fiUn.  the  mucous  membranes,  the  tense  organs,  etc.,  wliile  the 
*       efferent  fibers  are  stimulate*!  only  at   their  central  origin, — that 
hf  through  the  nerve  cells  from  which  they  spring.     The  difference 
in  the  direction  of  conduction  depends,  therefore,  on  the  anatomical 
iact  that  the  efferent  fibers  have  a  stimulating  mechanism  at  tlieir 
central  ends  only,  while  the  afferent  fibers  are  adapted  only  for 
stimulation  at  their  peripheral  ends. 

Classification  of  Nerve  Fibers. — In  addition  to  this  fimda- 
xnental  separation  we  may  subdiNide  peripheral  ner\T  fillers  info 
-suoaUcr  groups,  making  use  of  either  anatomical  or  physiological 
^differonces  upon  which  to  base  a  classification.  For  the  purpose 
liere  in  view  a  classification  that  is  physiological  as  far  as  possible 
«eetn.s  preferable.  In  the  fir?t  place,  experimental  physiology'  ha« 
«hown  that  the  eJTect  of  the  impulse  conveyed  by  nerve  fillers  may 
•»  dther  exciting  or  inhibiting.  That  Is,  the  tissue  or  the  cell 
•o  which  the  impulse  is  carried  may  be  thereby  stimulated  to  ac- 
ivity^  in  which  case  the  effect  is  excitatory,  or.  on  the  contrary, 
maVj  if  already  in  acti\nty,  be  reduced  to  a  condition  of  rest  or 
activity;  the  effect  in  this  case  is  inhibitor^'.  Many 
pttyaologists  believe  that  one  and  the  same  nerve  fiber  may  carry 
^ixritatory  or  inhibitor>-  impulses,  but  in  some  cases  at  least  we 
have  poflitive  proof  that  these  functioas  arc  discharged  by  separate 
fiben.  We  may  subdivide  l>oth  the  affon^nt  and  the  efferent  sy»- 
into  excitatorv  and  inhibitorv  filx*rs.     Each  of  tliese  sub- 
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groups  again  falls  into  smaller  divisions  according  to  the  kind  of 
activnt}''  it  excites  or  iriliibits.  In  the  efferent  s}'stem,  for  instance, 
the  excitatory  fibers  may  cause  contraction  or  motion  if  they  ter- 
minate in  muscular  tissue,  or  secretion  if  they  temiinat-e  in  glandu- 
lar tissue.  For  convenience  of  description  each  of  the  groups  in 
tuni  may  be  further  classifieil  according  to  the  kiml  of  muscle  in 
which  it  ends  or  the  kind  of  gkiuhdar  tissue.  In  the  motor  group 
we  sjxmk  of  vjisornotor  filx*rs  in  reference  to  those  that  end  in  the 
plain  muscle  of  the  walls  of  the  blood-vessels;  visceromotor  fibers, 
those  ending  in  the  muscular  tissue  of  the  abdonunal  and  thoracic 
viscera;  pilomotor  fd>ers,  those  ending  in  (he  muscles  attached  to 
the  hair  fijlliclcs.  The  clastiihcation  that  Is  suggested  in  tabular 
form  Ijelow  dejjends,  therefore,  an  thrtre  principles:  first,  the  direc- 
tion in  which  the  impulse  travels  normally;  second,  whether  this 
impulse  excites  or  inhibits;  third,  the  kin<l  of  action  excited  or 
inhibited,  which  in  turn  depends  upon  the  kind  of  tissue  in  which 
the  hbcrs  end. 
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That  the  final  action  of  a  jx'ripheral  nerve  fiber  is  determined 
by  the  tissue  in  which  it  ends  rather  than  by  the  natui-e  of  the 
nerve  fiber  itself  or  the  nature  of  the  impulse  that  it  carries  is  indi- 
cated strongly  by  the  regeneration  exjxTiinenls  nmdc  by  Langley.* 
For  instance,  the  chonia  tympani  ner\'o  contaias  fibers  which  cnusie 
a  dilatation  in  the  lilood- vessels  of  the  sid>maxillary  gland,  while 
the  cervical  symimthetir  contains  fil>ers  which  pause  a  constriction 
of  the  vessels  in  the  same  gland.  If  the  lingual  nerve  (containing 
the  chorda  tympani  fil>ers)  is  divided  and  the  centnd  end  sutured 

♦  LanRlev,  "Journal  of  Phvsiolo^."  23.  240,  1,S9.S;  ibid.,  30,  439,  1904; 
"Proceedings  Royal  Society,"  73,  1904. 
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to  the  peripheml  pnd  of  the  severpcl  cenical  sympathetic,  the 
chorda  fil>ers  will  grow  along  the  paths  of  the  old  t'lmstrictor  fillers 
ctf  the  ?>*m|jathctic.  If  time  is;  given  for  regenemtion  to  take  place, 
etiiiiulation  of  the  chorda  now  causes  a  const rirt ion  in  the  vessels. 
The  experiment  can  aUo  be  reversed.  J'hat  L^,  by  suturing 
thft  central  end  of  the  cer\'ical  symjiathetic  to  the  perii>heral  end 
of  the  dividecl  lingual  the  fillers  of  the  former  grow  along  the  imths 
of  the  old  dilator  fil)ei?i,  and  after  regeneration  has  taken  }»lace 
0tfana]etion  of  the  symijathetic  caiLSi*s  dilatation  of  tlti'  })loo<l- 
iiTO>f  li  in  the  gland.  'I'heMC  results  are  particularly  in.stnictive,  as 
vaeoeunstrietion  Ls  an  example  of  the  excitator}-  effect  of  I  he  nerve 
iaqxtbe,  being  the  result  of  a  contraction  of  the  circular  muscles 
in  the  vessels,  while  va.'^xUlatation  L*  an  example  of  inhiliitory 
artinn,  being  tlue  to  an  inhibition  of  the  contraction  of  the  same 
n)U£cle«.  Yet  obviouf^ly  the.*>e  two  opposite  effects  are  determined 
not  by  the  nature  of  the  nerve  fil3er>^,  but  by  their  place  or  mode 
of  ending  in  the  gland. 

Separation  of  the  Afferent  and  Efferent  Fibers  in  the  Roots 
of  the  Spinal  Nerves. — According  to  the  Ik'Ii-Mngcndie  discover^', 
the  motor  fibers  to  the  voluntary*  muscles  emerge  from  the  spinal 
cord  in  the  anterior  roots,  while  the  fibers  that  give  rise  to  sensa- 
tioQft  ent4T  the  cord  through  the  posterior  roots.  These  facts  have 
been  demonatrateti  beyond  all  doubt.  Magendie.  discovered  an 
epperent  exception  in  the  phenomenon  of  recurrent  sensibility. 
When  the  anterior  root  is  severed  and  its  pc»riphcral  end  is  stimu- 
lated only  m<Jlor  effects  should  Vx?  obtained.  Magendie  observed. 
however,  upon  <logs  tliat  in  certain  causes  the  uniniais  showed  signs 
of  pftin.  This  ap|>arent  exception  to  the  general  njle  was  after- 
irmid  cxplainerj  satisfartxtrily.  It  was  shown  that  the  libers  in 
queetion  do  not  really  belong  to  the  anterior  n)ot, — that  is,  they  do 
DoC  cinrrgr  from  the  conl  with  the  ro<^t  filx'rs;  they  are,  in  fact, 
•efuory  fibers  for  the  meningeal  membranes  of  the  cord  which 
are  on  their  wa>'  to  the  |)Osierior  roots  and  which  enter  the  cord 
uith  the  fil>ere  of  the  latter.  Since  the  work  of  liell  and  Magendie 
it  htts  been  a  question  whether  their  law  applies  to  all  afferent  and 
dfer-nt  fibers  and  not  simply  to  the  mot'^r  anri  scnsor>'  fibers  proper. 
Tht  experimental  evidence  ujx>n  this  point,  as  far  as  the  manmials 
»re  concerned,  has  aceumulate<l  slowly.  Various  authnre  have  shown 
t  stimulation  of  the  anterior  roots  of  certain  spinal  ner\'es  may 
use  a  wmstriction  of  the  blood-vessels,  an  erection  of  the  hairs 
(stininlarion  of  the  pilomotor  filers),  a  secretion  of  sweat,  and  so 
on.  while  stimulation  of  the  posterior  roots  in  the  same  regions  is 
without  effect  upon  thes<»  peripheral  tissues.  One  apparent  excep- 
tion, however,  has  l>een  note<l.  A  number  of  observers  have  found 
that   .Htiniulation  of  the  |K*ripheral  eml  of  the  divided   jjosterior 
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roots  (fifth  lumbar  to  first  sacral)  causes  a  vascular  dilatation  in 

the  hind  limb.  The  matter  has  heeri  partiptilarly  investigatotl  by 
Bayliss,*  who  gives  imtlimbteil  pnmf  of  the  general  fact.  At  the 
same  time  he  shows  that  the  fibers  in  question  are  not  efferent 
fibers  from  the  cord  passing  out  by  thp  posterior  instead  of  the  an- 
terior roots.  Thi:5  is  shown  by  the  fart  that  they  do  not  degenerate 
wh<^n  the  root  is  cut  between  the  gnnglion  anil  the  cord,  as  they 
should  do  if  they  originated  from  cells  in  the  cord.  Bayliss's  own 
explanation  of  this  curious  fact  is  that  the  fibers  in  question  are 
ordinary  afTerent  fibers,  but  that  they  are  capable  of  a  double  ac- 
tion: they  can  convey  sen.sory  impulses  from  the  blood-vessels  to 
the  cord  acconlinK  to  the  usual  type  of  «enwiry  Hlx^rs,  but  they 
ran  also  convey  efferent  impulses,  antidromic  impulses  as  he  desig- 
nates them,  to  the  muscles  of  the  blood-vessels.  In  other  words, 
for  this  special  sot  of  fibers  he  attempts  to  re-<»stablish  the  view 
held  by  physiologists  before  the  time  of  Hell» — namely,  that  one 
and  the  same  fiber  transmits  normally  both  afferent  and  efferent 
impulses.  An  exception  so  peculiar  as  this  to  an  otherwise  general 
ni]e  cannot  Ix^  acrepteil  without  hesitation.  It  is  iK>ssible  that 
future  work  may  give  an  explanation  less  opposed  to  current  views 
tlian  tliat  offered  by  Bayliss. 

Cells  of  Origin  of  the  Anterior  and  Posterior  Root  Fibers. — 
The  efferent  rd>ers  of  the  anterior  root  arise  as  axons  or  axis  cylinder 
prfjcesses  from  nerve  cells  in  the  gray  matter  of  the  cord  at  or  near 
the  exit  of  the  root.  The  motor  fil>ers  to  the  voluntary  muscles 
arise  from  the  large  cells  of  the  anterior  horn  of  gray  matter;  the 
fibers  to  the  plain  muscle  and  glands^  autonomic:  fibers  according 
to  r^ngley's  nomenclature*  take  their  origin  from  spindle-shaped 
nerve  cells  lying  in  the  so-called  lateral  horn  of  the  gray  matter. f 
According  to  the  accepted  belief  regarding  the  nutrition  of  ner\'e 
fibers,  any  section  or  lesion  involving  these  iK>rtions  of  the  gray  mat- 
ter or  the  anterior  root  will  be  foiloweil  by  a  complete  degeneration 
of  the  efferent  fibers.  In  the  case  of  the  fibers  to  the  voluntar}* 
muscles  this  degeneration  will  extend  to  the  muscles  and  include 
the  end-plates.  In  the  case  of  the  autonomic  fibers  the  degenera- 
tion will  extend  to  the  peripheral  ganglia  in  which  they  terminate, 
involving,  therefore,  the  whole  extent  of  what  is  called  the  pre- 
ganglionic fiber  (sec  the  chapter  on  the  autonomic  nen'es  and  the 
sympathetic  system).  The  posterior  root  fibers  have  their  origin 
in  the  nerve  cells  contained  in  the  posterior  root  ganglia.  These 
cells  are  unipolar,  the  single  process  given  off  being  an  axis  cylinder 
process  or  axon.  It  divi<les  into  two  branches,  one  passing  into 
the  cord  by  way  of  the  posterior  root,  the  other  toward  the  periph- 

*  Bavliss.  "Journal  of  rhvsloloKy,"  2fi,  173.  1901,  and  2-S,  276.  ltK)2. 
t  Herring.  "Jminuilof  PhyMioIogy."  29.  282.  1W3. 
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MTil  UflRws  in  the  corresponding  spinal  ner\'e  in  which  they  form  the 
pcriplicral  sensorv' nerve  fibers.  It  follows  that  a  section  or  lesion 
of  the  posterior  n>ot  will  result  in  a  degeneration  of  the  branch 
entering  the  cord,  this  branch  having  l^een  cut  off  from  its  nutri- 
tive relationship  with  its  cells  of  origin.  The  ilegeneration  will  in- 
xxih-e  the  entire  length  of  the  branch  and  its  collaterals  to  their 
terminations  among  the  <lendrites  o(  other  ppinal  or  bulbar  neurons 
(sre  thr  chapter  on  the  spinal  cord).  After  a  lesion  of  this  sort 
the  stump  of  the  posterior  root  that  remains  in  connection  with 
the  poetrrior  root  ganglion  maintains  its  normal  structure.  On  the 
other  hand,  a  section  or  lesion  involving  the  spinal  ner\'e  will  be 
followed  by  a  degeneration  of  all  the  fit>ers.  efferent  and  afferent, 
h-ing  to  the  j)eripheral  side  of  the  lesion,  since  these  fibers  arc  cut 
oflf  from  connection  with  their  cells  of  origin,  while  the  fibers  in  the 
central  sttmip  of  the  divided  nene  will  retain  their  normal  structure. 

Afferent  and  Efferent  Fibers  in  the  Cranial  Nerves. — The 
firpt  and  second  cranial  ner^•es,  the  olfactor\'  and  the  optic,  contain 
only  afferent  filx-rs,  which  arise  in  the  former  ner\*e  from  the  olfac- 
lor>*  epithelium  in  the  nasal  cavity,  in  the  latter  from  the  nerve 
cells  in  the  retina.  The  thinl,  fourth,  and  sixth  nerves  contain 
only  efferent  fibers  which  arise  from  the  nerve  cells  constituting 
tlieir  nuclei  of  origin  in  the  mirlbrain  and  pons.  The  fifth  nen^e 
Wimbles  the  spinal  ner\'es  in  that  it  has  twf»  nwits.  one  containing 
affcreot  and  the  oiher  efferent  fibers.  The  efferent  hbers,  consti- 
tutiiij;  the  small  root,  arise  from  nen-c  cells  in  the  pons  and  mid- 
brain, the  afferent  fibers  arise  from  the  nene  cells  in  the  Classerian 
puiglion.  This  ganglion,  being  a  sensi>ry  ganglion,  is  constituted 
like  the  posterior  root  ganglia.  Its  nen*e  cells  give  off  a  single 
process  which  divides  in  T,  one  branch  passing  into  the  brain  by  way 
of  the  large  root,  while  the  other  passes  to  the  peripheral  tissues  as  a 
rv  fiber  of  the  fifth  ner\'e.  The  seventh  nene  may  also  be 
»gi«e<l  with  a  spinal  nen'c.  The  facial  nene  proper  consists 
vi  only  efferent  fil>ers,  which  arise  from  nen^e  cells  constituting 
iU  nucleus  of  origin  in  the  pons.  The  geniculate  ganglion,  attached 
Id  this  nen'e  shortly  after  its  emergence,  is  similar  in  structure  to 
the  (tasaerian  or  a  posterior  root  ganglion.  Its  nene  cells  send  off 
proceflBca  which  divide  in  T  and  constitute  afferent  fibers  in  the 
ao-called  nervus  intermedius  or  nene  of  Wrisberg.  The  eighth 
nen'e  consists  only  of  afferent  fibers  which  ari.se  from  the  nen'e 
cella  in  the  spinal  ganglion  of  the  cochlea,  cochlear  branch,  and  from 
Ihrre  constituting  the  vestibular  or  Scarpa's  ganglion,  the  vestibu- 
lar branch.  Both  of  these  ganglia  are  sensor}-,  resembling  the 
porterior  root  ganglia  in  structure.    The  ninth  nen'e  is  also  mixed, 

efferent  fibers  arising  from  the  motor  nucleus  in  the  medulla, 
the  8en8or>'  fibers  arise  in  the  superior  and  petrosal  ganglia 
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found  on  the  nerve  at  its  emergence  from  the  skull.  The  tenth  is  a 
mixed  nerve,  its  efferent  fibers  arising  in  motor  nuclei  in  the  me- 
dulla.  the  afferent  fibers  in  the  nerve  cells  of  the  gangha  lying  upon 
the  tnmk  of  the  nerve  at  its  exit  from  the  skull  (ganglion  jugulare 
and  nodosum).  The  eleventh  and  twelfth  cranial  nerves  contain 
only  efferent  fibers  that  arise  from  motor  nuclei  in  the  medulla. 

It  will  l)e  seen  from  these  brief  statements  that  in  all  the  ner\'e 
tninks  of  the  central  nervous  system — that  is,  the  spinal  and  the 
cranial  norves^tho  ceils  of  origin  of  tlie  efTcrcnt  fibers  lie  within 
the  gray  matter  of  the  brain  or  cord,  while  the  cells  of  origin  of  the 
afferent  fii>ers  lie  in  sensory  ganglia  outside  the  central  ner\*ous 
system,— namely,  in  the  posterior  root  ganglia  for  the  spinai 
nerves,  in  the  ganglion  seniilunare  {(.laKseri),  the  g.  geniculi.  the 
g.  spiralr,  the  g.  vestibulare,  the  g.  suj>erius,  and  g.  petrosum  of  the 
glossojiharj-ngeal,  and  the  g.  jugulare  and  g.  nodosum  of  the  vagus. 
These  various  sensor>'  ganglia  attached  to  the  cranial  ner\'es  corre- 
spond essentially  in  thcMr  structure  and  physiology  with  the  posterior 
root  ganglia  of  the  spinal  nerves. 

Independent  Irritability  of  Nerve  Fibers. — Although  the 
nerve  filjers  under  normal  conditions  arc  stiniulut^'d  only  at  their 
ends,  the  efferent  fifK?rs  at  the  central  end,  the  aJTcrent  at  the 
jjcripheral  end,  yet  any  ner\'e  filx^r  may  be  stimulated  b}'  artificial 
means  at  any  i>oint  in  its  course.  Artificial  stimuli  capable  of 
affecting  the  ner\'e  fiber — that  is,  capable  of  generating  in  it  a  nen'e 
impulse  which  then  propagates  itself  along  the  fiber — may  l»e  divided 
into  the  following  groups: 

1.  Cfiemicaf  stimuli.  X'arious  chemical  reagents,  when  apphed 
directly  to  a  nen*e  tnmk,  excite  the  nerve  fil:>ers.  Such  reagents 
are  concentrat^?d  solutions  of  the  neutral  salts  of  the  alkalies,  acids, 
alkalies,  glycerin,  etc.  This  method  nf  .**liimdation  is  not,  however, 
of  mucli  practical  value  in  ex|)erimental  work,  since  it  is  difficult  or 
impossible  to  control  the  reaction, 

2.  Mi'chanioil  stimuli.  A  blow  or  pressure  or  a  mechanical  in- 
jur>'  of  any  kind  applied  to  a  nerve  tnuik  also  excites  the  fil)ers. 
This  method  of  stimulating  the  fibers  is  also  difficult  to  c<nitroI 
and  lui.s  haih  then.'fore,  a  limited  application  in  exix^rimental  work. 
The  mechanical  stinuihis  is  essentially  a  pressure  stimulus,  and  the 
difficulty  lies  in  controlling  this  pressure  so  that  it  shall  not  actually 
destroy  the  nerve  fiber  by  nipturing  the  delicate  axis  cylinder. 
Various  instnmients  have  be<»n  devised  l>y  means  of  whirh  light 
blows  may  be  given  to  the  nen'c,  suflicient  to  arouse  an  impulse, 
but  insufficient  to  j^ermanently  injure  the  fibers.  The  results  ob- 
tained by  this  method  have  been  very  valuable  in  physiology  as  con- 
trols for  the  exi)eriments  made  by  the  usual  method  of  electrical 
stimulation.     It  may  Ije  mentioned  also  tliat  under  certain  condi- 
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ticM-_ tor  instance,  at  one  stage  in  the  regeneration  of  nerve  fibers — 
■fad  stimuli  may  be  more  effective  than  electrical, — that  is, 
may  stimulate  the  nen^e  fiber  when  electrical  stimuli  totally  fail 
todoso. 

3,  Thtrmnl  stimuli,  A  sudden  change  in  temperature  may 
aulate  the  nen'e  fibers.  This  method  of  stimulation  Is  ver>' 
fective  for  motor  fibers,  only  ver>- extreme  and  sudilen  changes, 
0Uch  na  may  be  obtained  by  applying  a  heated  wire  tUrertly  to 
the  ncn'e  trunk,  are  capable  of  yo  stimulating  them  as  to  produce 
a  muMnilar  contraction.  On  the  other  hand,  the  sensory  nerve 
fibers  arc  quite  sensitive  to  changes  of  temperature.  If  a  nerve 
trunk  in  a  man  or  animal  l'^  suddenly  cooleil,  or  e.-^iiefiiilly  if  it  is 
aaddealy  heateii  to  60"^  to  70°  C,  violent  pain  results  from  the 
aCinmlation  of  the  «en8or>'  fibers  in  the  trunk,  while  the  motor 
fiben  are  apparently  not  acted  upon.  We  have  in  this  fact  one 
ot  several  difTerenccs  in  reaction  between  motor  and  sen.sorj'  fibere 
which  have  been  noted  from  time  to  time,  and  which  seem  to 


I 
I 
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nc>S9. — ftthnnliTiitg  (catheter)  elerl rTMl(>.«  forncrve?:  b,  Binding  poets  for  attAchmeot 
cf  wiMft  Iram  tiM  — eondary  ooU:  «*  uumiittinK  aluMtb  of  hard  rubber;  p.  platiuum  poinu 
Ul  as«a  Um  nerr*. 

indieate  that  there  is  some  essential  difference  in  structure  or  com- 
pQBlSon  l)elween  them. 

4.  Elrctrical  stimuli.  Some  form  of  the  electrical  current  is  be- 
3rood  qticstion  the  most  effective  and  convenient  means  of  stimulat- 
ing nen'e  fibers.  We  may  employ  either  the  galvanic  current —that 
is.  the  current  taken  directly  from  a  battery — or  the  induced  current 
from  the  secondary  coil  of  an  induction  appamtus  or  the  so-called 
ftatic  electricity  from  a  I^yden  jar  or  other  source.  In  most  experi- 
mental work  the  induced  current  Lh  used.  The  terminal  %\-ire.s  from 
the  «eeondar>'  coil  are  connected  usually  y\'iih  platinum  wires  im- 
bedded in  hard  nibber,  forming  what  is  known  a**  a  stimulating  elec- 
tfode.  (See  Fig.  29).  By  this  means  the  platinum  ends  which  now 
form  theck-ctrodes,  anode  and  cathode,  can  be  placed  close  together 
U|Jon  the  nen*e  trunk,  and  the  induced  current  passing  from  one  to 
the  other  thnmgh  a  short  stretch  of  the  nen'e  sets  up  at  tliat  ]3oint 
^Wgrve  impulses  which  then  propagate  themselves  along  the  ner^•e 
tbent.  The  induction  current  \»  convenient  because  of  its  intensity, 
which  overcomes  the  great  resistance  ofTered  by  the  moist  tissue;  be- 
cause of  its  very  brief  duration,  in  consequence  of  which  it  acts  as  a 
I,  quick,  single  stimulus  or  shock,  and  because  of  the  great  ease^ 
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with  which  it  may  be  varied  as  to  rate  and  as  to  intensity.  Each 
time  thjit  the  battery  current  in  the  primar}-  coil  is  made  or  broken 
there  is  an  induction  current  established  in  the  secondary  coil, 
and  if  the  ner\T  is  on  the  electrode  the  current  passes  tlirough  it 
and  stimulates  it,  This  induced  current  k,  however,  extremely 
short,  and  alternates  in  dirertinn,  ]iassing  in  one  direction  when  the 
primar}'  current  is  made  and  in  the  opposite  direction  when  it  is 
broken.  The  induced  current  set  up  l^v  the  making  of  the  battery 
current  in  the  primary  coil  we  designate  as  the  making  shock,  that 
set  up  by  tlie  l>reaking  of  the  current  in  the  primarv'  as  the  breaking 
shock.  On  account  of  the  vcr>'  brief  liunition  of  the  induced  cur- 
rent it  is  difficidt  to  distinguish  between  the  eflfects  of  its  opening 
and  closing. 

The  Stimulation  of  the  Nerve  by  the  Galvanic  Current- — When 

however,  we  einjaloy  the  galvanic 
current,  taken  tlirertly  from  a  bat- 
tery, as  a  stimidns,  we  can,  of 
course,  allow  the  current  to  pass 
through  the  nerve  as  long  as  we 
pkvise  ami  can  thus  study  the  effect 
of  the  closing  uf  the  current  as 
distinguished  from  that  of  the  open- 
ing, or  the  effect  of  duration  or 
direction  of  the  current,  etc, 

Du  Bois-Rcfjmond^s  Law  of  Stim- 
idaiion. — When  a  galvanic  current 
is  led  into  a  motor  nerve  it  is 
found,  as  a  nde,  that  with  all 
moilerate  sti-engths  of  currents  there 
i^  a  stiuiukis  to  the  nerve  at  the 
moment  it  is  closed,  the  making  or 
closing  stimuhis,  and  another  when 
the  current  Is  bmken,  the  breaking 
or  opening  stimulus,  while  during 
the  passage  of  the  current  through  the  nerve  no  stimulation  takes 
place:  the  muscle  remains  relaxed.  We  may  express  this  fact 
by  flaying  that  the  motor  nerve  fibers  are  stimulated  by  the  mak- 
ing and  the  breaking  of  tlte  current  or  by  any  sudden  change 
in  its  intensity,  but  remain  uiLstimulated  during  the  passage  of  cur- 
rents whose  intensity  does  not  vary. 

Tfie  Anodid  and  Cathodal  Stimidi. — It  has  been  shown  quite  con- 
clusively that  the  ner\'e  impulse  started  by  tlie  making  of  the  current 
arises  at  the  cathode,  while  that  at  the  bnviking  of  the  current 
begins  at  the  anode,  or,  in  other  words,  the  making  shock  or 
stimulus  is  cathodal,  while  the  breaking  stimulus  is  anotlal.     This 


FtK.  30. — Schema  of  tbe  arraiigo- 
men t  of  apparatu»  forfftimulatiniK  the 
ner>'C  by  a  galvanic  current;  b.  The 
battery;  k,  the  key  ivr  ofioninK  uiut 
clo«dnK  the  circuit:  c,  the  conimutator 
for  reversing  the  direction  of  the  cur- 
rent; +  the  anmle  or  positive  polo; 
~~  the  catho<le  or  negative  pole. 
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farl  is  true  for  muscle  as  well  a-s  nerve,  and  possiljly  for  all  irritable 
tiBBUOS  capable  of  stimulation  by  the  galvanic  current.  This 
important  generalization  may  he  ilcinonstrate*!  for  motor  ncr\'es 
by  seimn&ting  the  anode  ami  cathrnle  as  far  as  possible  and  re- 
f»K.x!i)i>5  the  latent  period  for  the  contractions  eaviged  respect- 
ively by  the  makinjj  and  the  breaking  of  the  current  in  the  nerve. 
If  the  cathoile  is  nearer  to  the  muselc  the  latent  porioil  of  the  mak- 
ing conlniction  of  the  mu8cle  will  be  shorter  than  that  of  the  hreak- 
tnf  tontrartion  liy  a  lime  equal  to  that  nceessar}'  for  a  nerve  iinpiiLse 
to  tmvel  the  tli.'^t^nce  between  anode  and  cathode.  If  the  positi<^in 
of  the  electnxles  is  reversed  the  latent  period  of  the  making  eon- 
ttftction  will  be  correspondingly  longer  than  that  of  the  breaking 
eontraction.  It  is  ver>^  evident  from  these  fa4'ts  that  when  a 
cnrrent  is  passed  into  a  ner\'e  or  mii.scle  the  changes  at  the  two 
palm  are  different,  as  shown  by  the  diffen^nces  in  reactions  and 

kyvop^rties  of  the  nerve  at  these  points.  It  is  interesting  to  add 
tlut  IV?the  has  shown  recently  that  this  difference  may  be  demon- 
ttnti^i  histologically.  After  the  passage  of  a  current  through  a 
fcnx  for  some  time  the  axis  cylinders  stain  more  deeply  than 
normal  at  the  cathode  with  certain  dyes  (toluidin  blue),  while  at 
the  aoode  they  stain  less  deeply. 

Eir€tfotonuit.--Th(>  altered  condition  of  the  nerve  at  the  poles 

during  the  passage  of  the  galvanic  current  is  designated  as  clectro- 

tanus,  the  coiulition  at  the  anode  being  kno^\^l  as  anelectrutontis, 

on  the  cathcMlul  side  as  cateleetrotonus.     The  elertrotonns  expresses 

itaelf  as  a  «"hange  in  the  ele<'trical  condition  of  the  nerve  which  gives 

ii»  to  currents  known  as  the  eleetrotonie  currents, — a  brief  descrip- 

nf  these  currents  will  \ic  given  in  the  next  chapter, — and  also 

a  change  in  irritability  and  conductivit}*.    The  latter  changes 

were  first  carefully  inve8tigate<i  by  Pfliiger,  wlio  showed  that  when 

the  galvanic  current,  or,  as  it  is  usually  called  in  this  connection, 

the  pobmxing  current,  is  not  too  strong  there  is  an  increase  in 

initability  and  conductivity  in  the  neighl>orhood  of  the  cathode, 

the  »o-rjille*l  catelectrotonic  increase  of  irritabiUty,  while  in  the 

region  of  the  anmle  there  is  an  anelectrotonic  decrease  in  irrita- 

ily  and  conductivity.     These  opposite  variations  in  the  state 

the  ner\'e  are  repres€»nted  in  the  accompanying  diagram.     Be- 

two  }X)k's— that  is,  in  the  intrapolar  region — there  is, 

^,  an  indifferent  point,  on  one  side  of  which  the  irritability  * 

of  the  ner\'e  is  above  normal  and  on  the  other  side  below  normal. 

position  of  this  indifferent  point  shifts  toward  the  cathode 

the  stren^h  of  the  polarizing  current  is  increased.     In  other 

vonls,  as  the  current  increases  the  aneleetrotonus  spreads  more 

I  nfkidly  and  becomes  more  intense,  and  the  conductivity  in  this 

ID  aoon  becomes  so  depressed  as  to  block  entirely  the  passage 


a 


THE   PHYSIOLOGY. or  MUSCLE   AWD  NERVE. 


of  a  nerve  impulse  through  it.  The  changes  on  the  cathodal  side 
are  nf)t  so  constant  nor  so  distinct.  Later  observers*  have  sliovMi, 
in  fact,  that  if  the  jjohirizing  current  is  continued  for  some  time 
the  heightened  irritability  at  the  cathode  soon  diminishes  and 
sinks  Ix^low.norauil,  6*0  that  in  fact  at  the  cathode  as  well  as  at 
the  anode  the  irritability  may  be  lost  entirely.  If  the  polarizing 
current  is  very  strong  this  deprr^sso^l  irritability  at  the  cathode 
comes  on  practically  at  once.  Moreo\er,  when  a  strong  current 
that  has  been  passing  through  a  nen-e  is  broken  the  condition  of 
depressed  irritability  at  the  cathotle  persists  for  some  time  after 
the  opening;  of  the  currrnt. 

Pflfuftr's  Iaiw  of  StimnhtHon. — It  was  said  above  that  when 
a  galvanic  current  is  puased  into  a  nerve  there  is  a  stimulus  (catho- 
dal) at  the  making  of  the  current  and  another  stimulus  (anodal) 


ne.  31. — Electrotonio  iilteratitms  of  im**bilily  cau>*<-l  hy  weak.  n:e<liuM),  and  »tmn« 
bat(er>'  eurrentn:  A  and  H  indicate  the  iioiiitrt  of  aiiplicatton  of  the  elect ro<le>  to  the  nerve.  A 
hciiiB  the  anode,  B  the  cathode.  The  hurizuiitil  line  repre^entn  the  »*>rve  at  narvnhi  irri- 
tability; the  ourvod  line«  illuF<trate  how  the  irritjibility  i-»  n1tere«l  at  diffcrerit  parts  of  the 
nerve  with  ourrentsof  <liffereut  nirenfftKjt.  Curve  v*  shows  thp  rflen  of  u  wejik  riirrent.  the 
port  below  1h*  line  indicating  dtcroutefl.  anri  that  abrtve  the  line  inrreti-^fl  irritiiliiliry ;  al  r* 
the  curve  emese*  the  line,  thw  beiuK  the  indifterent  point  nt  which  tlie  Wilelecirt.tnnic  effects 
are  cofniwnnated  for  by  unelectrot<inir  ofTeci-*;  y"  jrives  the  effect  of  a  strfiiieer  current,  and 
y*.  of  tt  -(till  fltnm^er  current.  \n  the  strenRth  of  the  cumMit  b.  increawd  the  effect  becf.mes 
creater  and  exlendft  farther  into  the  evtrupohir  reKioriH.  In  the  intmpolar  refrinn  the  in- 
different point  i»  «een  to  a^ivance,  with  increasing  strenflrths  of  current,  from  the  anode 
toward  lua  cathode.— (£.onibanf.) 


at  the  breaking;  of  the  current.  This  statement  is  true,  however, 
only  for  a  certain  range  of  currents.  Of  the  t\vo  stimuli,  the  making 
or  cathodal  stimnlu.s  is  the  stronfcer.  and  it  follows,  therefore, 
that  when  the  stren^h  of  the  current  is  diniinishf^d  there  will  come 
a  certain  point  at  which  the  anorlal  fitimulus  will  (irf)p  c»ut.  With 
weak  ctirrcnts  there  is  then  a  stiimdus  only  at  (bo  make.  On  the 
other  hand,  when  very  strong  currents  are  used  the  stimuli  that  act 
at  the  two  polos  sot  up  nen'e  impulses  whose  passage  to  the  muscle 
may  be  blocked  by  the  dcpre.sspd  conductivity  caused  by  the  electro- 
tonic  changes.     Whether  or  not  the  stimulus  ^^ill  be  efTective  in 

*WeriKo.  "Pfluper's  Archiv."  84,  547.  1901.     See  Biedermann.  "  Elec- 
trophysiology,"  translated  ljy  W(.»lby»  vol.  ii,  p.  140. 


THE  PHENOMENON  OF  CONDUrriON,  »0 

eausing  a  contraction  in  the  attached  muw'le  will  depend  naturally 
on  the  relative  positions  of  the  electrodes, — that  Is,  on  the  direction 
rjf  the  current  in  the  nerve.  In  describing  the  elTect  of  these  strong 
furrents  we  must  distinguish  between  what  are  culled  ascending 
and  descending  currente.  Ascending  currents  arc  those  in  which 
the  direction  of  the  current  in  the  nen^e  is  away  from  the  muscle, 
a  position  of  the  ptoles,  therefore,  in  which  the  anode  is  closer  to 
the  muscle.  In  descending  currents  the  jxisitions  are  reversed. 
Pfluger*s  law  of  contraction  or  of  stimulation  takes  account  of 
the  effect  of  extreme  variations  in  the  strength  of  the  current 
and  is  usually  expressed  in  tabular  form  as  follows;  The  letter  C 
indicates  that  the  nerve  is  stimulated  and  causes  a  contraction  in 
the  attached  muscle,  and  O  indicates  a  failure  in  the  stimulation 
(weak  currents)  or  a  failure  in  the  nerve  impulse  to  reach  the  muscle 
owing  to  blocking  (strong  currents). 


Ftc-  32. — Schema  to  abow  the  amuiReiiient  of  apparstua  for  an  a^wwDding  and  a  (JescoDdiag 
current:    .4,  af«en<Jing;   />,  demand  in  g. 


AacENDlNQ  Cfbrevt. 

DKfiCENOiNO    CCBRENT. 

Making.      Breaking, 

Maktna.     Breaking. 

Verv*  w«ak  currontt*  . .  C               0 

c          o 

Moflerate          "      C                C 

c          c 

Very  strong    "     ....0              C 

c          o 

The  effects  obtainefl  with  the  strong  currents  are  readily  under- 
stood if  we  hoar  in  mind  the  facts  stated  above  regarding  electrf*- 
tonus.  When  the  cura^nt  is  ascending  the  stimulus  on  making 
starts  from  the  cathode,  but  cannot  reach  the  muscle  because  it 
is  blocked  by  a  region  of  anelectrotonus  in  which  the  conduc- 
tivity is  depressed.  The  stimulus  on  breaking  takes  place  at 
the  anode  and  the  impulse  enrounters  no  resistance  in  its  passage 
to  the  muscle.  With  the  descending  current  the  cathode  lies  next 
to  the  muscle  and  the  making  or  cathodal  stimulus  of  couree  causes 
a  contraction.  On  breaking,  however,  the  impulse  that  is  started 
from  the  ano<le  is  blocke<l  by  the  depressed  irritability  in  the 
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cathodal  region,  which,  as  has  been  said,  comes  on  promptly  with 
strong  rurrents  and  i:>ersists  for  a  timo  after  the  current  is  broken. 

The  Opening  and  the  Closing  Tetanus. — \Miile  the  du  Bois- 
Rcyinond  law  stated  above  expresses  the  facts  as  usually  observed 
upon  a  nerve-muscle  preparation,  there  are  a  number  of  observa- 
tions which  indicat.c  that  the  excitation  at  the  anode  and  the 
cathode  during  the  passages  of  a  current  may  give  rise  to  a  series 
of  stimuli  instead  of  a  single  stimulus.  Thus  with  sensor}'  ner\'es 
it  is  well  known  that  the  stimulation,  as  judged  by  the  sensations 
aroused,  continues  while  the  current  is  passing  instead  of  being 
limited  to  the  moment  of  making  or  of  breaking  of  the  current.  In 
this  respect,  as  in  stimulation  by  hit^h  tem[>enitures,  the  sensor>'  fibers 
differ  apparently  from  the  motor.  When  a  galvanic  current  is  passed 
through  the  ulnar  nerve  at  the  elbow  sensations  are  felt  during  the 
entire  time  of  passage  of  the  current.  But  in  an  ordinary-  nerve- 
muscle  preparation  it  is  also  frcqviently  obser\^ed  that  at  the 
moment  of  opening  the  current  a  tetanic  contraction,  persisting  for 
sometime,  is  obtained  instead  of  a  single  twitch.  This  j>henomenon 
is  known  as  the  ofx^ning  tetanus  or  Ritter's  tetanus,  and  Pfliiger 
has  shown  that  the  continuous  excitation  proeeeds  from  the  anode, 
since  in  the  case  of  a  descending  cAirrent  division  of  the  ner\'e  in 
the  intrapolar  region  brings  the  muscle  to  rest.  In  the  same  way 
it  frequently  happens  that  u|x>n  closing  the  current  through  a  nen^e 
the  muscle,  instead  of  giving];  a  twitch,  goes  into  a  persistent  tetanic 
contraction.  The  tetanus  in  this  case  is  fle^ignated  as  the  closing 
or  Pfliiger's  tetanus.  Both  of  these  phenomena  are  observed 
especially  when  the  irritability  of  the  ner^•e  is  for  any  reason  greater 
than  normal, ^or  instance,  when  it  has  been  cooled  to  a  low  tem- 
perature. It  seems  probable,  therefore,  to  many  observers  that 
the  excitation  at  the  cathode  persists  in  reality  during  the  passage 
of  the  current  even  in  motor  fil>ers,  although  ordinarily  the  exci- 
tation makes  itself  felt  upon  the  muscles  only  at  the  moment  of 
closure;  the  excitations  during  the  passage  of  the  current  being 
either  too  weak  to  affect  the  muscle  or  the  condition  of  the  ner\'e 
being  such  as  to  prevent  their  rondnction  to  the  muscle.  It  should 
be  added  that  the  opening  and  the  closing  tetanus  may  be  observed 
also  in  a  muscle  when  the  galvanic  current  is  passed  through  it. 

Stimulation  of  the  Nerves  in  Man, — For  therapeutic  as  well 
as  diagnostic  and  experimental  i)urjM)8<\s  it  often  l>ecomes  desirable 
to  stimulate  the  nerves,  particularly  the  motor  ner\'es,  in  man. 
We  may  use  for  this  purpose  either  the  induced  (faradic,  alternat- 
ing) current  or  the  direct  battery  current  (galvanic  or  continuous 
current).  In  such  cases  the  electrodes  cannot  be  applied  of  course ' 
directly  to  the  nerve;  it  becomes  nec^essar>'  to  stimulate  through 
the  skin,  and  the  so-called  unipolar  method  is  employed.     The 
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Ipolar  method  consists  in  placing  one  electrode,  the  active  or 

Emulating  electrode,  over  the  ner\'e  at  the  point  which  it  is  rlesired 

to  stimulate,  while  the  other  electrode,  the  inactive  or  indifferent 

cjcetnxlc,  is  applied  to  the  skin  at  some  more  or  less  renioto  part, 

uaualhr  at  the  back  of  the  neck.     The  indifferent  electrode  is  made 

lar^ce  etiough  to  cover  several  square  centimeters  of  the  skin  and 

one  may  conceive  the  threads  of  current  passing  from  it  into  the 

moist  tissues  of  the  body  and  thence  t«  the  active  electrode.     As  the 

threads  of  current  condense  to  tliis  electrode  they  pass  through 

the  motor  ner\'e  which  lies  under  it,  and  if  sufficiently  intense  will 


.  IW  n. — Bohams  to  »how  the  unipolar  method  of  stimulntion  In  man.  The  aaod«, 
'^,  ift  ripiyufd  KB  the  stimuUtitig  pole,  sppliod  over  the  mediiko  iierve.  The  cathode, 
^.  i»  (b*  iodUEennl  pole. 

%unulat«  the  nerve.    The  arrangement  is  represented  in  the  accom- 

l^anymg  schenui  (Fig.  33),  showing  the  disposition  of  the  electrodes 

l"or  stimulating  the  metlian  nerve.     At  the  indifferent  electrode  the 

^cnoory  ner\'es  of  the  skin  are  of  course  stimulated,  but  no  motor 

t^esponse  is  obtained,  as  no  motor  nerve  lies  inime<^liately  under  the 

Bidn.     Moreover  the  large  size  of  this  electrode  tends  to  diffuse  the 

turrent  and  thus  reduce  its  effectiveness  in  stimulatinjg;.     The  active 

or  Htimulating  electrode  is  small  in  size,  particularly  when  induction 

currents  are  employed,  so  that  the  current  may  be  condensed  and 

thus  gain  in  effectiveness.    The  dry  surface  of  the  skin  is  a  poor 
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conductor  of  the  eiectriral  current,  and  to  reduce  the  resistance  at  the 
poLftt*  at  which  the  electrodes  come  in  contact  with  the  akin  each  is 
covered  with  cotton  or  chanxns  skin  kept  moistened  with  a  dilute 
saline  solution. 

Motor  Points. — By  means  of  the  unipolar  method  nearly  even' 
voluntary  muscle  of  the  body  may  be  stimulated  separately.  All 
that  is  necessary,  when  the  Lndticed  current  is  used,  is  to  bring  the 
active  electrode  as  nearly  as  possible  over  the  spot  where  the 


Fiff.  M. — Motor  pninu  in  upper  flxtrarally. 


muscle  receives  its  motor  branch.  A  diagram  showings  these  motor 
pr»int8  for  the  arm  is  given  in  I'ig.  34.  In  the  same  way  the  nerves 
of  the  brachial  plexus  and  otherncr\'e  tnmks  may  be  stimulated  ver\- 
rea<lily  through  the  skin.  When  the  induction  current  is  use<l  no 
ijistinction  can  be  made  between  the  cathtxlic  and  anodic  eiTects. 
When,  however,  the  hatter\'  current  is  employed  one  may  make 
the  stimulating  electrode  either  anotlc  or  catho<le.  and  under  these 
circumstances  a  marked  dillerenc^e  is  observed  in  the  strength  of 
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the  ruiTpnt  that  it  is  necessan'  to  use  to  get  a  response.  With  the 
baUery  orgnlvunir  rurrent,  in  fact,  one  niay  distinguish  four  stimuli, 
tbe  closing  and  the  opening  shock  when  the  stimulating  electrode 
it»  tbe  cathode  and  the  closing  and  the  opening  shock  when  it  is 
the  aSMMle.  The  contractions  rewulling  frcmi  thesp  four  stimuH  are 
derifBftted  usually  as  follows:  The  ratho<hit  closing  contraction. 
CCC;  the  cathodal  opening  contraction,  COC;  the  aruxlal  clos- 
w^  ooatmction,  A  C  C;  and  the  aufxlal  opening  contraction^ 
A  O  C.  Their  relative  efficiency  as  stimuli  is  given  by  the  sequence 
CCC>ACC>AOC>C(  )"C,  although  this  sequence  is  subject, 
80  far  as  the  first  two  members  are  concerned,  to  some  individual 
variation.  Certain  patholofdcal  or  traumatic  lesions  that  cause  the 
degeoeratioa  of  the  nerves  may  be  revealed  by  the  use  of  these 


.  Tic.  S&. — ^Tvo  jKbemAU.  to  show  th«  r«latinn  iM'tween  the  phyiiinil  and  the  phyMo* 
Mpal  ■iBBtrndaii  or  pcia*.  Each  Mb«riiu  reprveeut!^  the  fureAno  with  the  mediun  nerve. 
M.  la/thstlilBalBtuijrelectrode  bt  the  catho'lo:  the  thmul*  of  current  M-litrh  have  i^tartiHl 
^Vthaaaods  (the  indiflereDt  •lectmde)  (>Uce(l  ebewbere.euoverKe  to  rhU  iK<le.  Wher« 
VBtttMiktaltrCkeDerve  ««have»  Mnas  of  phyaiolofieAl  ftoudes,  a;  where  thev  leave. 
ijlily  iiTiiluwJjitiral  eatboden.  c.  Id  //  the  BtunuUung  electrode  is  the  aiHMle.  The 
''^^       *  ~  leaw  this  pole  to  tnversB  tbe  body  toward  the  indifferent  electrode 

they  enter  and  leave  tbe  nerve  we  have,  an  in  tbe  first  case,  physlo- 
^IbodM.  I  * 


tl5C  el  ffmo!  iMTi 


DOW,  however,  on  the  opposite  side^  of  tbe  oerve. 


nirtijodfl  of  stimulation.  The  nerve  trunk  under  such  circum- 
fltuces  fails  to  respond  to  either  form  of  ptimulus,  induced  or  gal- 
nnif.  The  muscle,  on  the  other  hand,  while  it  fails  to  respond  to 
iDiiuction  shocks,  is  stimidated  by  the  galvanic  current  and  shows 
'''^in  qualitative  changes  in  its  reactions  to  this  latter  form  of 
^linniLition.  For  instance,  under  these  conditions  the  A  C  C  is  olv 
Uinotl  tsrith  less  current  than  the  C  C  C,  a  relation  which  is  just  the 
f^vense  of  the  normal.  This  qualit^itive  and  cjuantitative  change 
*  reartion  to  the  galvanic  current,  and  the  loss  of  irritability  to  the 
t^vhced  current,  constitute  what  is  kno\vn  as  the  reaction  of  degcn- 

Distinction  between  Physical  and  Physiological  Poles. — ^The 

^*ct«  states!  alwive  iseeni  to  show,  at  firnt  sight,  that  by  the 
unipolar  method  we  may  obtain  lx3th   an  opening  and  a  closing 
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shock  at  either  the  cathode  or  anode, — a  result  which  is  in 
apparent  contradiction  to  the  general  law  that  the  making  or 
closing  stimulus  occurs  only  at  the  cathode  and  the  breaking 
or  opening  stimulus  only  at  the  anode.  This  apparent  contra- 
diction is  readily  explained  when  we  remember  that  in  the 
unipolar  method  the  active  electrode  rests  upon  the  skin  over  the 
nerve,  and  that  the  threads  of  current  radiatii^  from  this  point 
enter  the  nerve  at  one  point  and  leave  it  at  another.  Evidently, 
therefore,  so  far  as  the  nerve  is  concerned,  there  will  be  an  anode 
where  the  current  is  considered  as  entering  the  nerve  and  a  cathode 
where  it  leaves  it,  so  that  under  the  active  electrode,  whether  this 
is  physically  an  anode  or  cathode,  there  will  be,  as  regards  the 
nerve,  a  series  of  what  may  be  called  physiological  cathodes  and 
anodes.  The  closing  shock  arises  at  these  cathodes,  the  opening 
shock  at  the  anodes.  The  position  of  the  series  of  anodes  and 
cathodes  will  vary  according  as  the  active  electrode  is  an  anode 
or  cathode,  as  is  indicated  in  the  accompanying  diagram  (Fig.  35). 


CHAPTER  IV. 

THE  ELECTRICAL  PHENOMENA  SHOWN  BY  NERVE 
AND  MUSCLE. 

IjThe  Demarcation  Current. — Our  definite  knowledge  of  the 
properties  of  living  tissue  began  with  the  celebrated  in- 
fttions  of  du  Bois-Reyraond*  (1843).  When  a  muscle  or 
'nerve  is  removed  from  the  boiiy,  and.  in  the  ca<e  of  the  miuscle, 
one  tendinou.s  end  is  cut  off,  it  is  found  that  the  cut  end  has  an 
electrical  potential  that  differs  from  that  of  the  uninjured  longi- 
tudinal surface  of  the  preparation.  Following  the  usual  nomen- 
ftture,  the  cut  end  is  electronegative  as  regards  the  longitudinal 
saiface.  If,  therefore,  the  longitudinal  surface  Ls  connecte<i  by 
a  conductor  with  the  cut  surface  a  current  will  flow  fmm  the 
former  to  the  latter,  as  is  indicated  in  the  accompanying  diagram. 


fic  30. — Sebflms  ahowiaf  the  ootme  of  the  demArc&tioa  current  in  ui  excised  nerve, 
-~i  «  pauit  oo  the  loogicudioal  sod  ooc  oa  the  cut  surface  are  united  by  a  conductor. 


While  the  direction  of  the  current  through  the  conductor  coa- 
ting the  two  p)oint«  is  from  the  longitudinal  to  the  cut  surface 
current  may  be  considered  as  l>eing  completed  in  the  opposite 
direction  within  the  substance  of  the  muscle  or  nerve,  as  shown 
the  diagram.  We  may,  in  fact,  consider  an  excised  nerve  or 
cle  as  a  battery,  the  cut  end  repre.M?nting  the  zinc  plate  and 
the  longitudinal  surface  the  copper  plate.  Within  the  battery 
the  direction  of  the  current  is  from  zinc  to  copper,  from  cut  end 
to  longitudinal  surface;  outside  the  batter^'  the  direction  Ls  from 
>pper  to  zinc,  from  longitudinal  to  cut  surface.  If  two  wires 
^are  connected  with  the  muscle  or  nerve  the  end  of  the  one  attached 
to  the  long;itudinal  surface  will  represent  the  positive  pole  or  anode, 
the  end  of  the  one  attached  to  the  cut  end  will  represent  the  cathode 

'  ''Uniereucfauiigea    uber   thieri^icbe   Elektric-itut,"   du    Bois-Reyniond, 
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or  negative  pole.    On  joining  the  ends  of  the  wires  a  current  will 
paea  from  positive  to  negative  }x>le. 

A  current  of  this  character  from  an  excised  ner\'e  or  muscle 
is,  of  courfic,  small  in  amoimt  and  to  detect  it  one  must  make 
use  of  a  delicate  electrometer  of  some  sort  (see  below).  Du  BoLs- 
Re>Tnon<l  considered  that  the  difference  in  electrical  potential 
which  gives  rise  to  this  current  exists  normally  in  the  muscle, 
although  masketl  by  an  opposite  condition  in  the  tendinous  ends, 
and  ho  therefore  spoke  of  the  currents  as  the  natural  muscle  or 
natural   nerve  current.     It  has  since  been  shown   by   Hermann 

that  this  view  'is  incorrect,  that  the 
perfectly  normal  uninjured  muscle  or 
nerve  has  the  same  electrical  potential 
throughout  and  will  therefore  gi\-e  no 
current  when  any  two  ix)ints  are  con- 
nected by  A  conihictor.  Moreover,  the 
completely  dead  muscle  or  nen'e  shows 
no  current.  The  difference  in  jK)ten-l 
tial  that  is  found  in  the  exc: 
nerve  or  nuiscle  is  due,  according  t^jf 
Hermann,  to  the  fact  that  at  the  cu 
end  the  nen^e  or  muscle  is  injured.  The 
chemical  changes  tlial  take  place  as  a 
result,  of  the  injury  nmke  the  tissue 
electronegative  as  regards  the  un- 
changed living  substance  elsewhere. 
F<ir  this  reason  Hermann  described 
the  current  obtained  as  a  demarcation 
current;  others  have  called  it  the  cur- 
rent of  injur>\ 


■) 


Yit.  37.  —  Schcmn  nhowiriK 
the  principle  of  conHinjctinn  nf 
the  Kalvamxneter:  A/.Ttie  nian- 
nnt  HUH|icndeil  by  a  threa/1:  B, 
rhe  baliery,  whh  the  win*'?  lcft«I- 
iiiK  off  tlui  currvut  euorcliiic  tbo 


Means  of  Demonstrating  the  Demarcation  Current. — The  «lemarra- 
lion  rurreiit  and  otlier  electrical  comlit  iotts  to  l>e  <lRscril)e<J  re*iuire  e^iMxisil 
upparnlus  for  their  stui.iy.  To  detect  the  existence  of  a  current  physioloeists 
uj*e  either  ii  liiffh-resistunce  palvmwmieter  or  a  capillnrv  eloctroiiieter.  Tho 
Kulvanonieter^  eninloyed    are    iL-^ujiUy  of  two    tyj^es,  tlie    Kolviii    reflecthig 

f:alvanoineter  or  tno  d'Arsoiival  fomj.     Tlio  principle  of  the  galvanometer 
i€»  in  the  fart  that  a  magnetic  needle  is  deflected  when  an  electrical  current 
puMRCH  through  a  wire  in   its  vicinity.      As  shoivn  in  the  occompanyinK   dia- 
CTAm.  if  11  niajrnrtic  needle  is  swung  by  a  delicate  ihrejul  so  as  to  move  e^tsily 
it  will  come  to  rest  in  the  mapnetic  nicridian  wilh  its  n<»rth  \h}\g  iKMntinffj 
north.      If  now  a  wire  i.s  curved  ronrnl  it  and  a  battery  current  is  .*ent  tlirnu^nl 
thia  wire  the  needle  will  l>e  ilellDcted  to  llie  right  if  the  current  pa.*iseH  In  on© ' 
direclinn  and  to  the  loft  if  it  passes  in  tlie  opposite  direcdnn.     The  move- 
ment of  the  needle  i^  an  tnfUcatton  of  tlie  presence  mid  dire<i  hm  of  the  efectrical 
current  in  the  wire.    The  extent  of  deflection  of  the  needle  may  l>e  Uf»etl  to 
metLKure  the  strength  rjf  the  current  by  a^icertftining  the  anitunit  of  ilefleetion 
c«U'<c<l  I)y  a  standard  battery.     Tlie  effect  of  the  current  u|xin  the  neeille 
increases  with  the  number  of  turns  of  wire,  so  that  dehcaie  fsalvanometePi 
con-itnicted  M\nm  this  principle  are  spoken  of  as  liigh  re^^ist.'mce  gaJvaiiom- 
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--  leugth  of  wire  tiaed  making,  of  course,  a  high  resistance. 
olTuftviiig  Uie  coii  through  which  the  current  pasM^s  kcpl  iu  a  fixed 
I  anii  the  lua^iet  ileUralety  etwung  or  [witfed,  the  reverse  arrangement 
■ybo  usseii, — that  IS.  the  cml  may  be  swung  tietween  tlie  \xAes  of  a  fixed 
L'tider  tUose  (•inuiii^.tani'es  U  a  i-arreiit  is  ttent  tlirough  the  coil 
r  wUl  mu\e  with  reference  to  the  niiigiiet.  A  galvanometer  con- 
MfQctcdou  Ihi^  principle  is  designateil  a-*  a  d'Arsonval  galvanometer  after 
tJ»«  pliy)Bologi!»t  who  Hr}*t  employed  this  arrangement.  Tlie  d'Arsonval  fonn 
ol  olvMiomator  p»Ns«e?t.-e?*  many  practical  a<l vantages  hir  physiological  work. 
■bu  It  nuiy  auHioe  to  give  the  details  of  this  form  alone.  In  the  d'Arsonval 
Ibfm  the  magnet  is  fixed  while  the  coit  of  wire  through  Avhich  the  current 
pawas  irt  Hwuiig  by  a  very  delicate  thread  of  (piartz,  .silk  fiber,  or  pho.s])hiir- 
DfiniUM!.  Tlie  prinrijile  of  the  arrangement  is  >hovvn  in  the  accompanyiiig 
ditt^Tain  (Ktg  39)  anil  the  complete  instrument  iu  Fig.  '.iH.  A  largo  horse- 
mb/tm  uacKiet  (n. »)  U  fixed  pennanentty  and  between  the  jmlei  m  »wung  a 
ooil  [e)  01  delicate  v^ire,  the  twu  ends  of  the  wire  l»eing  connected  with  binding 


Fie  38.--0*ArM>nv«l  ialvannm^fl«r  vi  mor)ifi<*<|  by  Rowland. 


I  in  the  frame  of  tlie  in.^tnnnent.    The  rfiil  iw  held  in  place  l>elow  by  a 

I  if)iral      In  Tie.  39  it  will  l»e  seen  that  the  delirute  thread  suspending 

tli0  cotl  carrion  ju-^t  al*iivo  the  coil  a  -entail  nurror,  m,  and  u  phitc  of  thin  mica 
or  *'iiininu!n      Tbo  tnirrcir  in  i)efle«'tcd  with  tin-  coil,  and  when  ^  iewcd  iliruugh 
.ictun*d  in  Fig.  38  the  image  of  the  .scale  almve  the  teleHco|ic  l** 
r  '.It    mimtr.     As  the  coil  ami  nurror  n re  twi.-ted  by  the  action 

*><  il»o  <*uri<  MI  I'liv^inE  through  the  fnnner  llie  reflection  of  the  scale  in  the 
mirrtfT  U  ihpt,i<  id.  By  means  of  a  crfiss  havr  in  tiie  tcleHcojw  the  ancle  i»f 
tlrfl'^inn  nmy  l»e  read  upon  the  rcflcctei!  Pcule.  Tlio  uhmiinum  vane  hiu-U  of 
ibr  tnirrof  niake^  the*ystcni  dcnd-I)cat  so  that  when  a  dellection  i>  obtaineil 
ti«fr«T»teni  «w>©N  tpiickty  to  nvt  with  few  or  no  oscillations.  If  the  coil  of  wire 
rtxitaitis  rtlflleient  turrm,  enough  to  jrive  a  total  re«.istance  of  two  to  three 
thoitvuid  oi.rn.  ftrwl  the  polct*  !>f  the  magnet  are  brought  ver\-  dose  to  the 
roil,  ih*  I  f  mtiy  he  (riven  a  delicacy  snHicient  to  study  aecurutelv 

_U»<>inUvli  vr*  current-*..      In  !«ucb  an  instrument  the  effect  of  the  earth'- 

3ie(wn  may  U'  neglerted  and  the  galvanometer  may  be  hiuig  upon  any 
without  reference  to  tlie  magnetic  meridian. 
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The  Capillary  Electrometer. — The  movable  sj-Mtem  of  a  8:a]\'anometer 
pQti^^ie^ses  c'oiisidenilile  weight,  then-fore  inertia;  so  that  it  will  not  indicate 
accurately  the  presence  or  extent  of  very  brief  electrical  currcius  .such  a.**  have 
to  be  studieil  in  phytsiologj*  in  scjme  oa.scs.  For  purposes  of  thi^  kin<i  a  .simple 
instnnnent  known  as  the  capillary  elet^-tronieter  is  enin!oye*I.  The  principle 
of  the  roiistnii'tinn  of  this  in^tnnnent  is  illustrnteil  in  Kip.  40.  A  pW^  tuliC, 
a,  in  (.Irawii  out  at  nue  enii  into  a  ven,-  line  capillary  tin?  end  of   whicli  (.iip* 


Fig.  39.— Diagram  of  fltruc- 
tuie  of  the  d'Anonval  galvanom- 
eter, c  U  the  coil  of  fine  wire 
throush  which  the  current  is 
pamed.  It  U  hwuiik  hy  n  fine 
thmut  of  pboiphor-brrinie  so  aii 
to  Ue  t^tween  and  cIcmc  io  the 
l»tle" — (n)  north  pole,  and  (*) 
Kouth  pole— nf  the  tnuKiiet.  Just 
above  the  moicnet  t  he  t  h  read  car* 
lies  a  mica  or  aluminum  vane  to 
which  is  attacherl  a  -inall  mirror. 
The  seale  of  the  inttrunieiit  »  r^ 
fleeted  in  t  hi^t  m  i  m>r  and  is 
nt>*ierved  thruuah  the  telencope 
ehown  in  Ftg.  :f8. 


Yig.  40. — Schema  of  capillary  electrometer 
arranKe<l  to  !<how  the  demarcation  current  ia 
mu^le  (Ijombarti):  n.  The  fda-sn  tube  oootainJng 
mercury  and  dniwn  ti)  a  line  capillary  below;  c, 
the  receptacle  containing  nieirury  by  msinc 
which  tlie  mercury  can  be  driven  inti>  l)i«  ca|iit 
lar}'  of  a;  f,  a  vessel  with  glaaa  eiden  nmlauiing 
mercury  beluw,  and  above  dilute  miliihunc  uciil 
into  whtdi  the  capillar>-of  a  dips;  E,  the  inicro- 
cofie  for  obwrving  the  mercury  thread  in  the 
capillary;  m,  tlie  munclo;  a  iknd  k,  the  wires 
touching  the  longitudinal  an«1  cut  rcurfaree  of  the 
roiiwle.  The  current  M•>w^  a>  indicated  by  ttio 
email  arrown;  J,  the  cnpUlury  thread  of  mercury 
aa  aecu  under  the  uicroacope. 


into«ome  (lihite<l  sulphuric  acid  confainetl  in  the  vessel  (/).  At  the  bottom 
of  ihU  vessel  is  a  layer  of  mercury  counecting  with  a  wire,  q,  fused  into  the 
pla.'is  vessel.  'Die  ttibe  a  is  partiallv  filleil  with  pedistilleJ  mercur>%  which 
I)onct  rates  for  a  short  distance  into  the  capillar^-,  Hy  means  of  pressure  ap- 
plie<l  from  above  r.  tlie  merciir>'  can  be  force<l  throuKh  the  capillars.  Then 
by  diminii^hin^  the  pressure  the  mercury  can  he  brought  back  into  the  capil- 
lary a  certain  distance,  drawing  after  it  some  of  the  dilute  sulphuric  acid. 
The  mercury  In  tube  a  us  connected  with  the  other  pole  of  the  battery  by  a 


fuaer!  into  it^  wall  and  dippinfr  into  the  mercury     B)'  reenlating  the 
firtoMUra  ..:  <'n*ury  tlie  |>oiiu  of  contaot  between  the  threatf  of  mercury 

tiu)t)ie.«<  Kill  ill  the  capillim'.  d,  van  tie  brouj^ht  to  oiiy  doiretl  |Misi- 

\Mb.  All  fjUKiiinuni  is  then  etitabUshed  whirh  will  rcmiun  con>timt  u.s  long 
M  ihe  condtiion'*  ure  not  rhangeil.  If  now  the  rirfiiil  from  a  luitten.'  or 
ttha  »ourv«  of  elet-tntity — for  e.viuii|(Ie,  tlie  exoi^od  iier\e  or  muscU' — is  dossed, 
theconvtt  entering  by  wire  (/,  if  ihi^  represicnts  ilie  aiiotle,  traverses  the  sul- 
phuric intl  Mid  ifiemir^-  iii  tlie  cttpillary  and  returns  by  the  wire  It.  At  tho 
mmmmi  nf  the  estublishtneut  of  tlie  current  the  equilibrium  of  forces  that  hoKLs 
thiiMitury  at  a  (-ertaiu  iKiint  in  the  L'upillar>'  is  di:^turt3e(l,  the  end  of  the  mer- 
cnryUiRaid  moves  upward  with  the  rurrent  for  a  i*ertain  ilistunce,  ileitendiuR 
OB  Utt  slrciiKth  of  the  current  and  the  ileli<-aey  of  tlie  catnllary.  If  the  cur- 
imbepibfiied  in  the  opposite  direction  the  niercur>^  will  move  downward  a 
cwuin  oitrtanre.  The  ntctiiscas  of  contact  nmvc^s  up 
ordowDwith  the  direction  of  the  current,  owinj;,  it.  in 
nppoed,  rx)  a  change  in  the  surface  tension  at  this 
pMDL  liip  rapillar>'  tul»e  a^  u>«d  for  physiological 
;<i/)n)m  U  too  finmll  for  the  movements  of  tlie  nier- 
cwTf  to  be  detei-teil  with  the  eye.  It  is  neces.^'iiry  to 
HMCDify  it  either  with  a  tuicroscojie  or  a  projectioH 
Ittttn.  Onliiiarily  theeIe<'tronieter  in  so  made  that  it 
<stt  be  placed  u|Km  the  iiitage  of  the  niicr(>sco|«  and 
the  ei{iinar>'  be  bnmgtit  into  focus  at  the  meniscus, 
Mmm  in  d,  Kig.  40.  By  means  of  proiwr  apparatus 
tlw  Btovenicnt  can  \ie  photographetl  aiul  thus  a  |>er- 
ttttmt  rn*orfl  l»e  obtained  of  the  direction  anil  extent 
rf movement  of  the  mercury. 

Son-f/oiarizable  EUctroHes, — In  connecting  a 
piii»fkj  or  nerA-e  to  an  electrometer  or  galvanonieter 
it  i»  r>«reMir>-  tluit  the  lea<ling  off  electrodes — that  l**, 
iW  nointi4  of  contact  between  the  wires  and  the 
•if  or  ner\e — ?*haJl  beiso-electrical  and  non-polar- 
liy  LM>-electrical  Is  meant  that  the  two  elec- 
tnda  shall  ha\'e  the  sjuiie  electrical  potential,  and  it 
ivoMoat  that  the  leading  off  electrodes  nwx^i  fulfill 
thto  roiidition  approximately  at  lea-^t,  sinceotherwise 
Un  current  obtained  from  tfie  miLsclc  or  ncne  could 
M  be  attributed  to  differences  in  potential  in  the 
Umie  it«lf;  it  would  be  shown  by  luiy  other  moist 
<'WMtoctor  coiuiocting  the  two  electrode^.  Two  clean 
fteann  dectrtxles  would  fulfill  this  condition.  A 
AM*  -«r4r..i-  flifficulty  is  found  in  the  polarization  of 
^'  t  rodcA.       Whenever  a    metal     conductor 

■<■  ,  conductor  come  into  contact  there  is  apt 
b«  ptiiorizaunn.  This  }»olarization  expreaaes  it«elf 
rhingfiit  at  the  metal  poles  during  the  pamage  of 
nirrent,  changes  <»f  such  a  character  that  a  cur- 
'*t  i»  j*ei  up  l»etwcen  the  poles  in  the  opposite  di- 
'*<tiaa  to  toe  main  current,  thua  wcaicening  the  lat- 
lo  Hua  polari£atic»n  current  is  <lue  to  the  accumulation  of  hydrogen  gaa 
^th*  tMgfttive  pole  or  cathorle  and  of  oxygen  at  the  anode.  What  takes 
Pm  may  be  reprenented  by  the  following  diagram,  in  which  a  current  is 
^pond  to  be  paosing 


T\K.  41.— To«how 
the  slmcture  of  a  non- 
pt^ariuible  el«ct  rnde : 
I,  Ttw  pad  of  kaolin  or 
filler  paper  tnoi.<<tened 
with  phyniulfiforal  mi- 
line  (N«n,  0.7  per 
cent.)  (this  UpUoedoa 
ihetiwiue):  2.  tb«  ml- 
unitotl  si^Iution  of  sioo 
sulphate;  (3)  ttM  bar 
of  amalgamated  ilnc. 
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lUio  polen  .1  and  C  through  a  solution  of  sodium   rhlorid.      During 
'  of  the  current  the  cations,  Na,  with  their  positive  charges  move 
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towaH  the  ratlicHle:  at  the  tiithcKle  the  free  sodium  ion  act«  upon  the  wat«r, 
HHO,  foriniiigNaOH  uiul  libenUuig  hy<lrogeu,  which  givew  iu  charge  to  tlie 
cathode  aiul  accumulates  upon  it  in  ilie  form  of  gas.  The  auioiu,  CI, 
with  their  negative  charges  move  toward  tlie  anode;  there  the  chlorin  acts 
upon  the  water,  forming  IICI  and  Uheruting  oxygen.  It  i.s  ob\*ious  that  in 
quaiuilutive  studiew  of  the  electrical  currents  of  animal  tissues  polarizatioa 
will  destroy  (he  accuracy  of  the  results;  the  demarcation  currerit  will  ?iliow 
a  ditninntioii  tliio  not  to  changes  in  the  nerve,  but  to  phvMcocliemical  changes 
at  the  leHiUng  off  elect  rrxles.  To  prevent  {K»iarizutiou  du  fjois-Ueymoud  dexised 
the  nntx-iKilarizahle  electrodes  coii.si.<ting  <if  zinc  terminals  imineriieil  in  zinc 
sulphate.  Tlieoreticiillv  any  metal  in  a  solution  of  one  of  its  sali:s  may  be  u.^, 
but  experience  shows  tliat  the  jsiuc-xinc  sulphate  electrode  i;*  mcMt  nearly 
fjerfect.  Kach  electrode  where  it  comes  into  contact  with  the  titvue  is  made 
of  one  <»f  tlie-^*  comliiTiatiou?--.  Various  devices  have  l>een  u.sed.  For  ins^aucei 
the  eiectrmie  may  Ite  con.'itructed  as  shown  in  the  diugruin  (Fig.  41).  \ 
short  glass  tube  of  a  bore  of  alwjut  4  inrns.  is  well  cleaned — one  end, 
which  Is  to  come  into  contact  with  the  nerve,  1:^  filled,  as  shown,  by  a  jjIur  of 
kaolin  made  intoa^tilT  putty  with  physiolugica!  saline  fsolntinn  of  NaCI,  0  7  jier 
cent.).  The  kaolin  slimiM  have  a  neutral  reaction  and  unless  g(Ki<l  kaolin  is 
obtainable  it  i.-^  I>etter  to  xise  a  plujt  made  *if  dean  filter  pu|)or  Miacerate<l  in 
physiological  snlins'  and  packed  tiglitly  into  the  end  of  the  tul»e.  Abo\-e  this 
plug  the  tube  is  fillet!  in  for  a  part  of  its  length  with  a  saturated  solution  of 
zinc  sulphate  into  whicli  is  inmiersetl  a  l»ar  of  anuilgatnate*!  zinc  with  n  copjicr 
wire  soldered  to  it-s  end.  With  a  |)air  <if  sucli  eltytrotles  the  coinluction  of 
the  current  thrtjugli  the  nerve  i>r  uuiscle  to  the  metallic  part-  of  the  circuit 
may  be  representetJ  as  follows: 
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The  liquid  part  of  the  circuit  comes  into  rontoct  with  the  metallic  part 
at  the  junction  of  /n  and  ZnSO,.  At  the  cathode  it  may  be  j*uppose<l  thai 
the  Zn  cation  instead  of  acting  U|Kin  the  water  and  lifierattng  hydrogeoi 
deposits  itself  upon  the  zinc  electn^dc;  at  the  anode  the  sulphion  (Soj 
attacks  the  zinc  inste:t<l  ^if  the  water,  forming  ZnS(J,.  In  this  way  f>olanratioa 
is  preventeti,  and  by  the  c(>ustruct.i(»n  of  the  clo<trixle  the  living  tissue  b 
brought  into  contact  only  with  the  plug  of  kaolin  nioi-;tene<l  with  ph>-sio- 
logical  saline.  8uch  electrodes  are  iniiisjiensable  in  >tudving  the  electrical  phe- 
nomena of  living  tissues,  and  also  in  nil  investisatioii:«  i»carincu|Hin  the  jxilar 
effects  during  the  passage  of  an  electrical  current  from  a  batterv.  C>rdinarily, 
however  when  it  is  only  desire<l  to  stimulate  a  nerx-o  or  muscle,  metal  (pluiit- 
inurn)  electrode:*  are  employed. 


The  Action  Current  or  Negative  Variation. — Du  Bols-Rcy- 

inond  provtid  that  when  the  excised  mii.scle  or  nerve  is  stimulatctl 
its  demiirctition  current  suffers  a  diniinHli<m  or  negative  variation. 
If,  for  instance,  the  exci.^^ed  ne^^'e  gives  ti  demarcation  current  .suf- 
ficient to  cause  a  defieclion  in  the  galvanometer  of  5()  mms.,  then 
if  the  nerve  is  stimulated  by  a  series  of  induct  ion  shocks  the  galva- 
nometer will  show  a  lessened  deflection,  say*  one  of  40  mms.  The 
negative  variation  in  this  case  is  equal  to  10  mms.,  on  the  scale  (.if 
the  galvanometer  used.  It  has  l>een  shown  that  this  negative  varia- 
tion iH  due  to  a  current  in  the  opposite  direction  whose  strength,  in 
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iiple  given,  relative  to  that  of  the  demarcation  current  Ls  a.s 
^10  to  50;  so  iliat  frei^uenlly  the  j)lienouienon  of  the  negative  varia- 
tion is  known  also  as  the  action  current.     The  explanation   given 
for  thU  action  current  is  that  the  ner\'e  or  muscle  when  excited 
,  an  electrical  condition  which  is  negative  as  regards  any 
,  or  leij**  excited  j>ortion  of  the  nerve.     The  effect  ujwn  tlie 
domarcatiou  currenl  h^  illustrated  in  the  accompanying  diagram. 
The  demarcation  current  hi  a  nen'e  Ls  led  off  to  a  galvanometer 
by  cl^ctrtxie:*  place<l  at  b  and  c.     When  the  nerve  is  sliinulated  at 
1  the  excitation  set  uj)  pasvs:'s  along  the  nerve,  aud  whei'ever  it  nuiy 
be  that  {K»rti(>n  t>f  the  nerve  is  thmwn  into  an  electronegative  eon- 
dition.    When  this  condhion  reaches  a  |x)int  w^here  it  can  influence 
X\»  pilviinometer — that  is,  when  it  reaches  6,  it  will  diiniiiLsh  the 
(liffervuce  in  potential  that  exists  between  b  and  c,  and  thca^fore 
rwluce  the   current 

floviiig  from  i;  to  c.  _|_ 

Bernstein*  has 
.dbowDthat  thL^  neg- 
Itivc  condi  t ion 
iDOVttintheformof 
8  wire.  That  is,  at 
Mvpoiiit  the  nega- 
tivity grc»w^  to  a 
ttiaxiiuuin  and  then 
dimimshp*..  More- 
over, it  travels  at  a 
(tefinilc  velocity 
vhich  is  easily 
B^tanued.   Acconl- 

iig  to  hi»  ex|>eriment.s,  the  velocity  of  this  wave  in  the  frog's 
^^OT  nerve  Ls  from  25  to  28  meters  per  secondhand  the  length 
trf  the  wavi*  ii3  about  IS  nuns.  Hermann,  on  the  contran'.  be- 
fevesithat,  in  the  excised  nerve  at  least,  the  length  of  the  wave 
^y  bo  greater,  reaching  perhaps  I4tJ  mras. 

Thftsc  figun^  will  \'an'  naturally  for  the  nerves  of  different  ani- 
n^or  for  difforent  ner\*es  in  the  same  aniiiial,  for  it  must  always 
U)  rnnenil>ori»d  tkat  ner%'e  fibers,  whose  fimc  I  ions  in  general  are  so 
'linilnr.  differ  much  in  obvious  miero.scopical  stnicture  and  jirobably 
J^ion?  widely  in  their  chemical  comixjiUtiun.  Using  an  analogy*  iliat 
•*  f&miiiafy  we  may  say  that  when  a  stimulus  acts  upon  a  living 
nrr\-*»  u  wnvr  of  eWtronegativity  spreads  from  the  ^^timulated 
spot  and  travels  in  wave  form  with  a  ilefinite  velocity,  just  a.s  water 
*»v«i  rarliate  from  the  sjwt  at  which  a  stone  b  thrown  into  a  quiet 

•Brm^imn,   "  T'nt*T>ur!iiinjfen  i\t»er  den  Erregungsvorgang  im  Ner\cn- 
Oftil  UuAiUvmtcine,"  IIcidoll.erK,  1.S71. 
7 


Fi^.  42.— Schema  to  Indicate  the  method  of  detectlnf 
the  actum  current  iii  a  alimulated  excised  nerve:  6  oitd  «, 
the  leadiniE  off  electrode-*,  oiw  on  the  loti)|itudiniil,  one  un 
the  cut  surface:  the  deniarrution  current  lui^se^  thrnuieh 
the  imlvuioaieter,  (/.  in  the  dir«>etion  uf  tite  arruWH;  o,  ntlum- 
latini^  elect rorle^-  from  induction  cuil;  the  atitnulus  causes  u 
nefcattve  eonditiun, — wbich  (losAes  along  the  nerve;  when 
thi»  reaches  b  it  cuuf«.<>  u  )m.riia)  reversal  of  the  dnnarca- 
i>><n  current,  si\*ing  the  oegutive  vurintinu  or  action  cur- 
rei.t. 
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pool,  A  similar  phenomenon  occurs  in  muscle  fibers  when  stimu* 
latecl,  but  the  negative  comlition  travels  over  the  muscle  fiber  at  a 
slower  si>ecd,  *J  to  4  meters  jier  st^eontl  in  frog's  muscle,  and  with  a 
wave  length,  according  to  Bernstein,  of  only  10  nuns.  This  wave 
of  negativity  or  uf  excitation  in  the  muscle  precedes  the  actual 
wave  of  contraction. 

This  phenomenon  of  a  negative  electrical  condition  traveling 
over  the  nerve  or  muscle  an<l  giving  us  an  active  current  when  led 
off  through  a  galvanometer  is  of  the  greatest  ph^'siological  impor- 
tance, particularly  in  the  study  of  nen*es.  It  has  been  shown 
that  in  the  nerve  this  wave  of  negativity  marks  the  progress  of  the 
wave  of  excitation,  and,  since  we  can  study  its  progress  by  means 
of  the  galvanometer  or  capillary  electrometer,  we  can  thus  study  the 
excitability  and  conductivity  in  nerves  when  removed  from  con- 
nection with  their  end-organ.s.  That  the  negative  wave,  or  the 
action  current  tiiat  it  gives  rL^e  to,  is  an  invariable  sign  of  the 
I>as.sage  of  an  excitation  or  nerve  impulse  Is  shown  by  the  facts 
that  it  is  absent  in  the  dead  nerve,  and  that  in  the  living  ne^^'e  it  is 
produced  by  moclmnical ,*  chemical  ,t  and  reflext  stimulations,  as 
well  as  by  the  more  usual  method  of  electrical  stimulation. 

Hftrzen  hiw  nlaimod  that  Tinder  certain  cnmlitions  of  local  narcosis  tlie 
nerve  fiberH  when  sthnuIateU  may  give  aii  action  current,  but  no  muscle  con- 
traction.— a  fact  wliifh  if  tnie  would  seem  to  show  that  the  excitaiion  wave 
or  ner\e  impulse  anJ  the  wave  of  negative  pfitential  are  not  associate*! 
invarialjly.  Thia  result,  however,  has  been  denied  by  other  competent 
oUsenera  (We<lenski,  Uonittau). 


Honophasic  and  Diphasic  Action  Currents. — According  to 
the  conception  (*f  tlie  action  eurn^nt  given  above,  it  Ls  evi<lent  that 
it  should  Ik:*  ohtainod  iijum  stimulation  when  a  living  normal  nen'e 
is  connected  at  any  two  points  of  its  course  with  a  galvanometer  or 
capillary  electrometer.  The  detection  of  the  current  under  such 
conditions  offers  more  difficulties,  because  it  is  diphasic,  as  will 
be  seen  from  the  accompanying  diagram  (l-'ig.  43),  The  figure  rep- 
resents a  normal  nerve  led  off  to  the  galvanometer  from  two  pointjs, 
b  and  c,  of  its  longitu<linal  surface.  As  these  points  in  the  uninjured 
ner\'e  have  the  same  potential,  no  current  Ls  showTi  by  the  p:alvanoni- 
eter.  If  the  nerve  is  stimulated  at  a  by  a  single  stimulus  a  nef?- 
ative  condition  or  charge  passes  along  the  ncn-e.  When  it  reaches 
the  point  b  there  will  be  a  momentary'  current  through  the  gal- 
vanometer from  c  to  b;  as  the  charge  pa'^ses  on  to  c  this  point  in 
turn  will  become  negative  to  b,  and  there  will  l)e  a  momentary  cur- 

♦  Steinach,  "  Pflujrer's  Archiv/'  55,  487,  1R94. 

fCrntzner,  "PHuger'si  Arohiv,"  25,  255,  1S81. 

X  Boruttflu,  ''Pfluger*^  Archiv,"  84  and  90,  1901-1902. 
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rent  through  the  galvanometer  in  the  other  direction.     The  diphasic 
current  that  occurs  under  these  conditions  cannot  Im?  detected  by 
a  galvanometer,  even  when  a  series  of  stimuli  b.  sent  into  the  nerve 
at  a»  since  the  niovaljle  system  in  this  inKtniiiient  has  too  much 
ioertia  to  respond  to  such  qiuck  clianges  in  opposite  directions. 
With  the  more  mobile  capillary  electrometer  the  tliphasic  currents 
have  been   demonstrated   successfully.     In   laborator\*    invest  iga- 
tioBS  one  of  tlie  leading  off  electrodes,  c,  Is  usually  placed  on  the 
cot  ad  of  the  nen-e.     Under  this  condition  the  action  current  be- 
contt  monophasic  and  shows  itself  as  a  negative  variation  of  the 
deoarcation  current.    This  difference  is  due  to  the  fact  that  a  nega- 
ikw  eondition  u\h)U  excitation   depends   upon  a   living  condition 
of  the  nerve,  and  it  can  not,  therefore,  affect  the  nerve  at  the 
ekfclftyle  c  if  this  latter  is  placed  ujKjn  the  cut  end  where  the  nerve 
to  ik-ad  or  dying.     It  will  affect  only  the  elertrotie  h,  and  give  only 
themonopha&ic  current,  which  can  now  be  shown  by  the  galvanom- 
eter pruvided  a  series  of  stimuli  is  thrown  in  at  a. 


^.  ««•  42 — Scbcnm  to  ihow  ths  iimuigeinent  for  oblabtinK  a  Hiphutie  aotion  oturent. 
•■•"■••Wiwnt  differ"  from  that  in  Fi<.  42  only  in  tbitt  both l<*a<lini;  off  plertror!e»,  b  anil 
*[_iy  DUci>l  .m  ih*  lonjcitutlinal  buHuc*^.  No  demarcafiun  curreDt  i^  inJirated.  When 
22 ^Vv*  i«  •lunulAt?«J  at  a  the  D«Kative  rliartcc  reache*  h  firit,  cauHUiK  n-  current  thruugh 
!"*^WUjuie(*r  frotn  r  to  fc.  Subm<4UQntly  it  rvacbcA  r  arnj  oaiuaa  »  wouud  current 
*ViOfipoM»»  tlircction  fram  k  to  e. 

_,  rW  Port/inr  VnnAtum, — It  hapneas  not  infrefjuently  that  when  one 
■Miiale  in  pLtccxl  upon  the  cut  end,  the  nerve  ujxjii  Mliniuhtlion  with  a  serieH 
^nutartion  shork*  fnveH  a  ixwitive  instead  of  a  negative  variation  of  the 
yyetitwi  current.  Tliis  re>*ult  i»  usually  explaine*!  as  l»einp  due  to  a  pre- 
"Ww»Dce  of  the  anelectrotonir  currents  (see  IkjIow),  Ijut  Wcdcnski  has  con- 
•■kW  rarcntly  that  it  is  due  to  a  fKJcuhar  condition  of  excitation  in  the  nen'e 
Mtiieeiil  «nd,  a  comlition  to  which  he  fives  the  name  of  pnrahiosis.  When 
Om  pbeooateann  cxrurs  it  can  asiially  be  removed  by  making  a  fresh  section 
•t  tile  end  of  the  ner\'e. 

Detection  of  the  Action  Currents  by  the  Rheoscopic  Frog 
Preparation  or  by  the  Telephone. — The  motor  ncrv^c  of  a  ner\e- 
Dtlicie  ftrcparation  from  a  frogc  is  sf>  extremely  irritable  to  electrical 
etnrefits  that  it  may  be  uaerl  inHtcail  of  a  galvanometer  to  cletoct 
iht  A<!tion  currents  in  a  stimulated  muscle.  A  ner\*e-muscle  prep- 
aration uawl  for  this  purpose  is  known  as  a  rheoscopic  preparation. 
TTie  waj'  in  which  it  is  usefl  is  inrUcated  in  the  accompanying 
ffiairram.  h  represents  the  rheoscopic  preparation,  its  nerve  being 
upon  the  muscle  whose  currents  are  being  investigated,  a,  so  as 
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to  touch  the  cut  end  (x)  and  the  longitudinal  surface  (g),  \Mien  a  is 
Btinmlatefi,  either  directly  or  through  its  nerve,  ai3  represented  in  the 
diagram,  the  negative  charges  that  pass  along  the  muscle  fibers  of 
0  with  each  stimulus  cause  action  currents  liiat  will  be  led  off 
through  the  nerve  of  h  from  x  to  g.  If  the  ner\'e  is  in  a  sensitive  con- 
dition it  will  Ije  stimulate  by  the  action  currents  and  thus  a  series  of 
excitations  will  be  sent  into  b  corresponding  exactly  in  rate  ^vith 
the  artificial  stimuli  given  to  the  nerve  of  a.  The  rhcoscopic 
preparation  may  be  used  very  beautifully  to  demonstrate  the 
action  current  in  the  contracting  heart  muscle.  If  the  nerve  of 
h  is  laid  u|K>n  the  exjKJSpd  Ix'ating  heart  of  an  animal,  tlie  muscle 
of  6  will  give  a  single  twitch  for  each  beat  of  the  ventricle.  An- 
other interesting  method  of  detecting  the  action  currents,  particu- 
larly in  nerves,  is  by  means  of  the  telephone.  Wedenski  has  ina<le 
especial  use  of  this  method,  the  telephone  being  connected  with 


yifc  44.~-^bemft  in  ^howr  the  arTanKeir>pnt  of  s  rhn>f^citpic  niu^le-nervpprepiLrmlioo: 
Of  TbeflMKMCOfUc  musrl^-tiorw  (irenamtion,  »he  nerve  b<<iiiKHrruhRe<l  totoucli  thr  i-wr  -ur- 
faoe  hsiti  the  lorieilU'li  '•  of  the  inu^rle.  a.  wlio^f  arliun  cuirt-iil-  ar^  »> 

When  t^M*  iiprvpuf  n  i  I  each  r«jtilM<'fioii  of  tlii*  muscle  ir*  lollowe'l  i 

lioM  ijf  ft,  Hince  eacli  ■      '    >       i;i  nf  »i  is  uccomptuiied  by  aa  actiun  curreni    ^    > 
Ibrough  tbe  oerve  of  tt  ixud  uiuimlmtea  it. 


the  nerve  in  place  of  the  galvanometer.  The  method  has  obvious 
advantages  in  the  fact  that  it  may  l>e  used  with  a  ner\'e  to  which 
the  muscle  is  also  attached,  so  that  the  excitati(»n  processes  in 
the  nerve  and  their  efTect  ujxjn  the  muscle  may  be  studied  simul- 
taneously. In  matters  of  rate  the  telephone  mrtho<l.  apj^'aling 
to  the  ear,  as  it  does,  is  more  delicate  than  the  galvanometer  or 
electrometer. 

Relation  of  the  Action  Current  to  the  Contraction  Wave 
in  Muscle  and  to  the  Excitation  Wave  (Nerve  Impulse)  in 
Nerve. ^The  action  current,  or.  t<»  Ik*  Tnore  .Tccurate,  the  moving 
negative  charge  which  gives  rise  to  an  notion  current  when  two 
points  of  the  muscle  are  M  off  to  a  galvanometer,  has  been  shown 
by  Bernstein  to  precede  the  wave  of  eontfaction  in  musele.  That 
is.  in  a  stimnlated  muscle  fiber  the  electrical  change  at  any  point 
precedes  the  mechanical  processof  shortening.  The  electrical  change 
over  the  fiber  from  the  point  stimidateti  in  the  form  of  a 
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wave  of  definite  velocity,  but  at  any  one  point  the  electrical  change 
rcarhes  its  oiaxinium  Ix'forc  the  process  of  contraction  is  visible. 
Wo  may  suppose,  therefore,  that  the  electrical  change  is  an  indication 
of  ihc  excitation  or  possibly  constitutes  the  excitation  that  sets 
op  the  chemical  change  of  contraction,  or  else  that  the  change  in 
drrtrirjd  potential  is  cause<l  by  the  chemical  change  of  contraction 
axmI  precedes  the  mechanical  result  of  shortening,  since  the  latter 
ptmfB  will  have  a  certain  latent  periotl.  It  has  Ijeen  showTi, 
indeed*  by  Demoor  that  a  completely  fatigucnl  muscle  may  still 
cotuliict  an  excitation  (muscle  impulses),  although  unable  to  con- 
tnurt.  and  the  same  fact  has  been  demonstratctl  by  Engclmann 
for  the  heart  muscle.  In  the  nerve  the  action  current,  or  the 
ocgfttive  change  causing  it,  has  been  considered  as  simultaneous 
with  or  poflsibly  identical  with  the  nerve  impulse.  The  velocity 
of  the  two  is  identical;  the  action  current  is  given  whenever  the 
CM!r\'e  til  stimulated, 

D 


TxK.  45. — Schema  tn  fihnw  the  direction  of  the  eleo* 
trol*>nic  currents  in  an  excised  nerve:  /*,  The  battery  for 
the  iMrUrifinK  rurrent  wnt  into  the  nen'e  tt  •^.  the  an* 
o<le,  and  einerinitir  nt  — ,  the  raihrMle;  0',  (calvanometer 
arranged  with  leadiriK  on  rlt*rtr'Mie»  to  detect  the  anrlec> 
tn»t<^triir  current,  thf  din*ction  ui  which  b*  indicated  by 
the  irniw-^  (in  the  npr>'P  it  U  the  same  a«  that  of  iSe  p<^ 
lariiiriR  riirr>-(ir  1  ,/.  irnlvarioinelc^r  ninilnrly  arrtinice^i  Ui  de- 
tect ttw  '  MIC  rurrenl.  The  nnplectnttoiiic  and 
cutelc^lT'  '  ii^  continue  lu  long  an  the  |>olurising 
current  la  : _     <_d. 


&nd.90  farasexperi- 

menta  have  gone  .t  he 
Drrve  ean  not  enter 
into  activity  v\nth- 
otit  showing  an  ac- 
tion current. — that 
is,  \%'ithout  showing 
a  mo\-ing  electrical 
charge.  Whether 
this  elect  rical  cha  rgo 
constitutes  the 
nrrx'c  impulse  or 
tn  aicnplyon  accom- 
pMiying    phenome- 

nno  will  l)e  discussed  briefly  in  the  paragraph  upon  the  nature  of 
the  ner\e  impulse  in  the  following  rhapter. 

The  Electrotonic  Currents. — Tn  sp<^aking  of  the  effect  of 
paning  a  galvanic  current  through  a  nerve  attention  was  called 
to  the  fact  that  the  condition  of  the  nerve  is  alteretl  at  each  pole. 
>  ■  mode  there  is  a  condition  of  decreaswl  irritability  and  con- 
ii  .   known  as  anelectrotonus;   at  the  cathotle.  in  the  begin- 

ntn^,  at  least,  a  condition  of  increaseil  irritjibility  known  as  catc- 
IrctrotonuB.  In  addition  to  these  changes  in  the  physiological  pn)p- 
t'rtii>  of  the  ner\'e  there  is  a  change  also  in  its  electrical  conditions 
at  each  pole  of  svich  a  charartcr  that  if  the  ner\'e  is  lc<i  off  from 
two  points  on  the  anmle  nide  a  current  will  l>e  intlifat^Hl.  The 
current  ran  l>e  obtaine<I  at  a  considerable  distan*»e  fmm  the  unofle, 
anri  is  known  as  the  anclectrotonic  current,  while  the  electrical  con- 
dilitin  in  tht;  ner\e  that  makes  ii  possible  is  designated  as  anelec- 
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trotonus.  A  similar  current  can  be  led  off  from  the  nerve  on  the 
cathode  side  for  a  considt^rable  distance  beyond  the  cathode;  this 
ia  kno\m  as  the  caleleclrotonic  current,  and  the  electrical  condition 
leading  to  its  production  as  catelectrotoniis.  Within  the  nerve 
the^e  ciectrotonic  currcnt.s  have  the  same  direction  as  the  batter>*  or 
polarizing  current,  as  is  sho\Mi  in  the  diagram  (Fig.  45),  The  terms 
anelectrotonusand  catelectrotoniis  are  used,  therefore,  m  physiology 
to  designate  both  the  physiolopjical  and  the  electrical  changes 
around  the  poles  when  a  batten*  current  is  le<i  into  a  nen-e. 
Whether  the  physiological  and  the  electrical  changes  have  a  causal 
connection  or  are  two  independent  phenomena  is  at  present  un- 
decided. 

Betlie*  has  recently  sho\m  tliat  durijig  the  pasHspe  of  the  polarizinf;  cur- 
rent the  ncumfihrib^  in  the  axis  cylinder  lose  at  tde  atioile  tlieir  power  of  Hain- 
iiig  witii  certain  basic  liyes  {e.  g.,  niethyletie  blue),  while  at  the  cathode  the 
afnnity  for  the-sedye?*  is  icicrea-secl.  He  n-ssumej*,  that  in  the  neurofibrils  tliere 
in  an  acid  .-^abstaace — fibril  acid — ami  that  at  the  anode  the  conibiuatton 
with  this  ImkIv  and  the  neurofibrils  is  Uioseneil;  henco  the  loss  c*f  staining 
|M>wer.     At  the  cathode  the  reverse  change  takes  place.     He  assumes  further- 


— a 


Fig.  46. — ^To  show  the  anitm  of  the  convmotiel:    p.  The  polarinng  current;    a*  *nd 

f,  the  KalvanometerR  with  leading  off  electrodes  lo  detect  the  ftneleciroionic  and  cuieleo 
i^>tooic  oumntSt  reapoctivBly. 


more,  that  when  the  affinity  between  neurofibril  and  rd»ril  arid  is  increased 
at  the  cathoiie  an  electroncffative  ion  Lh  liberated  (ajijmi),  while  at  the 
anode  at  the  time  that  the  combination  1>etwe«iL  fdjnl  and  hbril  acid  in  HL>- 
sociated  an  eie<'lro|x>sitivc  i<iii  (cutiiMi)  is  liberated,  In  this  way  he  roristructs 
an  hypothesis  of  a  complex  of  neurofibril,  fibril  acid,  and  electrolyte  which 
is  capable  of  acconntina:  for  tlio  eleftrfulonUH,  Iwith  a.'-  repinls  the  electrical  and 
the  pby^iolopi'ttl  phenumena,  and  which  refers  Ixith  phenomena  to  a  single 
reaction  in  the  ner\e. 

Another  exptanntion  of  llio  oloctrotonic  currents  which  has  Ijeen  much 
dL»*cu.Hseil  is  that  first  develiijieil  by  Hermann. t  This  author  constructed 
a  model  oonsistinjc  of  a  conductor  surrounded  by  a  less  conductive  liquid 
sheath,  and  showed  ifiat  such  a  rnndDl  is  cttpaldo  of  gi^nnR  the  electrotonic 
currents.  This  model  nmy  be  made  as  repre>entei|  in  the  accompanWng 
diafirram,  of  a  g^ass  tnl>e  .1-^  throuph  the  nuddle  of  which  is  Ktretcbe<l  a 
platinum  wire,  P,  the  rest  of  the  tul«?  I>eiiic  fille<l  with  a  saturatetl  solution 
of  zinc  sulphate,  The  pht'*s  Inlse  h*  provided  with  vertical  branches  by  means 
of  which  a  polariiiinc  current,  p,  ran  be  sent  into  the  solution  of  zinc  sulphate 
and  the  electrotonic  currents  h>e  led  off  to  pnlvanmnelers,  7'.  g.  on 
each  side.      I'nder  these  conditions  a  current  similar  to  the  anelectrotonic 

♦  Bethe,  "  Allgemeine  Anatomio  u.  Physiol,  des  Nervenaystema,"  Leiprig, 


1903. 


•fHermann,  "  Handbuch  der  Physiologie/'  vol.  ii,    p.  174 
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furrail  can  be  detect«il  ou  tlie  side  of  the  antxie  (</')  and  one  eiiuivalent  to 
Uic  oielcctrotoiLic  cuireut  on  the  Mcte  of  t)te  catliode  (7).  Tlie  explanation 
(iWlotliCBe  current.<4  is  that  a>the  threail:sor  rurrent  [)ai>!i  into  the  [)latinum 
conUMCV  i«  a  i.>olarization  at  the  surface  l>etween  the  core  and  the  zinc  sul- 
pMe  wlution  which  e.\tendi«  to  a  i-on.side ruble  distance  on  em-li  .side  of  the 
dRlRxlch  aiid  i>aa><^  difTuMiou  currents  from  sheath  to  core.  It  Ls  these 
UmmIi  <>f  current  that  may  be  leil  off  oh  electrotonic  currents,  llemionn 
Maarted  Uiat  in  the  ner>'e  we  have  a  litructure  ewientially  (similar  to  that 
of  tM  core  model.  He  thought  that  the  axis  cylinder  uiiKlit  l»e  considered 
w npfifetfuting  the  core  and  the  myelin  the  letits  conductive  hlieuth  corrc^^itond- 
JBltolhe  iiuctfulphate>oluiioii.  Others  (Ikrruttau)  linveMiK^estefl  that  the 
•mAlihU  in  the  axis  cylinder  may  represent  the  core  or  cores  And  the  sur- 
ntunnric  ncuroplaMn  the  .^^heath,  thas  providing  for  the  possibility  of  electro- 
!■«  in  non-meijullator  fii>erH.  A»  a  matter  of  fact,  the  noii-niaiul- 
•  in  maninuUs  give  ver>'  sliglu  electrotonic  currents  compare*!  with 
th»  iii«tJuUated  Bbers.* 

Acrortling  to  the  "core-model"  explanation,  the  electrotonic  current* 
itpnxnl  a  purely  physical  phenomenon,  which  is  der»endent,  however,  u|>on 
ifrtnin  structure  of  the  nerve.  That  is,  a  completely  dea^l  her>-e  will  not 
ihovthe^  currents,  although  an  anesthetized  ner\-e,  in  the  mammal  (AValler) 
tt  lewt,  lontinuet-  to  show  them,  ami,  arrording  to  Sosnowsky,  excised  rab- 
^til«*aen'es  kei>t  in  a  moUt  atmospliere  may  show  (hem  for  several  days. 
~^ile  the  cnre^model  liyjxjthe^-is  ha**  le<l  to  mucli  investigation  in  physiology 
Hi  hw  been  niHile  the  l>a.Ms  for  a  purely  physical  explanation  of  the  ner\*e 
kapolM  (nee  next  chapter),  it  is  still  ver>-  uncertnin  whether  it  furnishes  any 
MTOve  infonnation  concerning  the  processes  that  acfuiilly  take  place  in  the 
living nicn-e  when  Mihmitted  to  the  action  of  electrical  currents  or  other  arti- 
fii'iAj  stimuli. 

•  Alcock,  '•  Proceedings  Royal  Society/'  1004,  73,  p.  166. 
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THE  NATURE  OF  THE  NERVE  IHPULSE  AND  THE 

NUTRITIVE  RELATIONS  OF  NERVE  FIBER 

AND  NERVE  CELL. 

The  question  of  the  nature  of  the  nen'e  impultjc  has  always 
aroused  the  dt'epest  interest  among  physiologists.  It  has  consti- 
tiitotl,  indeed,  a  central  (juej>tion  around  \Yhich  have  revolved  vari- 
ous hypotheses  concerning  the  nature  of  living  matter.  The  impor- 
tance of  the  nerves  as  conductors  of  motion  and  sensation  was 
apparent  to  the  old  physiologii^ts,  and  the  nature  of  the  contiuction 
or  the  thing  conducted  was  the  subject  of  many  hypotheses  and 
many  different  names.  lor  many  years  the  prevalent  view  was 
that  the  nerves  are  essentially  tubes  through  which  flows  an  ex- 
ceedingly fine  matter,  of  the  nature  of  uir  or  gas,  kno^*n  as  the 
animal  spirits.  Dthei^s  conceived  this  fiuid  to  l:>e  of  a  grosjser  struc- 
ture like  water  and  described  it  as  the  ner\'e  juice.  With  Galvani's 
discover^'  of  electricity  the  ner\'e  principle,  a.s  it  was  called,  bec^une 
iilentified  with  electricity,  and,  indeed,  this  view,  as  will  \)e  ex- 
plained, prevails  in  modified  form  to-day.  Du  BoLs-Reymond, 
after  discovering  the  tlemarcation  current  and  action  current  in 
muscle  and  nerve^  formulated  an  h>-pothcsis  according  to  which  the 
nerve  fibers  contain  a  series  of  electromotive  particles,  and  by 
this  hyi>othesis  and  the  facts  ujx)n  which  it  was  based  he  thought 
that  he  had  established  that  'Miumlred-year-okl  dieara"  of  phys- 
icists and  physiologists  of  the  identity  of  the  nerve  principle 
and  electricity.  His  theor\'  to-day  lias  fallen  into  disrepute,  but 
the  facts  upon  which  it  was  based  remain,  as  before,  of  the  deepest 
importance.  In  the  middle  of  the  nineteenth  century  those  who 
were  not  convinced  of  the  identity  of  the  ner\'e  principle  with 
electricity  believed,  nevertheless,  that  the  process  of  comluction 
in  the  nerve  is  a  (»!ienomerion  of  an  order  comparable  to  the  trans- 
mission of  light  or  electricity,  with  a  velocity  so  great  as  to  defy 
measurement.  Jiut  in  this  same  perio<l  a  simple  but  complete 
experiment  by  Holmholtx  demonstrated  that  its  velocity  is,  rela- 
tively to  light  or  electricity,  exceedingly  slow, — 27  meters  per 
second.  To  many  minds  this  slow  movement  and  the  absence 
of  a  complete  circuit  made  tlie  electrical  theory  imjjossiljle.  ^lodern 
views  have  taken,  therefore,  <li%'ergent  directions;  the  movement 
or  excitation  that  is  conducted  along  the  filler  lias  been  named 
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fl»  nerve  principle,  the  nerve  energ.v,   the  nen'e  force,  the  nen'e 

"ii/julse.    Aa  the  latter  term  is  less  specific  regarding  the  nature 

^  the  movement,  and  emphasizes  the  fact  of  the  conduction  of  an 

*>ljil4?«J  disturbance  or  pulse,  it  seems  preferable  to  employ  it 

BOtJa  more  satLsfactor>'  dilution  of  its  nature  has  l)een  reached. 

The  Velocity  of  the  Nerve  Impulse. — The  detemiinatian  of 

^  velocity  of  the  ner\'e  impuL'^e  was  fii»t  made  by  Helmholtz* 

^pon  the   motor  nerves  of  frogs.     His  experiment    consisted    in 

cumulating  the  sciatic  ncr>'e,  hrst,  near  its  ending  in  the  muscle 


fit  47. — R«cor<l  to  ■how  the  Tn»»thM  ol  eslimfttinx  the  wlocity  of  the  nen*  impuUe 
fei«  intnr  narv*.  lb«  eiipencacnt  waa  niAda  upon  a  oen-e-fnUM-le  prepanitinn  from  the 
•paltBCtiocu  bnu|  rrconlcd  upfiri  the  ni[)ullv  niovina  plate  nf  a  penrjulum  myo- 
Two  caDirar1utTL'«  wrre  utilainr^t,  the  hr^-i  (ai  when  the  nerve  wa?  ni|niulate«l 
nvaele  tV  -*M^-'fi>!  '^i  when  tlie  ner\*B  wai -itiinuUtei]  a^  f»r  »*  im^ible  from  the 
TW  b)''  "HiJ  cnitnictiiin  wu»  Intigvr,  a^  ^hown  by  the    cli<<tAnre 

||Mr<i  H)«  X.     The  v^lue  <<f  thU  di-^tunee  in  time  in  ohtuJiir«l 

'  fi.rk  %Hii,itjfii:  lOf)  tifiie^  i*r  -<c>ff»d,  which  in  given 
■  U»'-  injt  fi»rk  wave  (U.Ol  sec.l  wu.*  'J\ 

.  th*  wat*  3.35  mma.,    and    the   dis- 

Iket  •  '  mmn-   Hence  the  velocity  of  the 

teipuba  iu  this  expcriaicat  wits  43  di^-iUcii  by  j^^j  or   30710  mms.  (30.716  in.)  per 


ao<l,  fl«?ond.  near  \\s  orijcin  from  the  cord,  and  measuring  the  time 
thftt  eUpwed  in  each  case  U»tween  the  moment  nf  stimulation  and 
the  moment  of  tlie  muscular  response.  It  was  found  that  when 
the  Iirr\'e  wa.H  stinmlaled  at  iln  far  end  this  time  inter\'al  was 
looker*  and  since  all  (»thfr  ronditi«ins  remaino<l  the  same  this  dif- 
fctmee  in  time  could  only  be  due  to  the  inter\'al  required  for  the 
oerve  inipube  l/>  travel  the  lonjser  stretch  of  nerve.     In  the  accom- 

•n^mhoUz,  "Mulier's  Archiv  i.  Anat.  ii.  PliyMol.,"  IS.'^2.  \k  100. 
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panying  figure  the  record  of  a  lalxjratory  experiment  of  this 
is  reproduced.  Knowing  the  difference  in  time  and  also  the  length 
of  nerve  between  the  jx>ints  stimulated,  the  data  are  at  hand  To 
calculate  the  velocity  of  the  impulse.  The  velocity  varies  with  the 
temjx^ratures.  According  to  Heluiholtz,  this  variation  lies  between 
24.6  and  ;3S.4m.  |)er  second  for  a  range  of  temperature  lx?tween  IP 
and  21°  C.  For  average  room  temperatures  we  may  say  that  in 
the  motor  nerves  of  the  frog  the  impulse  travels  with  a  velocity 
of  28  to  30  meters  per  second.  Similar  experiments  upon  man  and 
other  mainmalfl  indiwite  that  the  velocity  in  the  nu^dtdhitctl  motor 
nerves  does  not  vary  greatl>'  in  different  animals.  Helmholtz's 
average  figure  for  man  was  34  meters  per  second. 

It  is  interestUie  to  recall  that  only  six  years  before  Helmholtz's  first  pub- 
lication Johannes  Muller  IiaJ  st^kteU  that  we  slioulU  never  fioil  a  means  of 
tletentiiirmp  the  velot-uy  of  the  uer\'e  impulse,  siiice  it  wouhl  be  ini^xf^ble 
to  compare  p(»iiits  at  frreat  clistaures  apart,  a^  in  the  ca.«ie  of  the  movemeut 
of  Jiglit.  "The  time,  said  he.  *^ reqviireii  for  the  transmission  of  a  ^«nsalion 
from  the  jjeriphery  to  the  bruin  and  the  return  reflex  movements  of  the  mus- 
cles iy  infinitely  small  and  uiimea-iurahle. "  The  nuMie  of  reasoning  by  which 
Helndtoltz  was  led  to  doubt  the  validitv  of  thih  assertion  is  interesting:.  He 
saya  ("  MiilJer's  Archiv,'*  1852,330):  ''As  long  as  phvsiologi?^ts  thought  it 
necessary  to  refer  ner\*e  actions  to  the  nioveiricnt  of  an  imiM>nderabIe  or 
psychical  principle,  it  must  have  apiwared  incredible  that  the  velocity  of  tliLs 
movement  could  1^  measure*!  within  the  short  distances  of  the  animal  Ixxly. 
At  y>reseiit  we  know  from  the  re?«arrhe8  of  du  Roift-Reymond  uiwn  the  electro- 
motive properties  of  nerves  that  those  activities  by  means  of  which  the  con- 
duction of  an  excitation  is  acoouiplirtlied  are  in  reality  actually  conditioned 
by  or  at  lea*it  closely  connected  with  an  alleretl  arraiiKement  of  their  material 
particles.  Therefore  conduction  in  nen*es  must  l>eIong  to  the  series*  of  eeif- 
propiigatinp  reactions  of  |>onderabJe  bodies,  such,  for  example,  a.-*  the  con- 
duction of  fiound  ill  the  nir  or  elastic  structures,  or  the  combustions  in  a  tuljc 
filled  with  an  explosive  mixture."  One  of  the  first  fruits,  therefore,  of  the 
scientific  investigation  of  the  electrical  properties  of  thener^*e  fil>er  was  the 
discoveo'  of  the  imi>ortant  fact  of  the  velocity  of  the  nen*o  impulse. 

Nuraerous  efforts  have  been  inade  to  determine  the  velocity 
of  the  ner\'e  impulse  in  mediillatetl  seni«r>-  fibers.  The  results 
have  not  been  entirely  satlsfantnr}'.  The  end-organ  in  this  case  is 
the  cortex  of  the  cerebrum,  and  its  reaction  consists  in  arousiag  a 
sensation,  or  a  reflex  action.  Neither  end-reaction  can  be  meas- 
ured directly.  Attempts  have  been  made  to  determine  it  indi- 
rectly by  noting  the  time  of  a  voluntars'  muRclo  re.spon.He  for  sensory 
stimuli  applied  to  the  skin  at  different  distances  from  the  spinal 
axis.  In  such  cases  the  sensor>'  impulse  travels  to  the  cord,  thence 
to  the  brain,  and  the  return  motor  impulse  travels  from  brain  to 
cord  and  then  bv  the  motor  nerves  to  the  muscle  used  for  the  re- 
sponse. The  results  of  thi^  method  have  In^en  discordant,  owing 
probably  to  the  fact  that  the  centra!  paths  from  two  different  points 
on  the  skin  are  not  identical.  It  is  usually  assumed — without, 
however,  very  con^'incing  proof — that  the  vclocii}'  of  the  impulse 
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m  the  meduUatod  afferent  nen'e  fibers  is  the  same  as  in  the  efferent 
fibeiSL  A  large  number  of  obser^'ations  are  on  record  which  show 
thftt  the  velocity  varies  greatly  in  the  non-mctluliated  nerves  of 
diffcncDt  animals.  In  the  mammal,  according  to  Chauveau,  the 
I  reloeity  for  the  non-meduUated  fibenri  is  only  8  meters  per  second; 
10  the  lobster  it  ii*  6  meters  i^er  second;  in  the  octopus,  2  meters; 
in  the  olfactory  (sensor}^)  ner\'e  of  the  pike  ^  meter,  and  in  the 
^jw>lr>n  only  -j-J^  meter  ])er  second. 

Relation  of  the  Nerve  Impulse  to  the  Wave  of  Negativity.— 
\  fftct  of  great  fiignificance  h  tliat  the  velocity  of  the  impulse  in  the 
motor  Denies  of  the  frog  correepomLs  exactly  to  the  velocity  of  the 
ware  of  negatixnty  as  measured  by  Bernstein.     Evidently  the  two 
phmomcsui  are  coincident  in  their  progress  along  the  filler,  and 
phyaolopsts  generally  have  accepted  the  existence  of  an  action  cur- 
rent as  a  proof  of  the  jmssage  of  a  ner\'e  impulse.      This  belief  is 
ftrtogthened  by  the  fact  that,  as  stated  above,  the  negative  waveac- 
eompanies  the  nerve  impulse  not  only  when  the  ner\'e  Is  .stimulated 
br  electrical  currents,  but  also  after  mechanical,  chemical,  or  reflex 
fiUinulation.     The  c|ucstion  has  t>een  mlsod  as  to  whether  this  elec- 
trical plienomenon  accompanies  the  normal  ncn'e  impulse, — that  is, 
theotr\'e  impulse  that  originates  in  the  nerv^e  centers,  in  the  case 
<if  motor  nen^es,  or  in  the  peripheral  sense  organs  in  the  case  of  sen- 
nry  nerves.     In  regard  to  the  latter  rcl<ition  we  have  jxisitive  evi- 
L       drncfThat  when  light  falls  uixm  the  living  nUina  an  electrical  dlstur- 
■      twMT  b  produced  by  the  visible  rays  of  the  spectrum,*  and  there 
H    ievcr)'  rca>M)n  to  Iwlieve  that  the  passage  of  visual  imjiulses  along 
f    Ae  optic  nen'e  Is  accompanied  by  an  electrical  change.     With 
regard  to  normal  motor  impuls?.s,  the  evidence  is  also  iwsitive  that 
znotor  discharges  from  the  central  nerv^ous  system  are  accompanied 
by  a  wave  of  electrical  disturbance.    This  fact  may  be  shown  by 
iCinuilat ing  the  motor  areas  in  the  cerebnil  cortex  and  testing  the 
^BtatTit  nerves,  such  as  the  sciatic,  for  an  action  current;  or  liy 
•Cfanulftting  a  p)osterior  root  on  one  si<lc  in  the  luml>ar  region  and 
*  <^^»"g  the  sciatic  nerve  on  the  other  side  with  a  galvanometer.t 
Moivover,  all  influences  tliat  alter  the  velocity  or  strength  of  the 
ner%'c  impulse aflfect  the  electrical  disturbance  in  the  same  manner. 
It  i«  l>elieved  generally,  therefore,  tliat  the  electrical  alteration  is 
an  invariable  accompaniment  of  the  excitatory  wave,  and  the  dem- 
onstration of  an  action  current  in  a  nerve  Is  tantamount  tea  proof 
<ii  the  pasH&ge  of  a  ner\'e  impulse. 

Direction  of  Conduction  in  the  Nerve.— The  fact  that  under 
Donual  conditi(ms  the  motor  filx?rs  conduct  impulses  only  in  one 

•Con«uh  Ootch,  "Journal  of  Phvsiolo^'."  31.  1.  1904. 
tOotrh  *ml   Horfllev.  "  Pliil.  Tran.«.,  l^oval  Soc.,"  London,    1S91,  vol. 
\  <B),  and  lioruttAu,  '*'  Pfluger**  Archiv,"  1901. 
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din^ction — /.  t\,  t<nvard  the  i>criphen' — and  the  senson^  filjere  in 
the  oppojjite  rlirection — that  is,  toward  the  nerve  center — Huggciiits, 
of  course^  the  question  a.s  to  whether  tlie  direction  of  conduction  is 
conditioneil  by  a  funtlamental  difference  in  structure  in  the  two 
kinds  of  fillers.  No  such  difference  in  structure  has  l>een  revealed 
by  the  microscope,  although  in  two  respects  at  least  it  will  be  re- 
membered that  the  sen.'*or>^  ne^^*e  fibers  react  differently  from  the 
motor  fibers — namely,  in  the  fact  that  they  are  readily  »timidat«Mi 
by  high  temperatures  am!  that  (hiring  the  |>a.s.sagc  of  a  galvanic 
current  of  constant  strength  they  are  stimulated  continuously  in- 
stead of  only  at  the  opening  or  closing  of  the  current.  These  latter 
difference.s,  however,  may  rest  simply  upon  a  difference  in  irrila- 
I)ility  and  have  no  Itearing  up<»n  the  ((uestion  in  hand.  It  is  the 
acce|>te<l  bflief  iti  physiology  that  any  ner\'c  fiber  may  conduct  an 
impulse  inbotli  direct  ions,  and  <loesso  conduct  its  impulses  when  the 
fiber  is  stimulated  in  the  middle  of  its  course.  An  entirely  satisfactory 
proof  for  this  belief  h  ditficult  to  furnish  unless  the  conclusion  in 

the  preceding  para- 
graph is  admitted, 
— the  conclusion, 
namely,  tliat  the 
electrical  change  is 
a  nccessar>*  and  in- 
variable aecompani- 
ment  of  the  nen'e 
impulse.  It  is  not 
difficult  to  show  by 
means  of  a  galva- 
nometer that  when  a  nerve  tnmk  is  stimulated  the  negative 
charge  spreails  in  both  directiiHis  friKU  the  [joint  stimulated  and 
gives  an  arlive  cutTcnt  on  either  side,  as  indicated  in  the  accom- 
panying diagram.  This  fact  holds  tnie  fur  motor  or  for  sensory 
fil>ers.  The  older  physiologists  attempted  to  settle  this  question 
in  a  more  direct  way,  but  by  methods  which  later  experimenta 
have  provcil  to  be  insiillicient.  They  attempted,  for  instance,  to 
unite  a  motor  ami  sensory  trunk  directly,  to 'cut  the  hypoglossal 
(motor)  and  the  lingual  (sensory)  and  suture,  say,  the  central  stvunp 
of  the  lingual  to  the  periplicral  stump  of  the  hy]K>glossal.  If  stimu- 
lation of  this  tatter  trunk,  after  \iiuon  bad  been  established,  gave 
signs  of  sensation  it  was  cnrisiilennl  as  proof  that  the  efferent  hyix>- 
glossal  fibers  were  now  conduct  tng  afferent ly.  We  now  know  that  in 
such  a  case  the  old  hypoglossal  fibers  tlegenerate  completely,  and 
although  the  new  ones  that  are  eventually  formed  in  their  place  may 
not  lie  outgrowths  from  the  lingual  stump  they  are  at  least  not  the 
oltl  efferent  fibers,  and  hence  experiments  of  this  kind  are  not  so 


Fig.  48. — Schema  to  fhnw  the  firmnizemetil  for  proving 
ibejpropaKuiioii  of  the  ^(^Kalive  clutrgc  tn  buOi  directimis: 
a.  Tne  et iin ul»i  jmk  Heri  n Mlt>H ;  a  tmi  1  a',  gal vanometpr* 
with  leading  off  clectrmteti  arnuiged  to  show  ibe  nognUve 
vsriutiuu  uii  each  nidc. 
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conclusive  as  they  seemed  to  \)e  at  the  time  when  it  was  supposed 
that  K'verecl  nerve  fiixTs  can  unite  immediately,  by  firr^t  intention, 
without  previous  degeneration.  A  similar  objection  applies  to 
Paul  Bert's  often  quoted  experiment.  Bert  implanted  the  tip  of  a 
rat's  tail  into  the  skin  of  its  back.  After  union  hud  taken  place  the 
tail  was  severt»d  at  the  base,  and  the  stump  now  attached  to  the 
iiuok  was  tested  from  time  to  time  as  to  its  sen.^^lbilitv.  Sensation 
returned  slowly.  At  first  it  was  indefinite,  but  by  the  end  of  a 
year  was  apparently  normal. 

Modification  of  the  Nerve  Impulse  by  Various  Influences — 
Narcosis. — The  strrrngth  of  the  impulse  and  its  velocity  may  be 
modified  in  various  ways:  by  the  action  of  temperature,  narcotics, 
pressure,  etc.  Variations  of  temperature,  as  stated  before,  change 
the  velocity  of  propagation  of  the  impulse,  the  velocity  increasing 
with  a  rise  of  temperature  up  to  a  certain  |Xiint.  So  also  the  irri- 
tability and  the  conductivity  of  the  nerve  fiber  are  influenced 
markedly  by  temperature.  If  a  small  area  of  a  nerve  tnmk  l^e 
cooled  or  heated  the  nerve  impulse  as  it  passes  thmugh  this  area 
may  \yc  increased  »»r  deereased  in  strength  or  may  be  blocked 
entirely.  L)ifTerent  fd>ers  show  somewhat  different  reactions  in 
this  respect;  but,  sjK'aking  generally,  the  limits  of  conductivity 
in  relation  to  temperature  lie  between  0*^  C.  and  50°  C.  Cooling 
a  ner\'e  to  0**  C.  will  in  most  cases  suspend  the  conductivity,  but 
tills  fmiction  returns  promptly  ujxju  warming.*  This  fact  fur- 
nishes a  con%'enient  means  of  blocking  the  nerve  impulses  in  a 
Oen'e  tnmk  for  any  desired  length  of  time.  In  the  same  way 
lesthetics  and  narcotics.!  such  as  ether,  chloroform,  cocain, 
chloral,  phenol,  alcohol,  etc.,  m:iy  bo  applied  locally  to  a  ner\'e 
tnmk  and  if  the  applicatinn  is  made  with  care  the  conductivity 
and  irritability  may  be  lessenetl  or  suspended  entirely  at  that  point, 
to  be  restored  again  when  the  narcotic  is  removed.  It  is  an  inter- 
esting fact  that  the  conthietivity  of  the  nerve  may  bo  suspended 
also  by  deprivation  of  oxygen, J — that  is,  by  local  .suffocation  or 
asphyxia.  A  nerve  lil>er  surrounded  by  an  oxygen-free  atmosphere 
will  slowly  lose  its  conductivity,  and  this  property  will  be  restored 
promptly  upon  the  admission  of  oxygen.  Compression  of  a  nerve 
will  also  suspend  its  conductivity  without  permanently  injuring 
the  fibers  provided  tlie  pressure  is  properly  graduated.  Lastly,  as 
was  explainerl  in  a  pnH'erling  chapter,  the  conductivity  of  the  nerve 
may  be  increased  or  decreased  or  suspencW  entirely  by  the  action 
of  a  galvanic  (fxjhirizing)  cumMit.  This  mctliod  of  suspending 
condueti%nty  temporarily  has  been  frequently  employed  for  ex- 

*  TInwelU  BiKlffett,  an.l  Leonawl,  "Jounwil  of  Plivsiolop^-.*'  16,  298, 1804. 
t  Prf.hlich,  •'Zeitsclirift  f.  allgcmeine  Phv^iol.,"  3,  75,  1003. 
t  I5aeyers,  ihid.,  2,  !09,  1003. 


110 


THE   PHYSIOLOOT   OF   MUSCLE   AND  NERVE. 


perimental   purposes,   the  arrangement   being  as  represented  in 
Fig.  49. 

When  the  oondurtivity  of  the  nen^e  is  interrupted  by  any  of  the  methods 
desoribe<i  above,  certain  [)eouliur  reartionn  nmy  t>e  obtained  in  the  inter- 
metJiaie  .stages  l)efore  conduction  is  entirely  abolished.  The  most  interest- 
ing of  the  .«tAg&4  is  the  paradoxical  condition.  In  thitt  Hta^e  a  weak  stiinulue 
applied  at  a  will  cause  u  contraction  of  the  muscle,  while  a  stronger  stimulus 
will  prove  ineffective.  VVedeni*ki,*  who  hu.'^  studied  the*  reaoliuiia  with 
fCToai  carf,  heliin-RS  lliat  thr*  none  in  the  narcotised  area  is  thrown  into  a. 
j>eculiar  totiiliLioii  of  continued  excitation  to  which  he  gives  the  nuine  of 
parabioaiji.  The  condition  U  supjKjseel  to  he  churartprizcd  phy-siolopcaUy 
l)y  a  loss  of  lability  of  the  living  material.  It  seems  possible,  however,  that 
tlie  reactions  wliich  are  taken  a.s  characteristic  of  the  paralnotio  condition 
may  l;e  explained  UfJon  the  assumption  that  the  nan*otics  and  otlier  r^agcnU 
mentioned  so  alter  the  nerve  as  to  make  it  more  su:»ceptible  to  fatigue  (i 
following  parafn^ph). 


UAL 
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Hji-  49.— Schemii  to  shnw  the  metbod  of  bl'ick- 
ing  the  nerve  impul-v  hy  menn«  of  a  polarisinfc  rur- 
rent ;  a.  The  HtiinulaiinR  electrcKjea;  fc,  the  lottery, 
tbe  purrent  nf  which  in  Ie<l  iiitn  the  nerve.  The  dp* 
prcMMiA  irritability  at  both  uiitKle,  f,  ami  ratbiHle,  — , 
prevents  the  uerve  inipulse  stArt«(l  iit  a  from  reaciiing 
tbe  muBcJe. 


The    Question  of    Fatigue    of   Nerve   Fibers. — An    imfxirtant 

question  in  connection  with  the  nature  of  the  nen-e  impulse  has 

lieen  that  of  the  suscep- 
tibility of  the  ncn-^c  fibers 
to  fatigue.  The  obvious 
fatigue  of  muscles  and 
of  nerve  centers  has  been 
referred  to  the  accumula- 
tion of  the  products  of 
metabolism  of  their  tis- 
sues or  to  the  actual 
consumption  of  the  en- 
ergy-yiekling  material  in 
them.  Functional  activ- 
ity in  these  tissues  im- 
plies the  breaking  down 
of  complex  organic  material  (natalxilism)  and  the  setting  free 
of  the  so-called  rhemical  fnerp:y.  The  potential,  chemical,  or  internal 
energy  of  the  compound  is  liberated  as  kinetic  energy  of  heat,  etc. 
It  has  been  accepted,  therefore,  that,  if  the  nerve  fiber  could  be 
demonstrated  to  show  fatigue  as  a  result  of  functional  activity, 
this  fact  would  be  probable  proof  that  the  conduction  of  the  im- 
pulse is  associated  with  a  chemical  cliange  of  a  catabolic  nature  in 
the  substance  of  the  fiber.  Experimental  work,  however,  has 
sho^^'n  that  under  normal  conditions  the  nerve  f^ber  shows  no 
fatigue.  The  experiments  made  upon  this  point  have  been  nu- 
merous and  varied.  The  general  idea  underlying  all  of  them  has 
been  to  stimulate  the  nerve  continuously,  but  to  interpose  a  block 
somewhere  along  the  course  of  the  ner\-e  so  that  the  impulses  should 
not  reach  the  end-organ.  This  precaution  is  necessary  because 
»  Wedenski,  "  Pflijger*s  Archiv/'  100,  1,  1904« 
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the  end-organ — muscle,   gland,    etc. — is  subject    to  fatigue,  and 
snuflt  Iterefore  be  protcctwi  from  constant  activity.     From  time 
to  time  CH*  at  the  end  of  a  long  f>eriod  of  stimulation  the  block  is 
irmoved  and  it  is  noted  whether  or  not  the  end-organ — for  in- 
Mt^aee,  the  muscle — gives  signs  of  a  stimulation.    The  removable 
blook  has  been  obtained  by  the  action  of  a  j.K»larizing  current,  by 
ccddr  by  narcotics,  by  curare,  etc.     Using  curare^  for  instance, 
Boirditi'h*  found  that  the  sciatic  nerve  might  be  stimulated  continu- 
ously by  induction  shociks  for  several  (four  to  five)  hours  without 
eonplele  fatigue,  since  as  the  cumrp  effect  wore  off  the  muscle 
wfaoae  fontractions  were  being  recorded  (M.  tibialis  ant.)  Ix^gan 
to  7¥«pond.  at  firet  with  single  and  finally  with  tetanic  contractions. 
The  curare  in  this  case  may  be  supposed  to  have  blockc<l  the  nerve 
impulse  at  the  motor  end-plate  and  thus  protectetl  the  muscle 
fmn  responding  imti!  the  la[)se  of  several  hitiirs,  although   the 
verr^  during  this  entire  time  was  conducting  tetanic  stimuli.     This 
t-ilKrinent  has  since  been  repeated  by  Durig,t  who  hujs  made  use 
jdihe  fact  that  the  effects  of  curare  can  be  removed  within  a  few 
ates  by  the  sahcylate  of  physostigmin.     Durig  stimulated  the 
ncn'e  for  as  much  as  ten  hours  and  then  ujion  removing  the  curare 
block  found  from  the  contraction  of  the  muscle  that  the  nerve 
^"w  still  conducting.     Fxlesf  and  others  have  shown  that  the 
simo  rfsult  is  obtained  when  the  nerve  is  tcstetl  by  a  capillar}* 
clwtrnnieter  instead  of  by  the  response  of  an  end-organ.     Under 
*iJ''h  conditions  the  nen*e  exhibits   an   undiminished  action  cur- 
iPDt,  although  constantly  stimulated  by  tctanizing  shocks  from  an 
induction  apparatus.     Brodie  and  Halliburton  §  have  found  that 
the  non-medullated  fillers  in  the  splenic  nerve  can  also  be  stimulated 
tor  many  hours  ^\^thout  losing  their  power  of  conduction, — that 
kj  without  showing  fatigue.     Many  other  ob8er%'ers  have  obtained 
Rmilar  residts,  which  have  confirmed  physiologists  in  the  belief 
that  the  nerve  fil>ers  may  conduct  impulses  indefinitely,  or,  in 
bcr  wonis,  that  their  normal  functional  activity  may  be  carried 
continuously  without  fatigue.     If  this  belief  is  entirely  correct 
it  Drould  place  the  nerve  fibers  in  a  class  by  themselves,  since  all 
other  tissues  that  have  been  studied  show  evidence  of  fatigue  when 
kept  in  continuous  functional  activity.     Moreover,  if  this  belief  is 
t-ntirely  correct  it  would  imply  that  the  conduction  of  an  impulse 
in  the  nene  fiber  is  not  associated  with  a  consumption  of  material, 
a  metabolism,  and  in  this  respect  also  the  fimctional  activity  of 
the  nerve  would  be  placed  in  contrast  with  that  of  other  organs. 

•  Bowditch.  "Journal  of  Pliv^iolojry  "  fl,  133.  1H«5. 

t  Diiriff,  ••Centndblfttt  f.  Phvhiol..''  15,  751.  1902. 

i  Rlft«,  "Journal  of  Phvsiolojrv,"  13.  431.  1S92. 

I  Brtxiie  and  lUlUhurton.  '*  Journal  of  Phvsiolo(Ey,"  28,  181.  1902. 
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It  must  bo  remenii>ere(i,  however,  thut,  although  the  above  experi- 
ments demonstrate  the  practical  *'  unfaligueubleness ''  of  nen'e 
fibers  under  ordinar}'  conditions  of  stimulation,  there  are  some 
reasons  to  make  us  hesitati*  in  supposing  that  tht^se  stnictures 
function  absolutely  without  fatigue.  In  all  the  experiments  rt^ 
ferrcd  to  the  nerve  was  stimulated  by  induction  shock,  and  although 
these  stimuli  followed  very  rapi<lly  there  was  a  short  pericKl  of 
rest'  after  each  stimulus,  and  possibly  this  inter\'al  of  rest  ia 
quit-e  sufficient  in  th«  nonnal  nerve  for  recoven-  from  the  effect 
of  the  previous  stimulus.  It  has  been  shown,*  for  instance,  that,  if 
two  stimuli  be  apjilied  to  a  nerve  with  a  very  brief  inter\'al  l>etween 
(O.OOG  sec.  or  less,  according  to  the  temperature),  the  second  stimu- 
lus is  ineffective  so  far  as  can  be  detcnniucd  by  the  response  of  an 
attached  muscle  or  by  means  of  a  capillary  electrometer.  And  it 
may  verj'  well  be  that  in  this  case  the  lack  of  response  to  the  second 
stimulus  \s  flue  to  a  shoit-lasting  fatigue  from  the  first  stimulus. 
This  point  of  view  is  strengthened  by  the  fact  that,  when  the  irrita- 
hilrty  of  the  nerve  is  greatly  deprf-sstxl  by  narcotics. f  this  critical 
interval  is  much  Icngtlicned;  so  that  stimuli  with  a  rate  of  more 
than  10  per  seconfl  may  give  an  effect  only  for  the  first  stimulus, 
(iarten  has  shown  als<i  that  one  ner\-e,  the  olfactory-  of  the  pike, 
when  stirnuhited  by  induction  shocks,  with  an  inter\-al  l>etween 
the  slimuli  ol'  as  much  as  t).'27  sec,  gives  evidence  of  fatigue,  since 
its  action  current  as  measured  In*  the  capillary  electrometer  dimin- 
ishes in  extent  quite  rapidly,  and  recovers  after  a  short  rest.J 

Does  the  Nerve  Fiber  Show  any  Evidence  of  Metabolism 
during  Functional  Activity? — The  functional  part  of  a  nen'e 
fiber  in  coniluction  is  the  axis  cylinder,  and,  indeed,  probably  the 
neurofdirils  in  the  axis  cylinder.  The  mass  of  this  material  even 
in  a  large  nerve  trunk  is  small,  and  its  chemistrv-  is  but  httle  knoA\Ti. 
The  efforts  that  have  Ih'oii  made  to  prove  a  metabolism  in  the 
nerve  FiUt  during  activity  have  })een  directed  along  the  lines 
indicated  by  what  is  known  of  muscle  metal:Milism.  In  a  muscle 
(hu'ing  contraction  lieat  Is  produced,  the  substance  of  the  muscle 
Hhows  an  aciil  reaction,  and  among  the  pmducts  forme*!  carlxin 
dioxid  g'is  is  pcrlia|>3  the  mf»st  promment.  Efforts  to  show  similar 
reactions  in  Hlimulate<l  nerves  have  been  unsuccessful.  Rolleston§ 
investigated  the  (|uestion  of  heat  production  with  the  airl  of  a 
delicaie  bolonvMer  capalde  of  indicating  a  difference  of  temperature 
'*^  .Tn\in'^^'-  '^'**^*  froir's  sciatic  was  uschI.  but  no  increase  in  t<*m- 
I>enituri»  iluring  Htimulation  coidd  l)e  demonstrated.     Xo  change 

•  <)(»tt'h  nnd  Hiirch.  'Mounia!  of  rhv.*ioIop>';*  24.  4m.  IS90. 
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^mction  can  be  obtained  by  means  of  the  usual  indicatorR  for 
ariility.  Waller  has  given  some  experiments  to  show  that  carbon 
liiiniti  isproduced  during  activity,  but  they  are  far  from  fjeing  con- 
clusive. His  line  of  ai*g:umenti8  as  follows:  He  has  found  that  the 
arlioD  current  of  a  nerve  that  is  being  stimulated  is  increaseri  by  the 
pTflrticeof  ver\'  slight  amounts  of  carbon  dioxiri.  higher  percentages 
auaiog  again  naturally  a  decrease.  This  reuttion  for  the  presence 
nfearbon  dioxid  is  apparently  a  very  delicate  one.  When  now  a 
tORD&l  nerve  is  stimulate<l  its  action  current  after  some  minutes 
of  Manic  stimulation  ia  increased  in  the  same  way  as  would 
lappen  if  a  little  carbt)n  dioxid  was  passed  over  it.  He  con- 
atiere  that  this  teraporar>'  increase  in  the  action  current  is  due 
ti>  ihe  formation  of  carbon  dioxid  from  a  functional  metabolism. 
"Hie  only  significant  evidence  that  we  have  of  a  chemical  change  m 
the  tibor  tluring  activity  is  found  in  two  facts  already  mentioned: 
<iOf  is  the  discover^'  that  oxygen  is  requisite  for  normal  conduction. 
A  ncnre  placed  in  an  atmosphere  free  from  oxygen  loses  its  irrita- 
bility, and  regains  it  again  quickly  upon  the  admission  of  oxygen. 
Tbeothcr  is  found  in  the  statement  of  Bethe,  that  when  a  nerve  is 
stiinulAted  a  definite  change  in  the  staining  property  of  the  neuro- 
ftriU  may  be  noteil  (see  p.  102).  At  present  we  must  admit, 
therefore,  that  so  far  as  the  ner\'e  fiber  is  concerned,  we  have  no 
fwwtive  proof  of  a  functional  metabolism.  Tliis  negative  state 
<*I  our  knowledge,  considering  the  difficulties  involved  in  obtaining 
P'w>fs,  hardly  warrants  a  i)o6itivc  denial  of  the  existence  of  such 

*  nuHalKilism.     All  tissues  whose  chemistry*  can  be  studied  show 

*  motabolifim  during  functional  activity,  and,  reasoning  from 
■Ukp}'.  it  seems  probable  that  the  same  fact  vnl\  eventually  be 
'Mnstrated  for  the  axis  cylinder. 

Tiewa  as  to  the  Nature  of  the  Nerve  Impulse.— The  older  con- 

cvpiioQS  of  the  ner\e  principle,  while  they   varied  in  detail,  were 

baaed  uptm  the  general  idea  that  the  nervous  system  contains  a 

natter  of  a  finer  sort  than  that  visible  to  our  senses.     This  matter 

was  picture<l  at  first  as  a  spirit  (animal  spirits),  and  later  as  a  nia- 

■  tcrial  comparable  to  the  lununiferous  ether  or  to  electricity.    Since 

Kjhe  discover^'  that  the  nerve  impulse  travels  with  a  relatively  slow 

^pilfccity  and  is  accompanietlbyadenionstrable  change  in  theelectrical 

condition  of  the  ner\'e^two  main  vie\\'s  regarding  its  nature  have  been 

entertainrd.     Many,  perhaps  most,  modern  physiologists  conceive 

the  nerve  UDpulse  as  a  progressive  wave  of  chemical  change  which 

b  starte*!  at  one  end  by  the  stimulus  and  is  then  self-pn>pagatefl 

along  the  filxT.     The  conception  in  general  is  repres<*nted  by  the 

tranaimssicm  of  a  spark  along  a  line  of  gunpowder.     The  flame 

appBad  at  one  end  causes  an  explosive  chemical  change,  which  is 

then  pn»pagated  from  iK)int  to  point.     The  analog\*  is  obviously 
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ven'  inrtJini>lete,  since  in  the  train  of  giinpowtier  the  matOTal 
is  entirely  consumed,  whereaa  in  the  ner\'e  an  indefinite  series  of 
impulses  may  be  transmitted  and  with  a  strength  varying  with 
the  int-ensity  of  the  originating  stimulus.  This  general  view 
implies  that  a  disassimilalion  or  catabolism  occurs  in  the  nen'e, 
a  breaking  down  of  fimiplcx  niateriul  with  the  liberation  of  the 
potential  chemical  energy ;  it  assimves^in  other  words,  that  the  wave 
of  chemical  change  that  swee|)S  along  a  nerve  fiber  is  similar  to  the 
wave  of  chemical  change,  contraction  wave,  that  passes  over  a 
muscle  fiber.  As  was  stated  in  prece<ling  paragraphs,  there  Ls  no 
evidence  for  this  view.  It  has  not  been  shown  that  in  the  conduct- 
ing nerve  there  are  any  detcctiljle  waste  products  fonncd.  There  is 
no  rise  in  tcmix^rature.  no  change  in  reaction,  no  formation  of  carbon 
dioxid.  The  \ie\v'  rests  entin^ly  upon  analog^'  with  what  is  known 
to  occur  in  other  tissues,  especially  muscle,  during  functional 
activity.  The  electrical  change  that  accompanies  the  ncr^-e  impulse 
is  considered  as  a  by-action,  so  to  speak,  due  probably  tr)  the 
liberation  of  electronegative  ions  (anions)  in  the  reaction  that 
constitutes  the  nerve  impulse.  The  second  general  \iew  of  the 
nature  of  the  nerve  impulse  assumes  that  it  is  a  physical  or  ph\"sico- 
chemipal  process  transmitted  along  the  fiber  without  involving  a 
metabolism  of  the  living  jutvc  substance.  One  may  find  an  analogy 
hn'  such  a  process  in  the  wave  of  pressure  tmnsjnitted  through  a 
tube  filled  with  lifjuid  or  the  electrical  current  conveyed  through  a 
metallic  conductor  This  view  rests  upwrn  the  fact  that  no  eon- 
sumption  of  material  can  be  demonstrated  in  the  acting  ner\'e  fiber, 
and  that  apparently  the  fiber  can  contiuct  indetinitoly  without  show- 
ing fatigue.  Various  suggestions  have  been  offered  as  to  tlifcharacter 
of  this  physical  change,  but  the  one  that  is  perhap>s  most  worthy 
of  consideration  identifies  the  nen'e  impulse  with  the  negative 
electrical  charge  that  is  known  to  pass  along  the  fiber.  It  is  assumed 
that  this  electrical  cliarge  constitutes  the  nerve  impulse.  To  ox- 
plain  the  physics  of  the  conduction  it  is  supposed  that  the  nen'e 
fiber  has  a  structure  essentially  similar  to  the  "core  conductor"; 
(see  p.  102)  in  that  it  contains  a  central  thread  8urrounde*i  by  a 
lirjuid  sheath  of  less  conductive  material.  The  central  thread  may 
l)e  supjKtsed  to  be  the  axis  cylinder  and  the  less  contiuctive  sheath 
the  surrounding?  myelin,  or  perhaps,  to  follow  another  suggestion, 
that  fits  the  non-medullatcd  as  well  as  the  medullated  fibers,  the 
ccntnil  threads  are  represented  by  the  neurofibrils  wnthin  the  axis 
cylinder  and  the  surrr^iinding  sheath  by  the  perifibrillar  substance. 
The  point  of  importance  is  that,  with  a  core  model  (see  Fig.  46) 
consisting  of  a  glass  tube  with  a  core  of  platinum  wire  and  a  sheath 
of  solution  of  sodium  chlorid,  0.6  per  cent.,  electrical  phenomena- 
CAH  be  obtained  similar  to  those  sho^^'n  by  the  stimulated  nerve. 
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If  an  induction  shock  is  sent  into  such  a  model  at  one  end  and 
Ud  Inuiing  ofT  electrodes  are  connected  at  another  point,  an 
action  current  may  be  detected  for  each  stimulus.  It  is 
evHltint,  therefore,  that  in  such  a  model,  as  in  an  ocean  cable,  an 
electrical  charge  may  be  transmitted  in  a  wave-like  form  when  a 
fumiDt  is  applieil  at  one  end.  And,  as  such  a  moving  electrical 
(ib!uri>ance  Im  the  only  objective  phenomenon  known  to  occur  in 
tbr  stimulate*!  ners'e,  it  Is  a.sjsumed  that  it  constitutes  the  nen'e 
impulse.  When  this  electrical  disturbance  reaches  the  end- 
*»j:gan»— the  muscle,  for  instance, — it  initiates  the  clieniiciil  fhanges 
thnt charaeteri/e  the  activity  of  the  organ.  This  kind  nf  theory 
makw  the  ne^^•e  impulse  an  electrical  phenomenon,  and  a.s.sumes 
lliAt  the  nerv'e  iil>ers  have  l>ecome  diffennitiatini  to  fonn  a  specific 
kind  of  conductor,  the  efficiency  of  which  depends  ii(}on  its  having 
fi  Mniriure  Mmilar  to  that  of  a  "coi-e  conductor/'  It  sfiould  be 
wide*!  that  ihLs  and,  indeed,  all  sj.>eeific  theories  of  the  nature  of 
the  nfr\*e  impulse  are,  at  present,  matters  for  discussion  and  experi- 
n  V  :  ■  :i^  s[)ecialists.  The  .subject  is  referred  to  here  .solely  to 
i-  .  trend  of  modem  discussion.     We  are  far  from  having 

to  r\p|anuiinn  of  the  nerve  impulse  resting  ufx)n  such  an  experi- 
mental basis  a8  to  command  general  acceptance.'^ 

V^tUo  »io-  r.fvipo^ecl  a  new  theory  of  the  prochictioii  and  oomhiftion  of 
^  '   whii'h  varies  Mimewhat  frnin  the  tyr«M  griven  iil>ove.     It 

''  til  oliserx'ecl  histoloEical  fact  alremly  referreil  to  (p.  l(T2)   The 

H'  '■  i'*  (lefineil  in  hw  hypothesis  a.s  a  wave  of  cliejnifal  ftlliriity  bfr- 

*"  -.ils  aix I  Bbril  acid  which,  .starting  at   the   i>oint    stiiniiUteiK   ia 

tn^T.•IIlltt*^l  aUinK  t(»e  nen-e.  Tliere  is  thtts  conceived  a  kind  of  chemical 
tttrtioii  which  involves  no  tiheration  of  romhine*!  fflierpy.  To  account  for 
*'''"'  J  rhanpes,  it    is  a»unied    that,  when  the  fil»ril  and  fihril    acid 

"  ■  <  tronegative  ion.« — anions — anj  lil)omteiI,  so  that  as  the  wave 

trf  ^. ,.  i-rtigreNsesit  is  accompai»i©il  by  an  electronegative  cnndition.f 

Qualitative  Differences  in  Nerve  Impulses  and  Doctrine  of  Spe- 
cific Nerve  Energies. — Whether  or  not  the  nerve  impulses  in  vari- 
ous ner\*e  fibers  differ  in  kind  is  a  question  uf  grt^at  interest  in  physi- 
9kfy.  The  usually  accepted  \1ew  is  that  they  are  identical  in 
eharaet^jT  in  all  fibers  and  vary  only  in  intensity.  According  to 
this  \iew,  a  sensor>'  nene — the  auditor^'  nerve,  for  instance — car- 
ri«i  impulses  similar  in  character  to  those  passing  along  a  motor 
tterv^,  and  the  reason  that  in  one  case  we  get  a  sensation  of  hearing 
and  in  the  other  a  contraction  of  a  muscle  is  found  in  the  manner 

•  For  n  Mimmar>'  nf  the  litemtnre  upon  the  nature  of  the  nerx'e  impulse 

«h   Homttrtii.  "  Zeit.   f.  ailg,   Pl»y>.iologie,"   1,   1,  Sammelreferate,    U*02; 
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of  eniUng  of  the  nerve,  one  terminating  in  a  special  part  of  the  cortex 
of  the  cerebrum,  the  other  in  a  muscle.  In  this  respect  and  fmm 
this  standpoint  tlie  nerve  filx*rs  may  be  compared  to  electrical  wires?. 
The  current  conducted  by  the  wires  is  similar  in  all  cases,  but  may 
give  rise  to  very  difTerent  effects  according  to  the  way  in  which 
the  vnres  terminate,  whether  in  an  explosive  mixture,  an  arc  light, 
or  solutions  of  electrolytes  of  various  kinds.  We  have  in  physi- 
ology what  Ls  known  as  the  doctrine  of  sj>ecific  nerve  encTpies, 
first  formulated  by  Johannes  Miiller.  This  diK'trinc  expresses  the 
fact  that  nerve  fillers  when  stimulated  give  only  one  kind  of  reac- 
tion, whether  motor  or  sensorj',  no  matter  in  what  way  they  may  Ix* 
stimulated.  The  optic  nerve,  for  instance,  ^ives  us  a  sensation  of 
light,  usually  lx.'fause  light  waves  fall  on  the  retina  and  thus  stimu- 
late the  optic  nerve.  Hut  if  we  apply  other  forms  of  stimulation 
to  the  nerve  they  will  also,  if  effective,  give  a  sensation  of  light. 
Cutting  the  optic  nerve  or  stimulating  it  with  electrical  currents 
gives  visual  sensations.  On  the  identity  theor>*  of  the  ner\'e  im- 
pulses the  si^ecific  energies  of  the  various  nen'cs — that  is,  the  fact 
that  each  gives  only  one  khid  of  response — Is  referred  entirely  to 
the  characteristics  of  the  tissue  in  which  the  filx^rs  end.  If,  as  has 
been  said,  one  could  successfully  attach  the  optic  nerve  to  the  ear 
and  the  audi  ton*  nerve  to  the  retina  then  Ave  should  see  the  thunder 
and  hear  the  lightning. 

The  alternative  theory  supposes  that  nerve  impulses  are  not 
identical  in  different  fibers,  but  vary  in  quality  as  well  as  intensity, 
and  that  the  specific  energies  of  the  various  fibers  depend  in  part  at 
least  on  the  character  of  the  impulses  that  they  transmit.  On 
this  theory  one  might  speak  of  visual  impulses  in  the  optic  nen^es 
as  something  different  in  kind  from  the  auditor^'  impulses  in  the 
auditory  fil>er's.  With  our  present  methods  of  investigation  the 
question  is  one  that  can  not  be  definitely  decided  by  exjjerimental 
investigation;  most  of  the  discussion  turns  ujx>n  the  applicability 
of  the  doctrine  to  the  explanation  of  various  t-onscious  reactions 
of  the  sensor>'  nenes. 

So  far  as  ex[x*rimental  work  has  been  carried  out  on  efferent 
ner\'es,  it  is  undoubtedly  in  favor  of  the  identity  th*x>r^'.  The 
action  current  is  similar  in  all  nerves  examine<l :  the  reactions  to 
artificial  stimuli  are  essentially  similar.  Moreover,  nerves  of 
one  kind  may  i>e  sutured  to  ner\*es  of  another  kind.  and.  aft^r  re- 
generatitm  has  taken  place,  tlie  reactions  are  found  to  be  deter- 
mined solely  by  the  place  of  ending  (see  p.  76). 

The  Nutritive  Relations  of  the  Nerve  Fiber  and  Nerve  Cell. 
— In  recent  times  in  acconiance  with  the  so-calletl  neuron  doctrine 
(see  p.  122)  every  axis  cylinder  has  been  considered  as  a  process  of 
a  nerve  cell,  and  tiierefore  as  a  part,  morphologically  speaking,  of 
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Xhit  «•!!.     However  this  may  be,  there  is  excellent  experimental 

""viicncc  to  show  that  the  physiological  integrity  of  the  axis  cylinder 

^l«pBnds  upon  its  connection  with  its  corresponding  nen^c  cell.     This 

yiew  dates  from  the  interesting  work  of  W'aller»*  who  showed  that 

'fi  nerve  be  severed  the  jwripheral  ytump.  (ontuitiing  the  axis  cyl- 

Uideisthat  are  cut  off  from  the  cells,  will  degenerate  in  a  few  days, 

The  process  of  degeneration  brought  about  in  this  way  is  kno\Mi 

•»  ««)ndar\*  or  Wallerian  degeneration.     The  central  stump,  on 

^h^  eontrary.  remains  intact,  except  for  a  short  region  imnicdiatcly 

"  zuous  to  the  wound,  for  a  relatively  long  }»erio(l,  extciuling 

.  ■  :  :ij^)t*  over  years.     Waller,  therefore,  spoke  of  the  ner\'e  cells  as 

ft>rmiiig  the  nutritive  centers  for  the  nerve  fibers,  and  this  belief 

^^lenerally  accepted.     In  what  way  the  cell  regulates  the  nutrition 

^  ^fc« nerve  fiber  throughout  its  whole  length  isunknowTi.     Some  of 

tb^   cells  in  the  lumbar  spinal  cord,  for  instance,  give  rise  to  IiIkts  of 

^^>^    ariatic  nene  which  may  extend  as  far  as  the  foot,  and  yet 


^^KtK  it  it^  whole  length  the  nutritive  prwesses  in  these  fil>er8 

^^Pt:  idcnt  on  influences,  of  an  unknown  kind,  emanating  from 

the  nene  cells  to  which  they  are  joine<l.  By  means  of  his  methoii 
Waller  investigated  the  location  of  the  nutritive  centers  for  the 
motor  and  sensor^'  fibers  of  the  spinal  nerx'es.  If  an  anterior 
nwl  is  cut  the  peripheral  ends  of  the  motor  fibers  degenejtite 
Uifxni^out  the  length  of  the  ner\'e,  while  ihc  fibers  in  the  stump 
attached  to  the  cord  remain  intact;  hence  the  nutritive  centers 
for  the  motor  fibers  must  lie  in  the  cord  itself.  Subsequent  histo- 
Ingiral  work  has  corrolxjrated  this  conclusion  and  shown  that  the 
motor  fil>er»  of  (he  spinal  nenes  take  their  origin  from  ner\'e  cells 
lying  in  the  anterior  horn  of  gray  matter  in  the  conl.  the  so-called 
motor  or  anterior  root  cells.    If  the  posterior  root  is  cut  between 

•  WftUer,   "Muner**  Arrliiv."   1852.  p.  302;   and   "Coinptea  rcndua  de 
I'Acvd.  <it  im  S«'ifiice/'  vol.  xxxiv,  1852. 


60. — DlftCT«m  (o  mhtyw  the  direetinn  of  deKenermtion  on  MJction  of  the  motcHor 
|ju«l*m»r  root,  respeetively.     The  d«(ceDerBt«>d  portion  is  repref«nted  in  bUek. 
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the  ganglion  and  the  cord,  the  stump  attached  to  the  cord  degener- 
ates; that  attached  to  the  gangHon  remains  intact,  and  there  is  no 
degeneration  in  the  nen-e  peripheral  to  the  ganglion.  Fig.  50.  If, 
however,  this  root  is  severed  peripherally  to  the  ganglion  liegenera- 
tion  takes  place  only  in  the  spinal  nerve  beyond  the  ganglion.  The 
nutritive  center,  therefore,  for  the  sensor\'  fibers  must  lie  in  the  pos- 
terior root  ganglion,  and  not  in  the  cord.  This  conclusion  has  also 
been  abundantly  corrolx)rated  by  histologiciil  work.  It  Ls  known 
that  the  sensor.'  filjers  arise  from  the  nerve  cells  in  these  ganglia. 
By  the  same  means  it  has  been  shown  that  the  motor  fibers  in  the 
cranial  nerves  arise  from  nerve  ceils  (nuclei  of  origin)  situated 
in  the  brain,  while  the  sensory  fibers  of  the  same  nerves,  with  the 
exception  of  the  olfactor>^  and  optic  ner\'es  which  form  special 
cases,  arise  from  sensory  ganglia  lying  outside  the  nervous  axis, 
such,  for  instance,  as  the  spiral  ganglia  of  the  cochlear  nor\'e.  or 
the  ganglion  semihinare  ((lasserian  ganglion)  of  the  fifth  cranial 
nerve. 

Nerve  Degeneration  and  Regeneration. — ^^'hen  a  ner\'e 
tnmk  is  cut  or  is  killed  at  any  [X)int  by  cm.shing,  heating,  or  other 
means  all  the  fibers  peripheral  to  the  point  of  injury  undergo  de- 
generation. This  is  an  incontestable  fact.  The  older  pliysiolo- 
gists  thought  that  if  the  severed  ends  of  the  nerves  were  brought 
together  by  sutures  they  might  unite  by  first  intention  without 
degeneration  in  the  peripheral  end.  We  know  now  that  this  de- 
generation is  inevitable  on<H?  the  living  rontinuity  of  the  fibers  has 
been  intemipted  in  any  way.  Any  functional  union  that  may 
occur  is  a  slow  process  involving  an  act  of  regeneration  of  the 
fibers  in  the  peripheral  stump.  The  time  required  for  the  degen- 
eration differs  somewhat  for  the  different  kinds  of  fillers  found  in 
the  animal  [)ody.  In  the  dog  and  in  other  mammalia  the  degenera- 
tion begins  in  a  few  (four)  days,  while  in  the  frog  it  may  require 
'from  thirty  to  one  hundre<l  and  forty  days,  depending  ujwa  the 
season  of  the  year.  In  the  dog  it  proceeds  so  quickly  that  the 
process  seem.s  to  be  simultaneous  throughout  the  whole  jx»ripheral 
stump,  while  in  the  frog.  and.  according  to  Bethe,  in  the  rabbit  it 
can  he  seen  clearly  that  the  degenerative  changes  begin  at  the  wound 
and  progress  perii)herally.  The  fil)ers  break  up  into  ellipsoidal  seg- 
ments of  myelin,  each  containing  a  piece  of  the  axis  cylinder,  anrl 
these  segments  in  turn  fragment  ver\'  invgulariy  into  smaller  pieces 
which  eventually  are  absorhe<i  *  (Fig.  51).  The  central  stump  whose 
fillers  are  still  connected  with  the  ner\'e  cells  undergoes  a  similar 
degeneration  in  the  area  immediately  contiguous  to  the  wound,  but 
the  degenerative  processes  extend  for  only  a  short  distance  over 
an  area  covering  a  fewintemodal  segments.     Although  the  central 

•See  Howell  and  Huber,  "Journal  of  Physiolog>'."  13,  335,  1892. 


Hft.  at.— Hutolocy  of  aUegeucrnling  nerve  libor. 


Pig.  W. —  h^bryonic  fil»er-  in  n  nitriH'ralirtu  nerve. 


fig,  B8-— A  newly  <l»vi»|np«l  fiSer  in  n  refcen^ratinn  n«rve  fiber. 
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eods  of  the  fibers  remain  substantiully  intact,  it  is  interesting  to 
find  that  the  nerve  ceUs  from  which  they  originate  iiniiergo  dis- 
tinct changes,  which  nhow  tliat  they  arc  profoundly  affected  by 
the  interruption  of  their  normal  connections  (see  p.  121).  In  the 
peripheral  end  the  procesiis  of  regeneration  l.)eguis  almost  simul- 
taneously with  the  degenerative  changes,  the  two  proceeding,  as 
it  were,  hand  in  hand.  The  regeneration  is  due  to  the  activity 
of  the  nuclei  of  the  neurilenunal  sheath.  These  nuclei  Ijegin  to 
multiply  and  to  form  around  them  a  layer  of  protoplasm,  so  that 
as  the  fragments  of  the  old  fiber  disappear  their  place  h  taken  by 
numerous  nuclei  and  their  surrounding  cytopla.sm.  Eventually 
there  t3  formed  in  this  way  a  continuous  strand  of  i>rotoplasm  with 
many  nuclei,  and  the  fiber  thus  produced,  which  has  no  resemblance 
in  structure  to  a  normal  ner\'e  fiber,  is  described  by  some  authors 
as  an  "emhrjonie  filK?r'*;  by  others  aa  a  "band  fiber"  (Fig.  52). 
In  the  a<lu It  animal  the  process  of  regeneration  stops  at  this  {xjint 
unless  an  anatomical  connection  is  established  with  the  central 
stump,  and.  indeed,  such  a  connection  is  usually  established  unless 
special  means  are  tAken  to  prevent  it.  The  central  and  peripheral 
0tum|)s  find  each  other  in  a  way  that  Ls  often  remarkable,  the  union 
being  giiided  doubtless  by  inter\'ening  connective  tissue. 

Korsm&iitu<*  hhH  emphasized  this  i)e<*uliur  attraction,  na  it  were,  b^ 
tween  the  peripheral  an*i  the  central  eruls,  pivinp  some  reason  to  believe  that 
H  B  a  caoe  of  rhernotaxis  or  rheniotropLsni.  When  the  euiU  of  the  ner^-es 
wen  given  ven*  miasiial  positions  hy  means  of  coHodium  tn\ies  into  whirh 
they  were  iiuertetl  they  managed  to  "  fiiid"  each  other.  Moreover,  he  states 
that  a  centnd  stumft,  if  given  an  e<iual  opfiorttinity  to  ^row  into  two  coUo- 
dium  tiiliC!*,  one  rontaininf?  liver  and  the  other  brain  tissue,  will  chose  tlie 
latter,  a  fact  which  would  iinlicate  f»omo  underlying:  clientical  attraction  or 
affinity  in  nen*e  tL*«suc  for  ne^^'e  tissue.  A  diredive  influence  of  this  kind 
depenilinic  upon  8ome  property  connected  with  chemical  relatiucuihip  is  desig- 
nated as  '*  cnemotaxU. 

If  the  centra!  and  peripheral  stumps  are  brought  together  by 
Ritureor  grow  together  in  any  way,  then  ^Tinder  the  influeneeof  the 
central  end,  the"  band  fiber"  gradually  l>ecomes  transformed  into 
a  nnrmal  nerve  filler,  with  myelin  sheatli  and  axis  cylinder  (Fig.  53). 
It  is  usually  believe<l  that  the  axis  cylinders  are  fonned  as  out- 
growths from  those  of  the  fibers  of  the  central  stump.  These  latter 
penetrate  the  "  band  fibers"  and  grow  throughout  their  length. 

Krtim  a  practical  standpoint  it  is  intcrestinfc  to  note  that  this  influence 
of  the  central  jrtump  mav  be  exerted  mnntlis  or  even  years  after  the  injiin' 
to  Ute  ner\'e.  The  perijiheral  stump  after  rcjjchine  the  Htage  of  "  ban<i  fibers  '* 
ii  raedy.  as  it  were,  for  the  influence  of  the  central  end,  antl  c(L«es  are  on  record 
in  which  a  wcondary  suture  wa-^  made  a  long  time  after  tlie  original  injury, 
with  the  result  that'  fuDctional  activity  was  restored  to  the  ner>-e. 

Bethef  has  thrown    some  doubt  upon  this  view,  for  he  has 

abown  apparently  that  in  ynimg  mammals  (eight  days  to  eight 

•  KoTstnaim!?.  "  Zieeler's  BeitrAge."  27.  2I«.  1902. 

t  Bcthe,  '*  Allgeukeine  Anat.  u.  PliyHiologie  des  XerveusyBtems/'  1003. 
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weeks)  the  regeneration  of  the  fibers  in  the  peripheral  stump  docs 
not  stop  at  the  stage  of  "  band  fillers/*  but  progrerHses  until  per- 
fectly normal  ner\'e  fibers  are  prodijce<l,  oven  though  no  ponnec- 
tion  is  made  with  the  central  stump.  It  should  ]ye  added,  however, 
that  the  fibers  so  formed  do  not  ]>crsi.st  indefinitely  unless  they 
become  connected  with  the  central  stump.  If  this  connection  fails 
to  take  place  the  newly  formed  filjerp  will  degenerate  after  an 
interval  of  some  monthis.  Still,  the  fact  that  in  the  young  fiber 
the  regeneration  in  complete  seems  to  indicate  definitely  that  the 
axLs  pylinrler  may  arise  independently  of  the  fibers  in  the  central 
stump.  The  power  of  regeneration  in  the  nlder  animals  is  more 
limited  and  carries  the  fiber  only  to  the  ytage  of  the  '*  band  fiber.*' 
If  under  the  influence  of  the  central  stump  an  axis  cylinder  and 
myelin  sheath  is  now  formed  in  this  band  fiber  it  is  possible  that 
this  result  is  due  to  local  processes  in  the  band  fiber  stimulated 
by  nutritive  influences  of  some  kiiul  from  the  central  stump,  in- 
stead of  being  due  to  an  actual  downgrowth  of  the  axis  cylinder 
from  the  central  ends. 

Degenerative  Changes  in  the  Neuron  on  the  Central  Side 
of  the  Lesion. — According  to  the  Wallerian  law  of  degeneration, 
the  !HTve  rd>er  on  the  central  side  of  the  injur)'  and  the  nerve  cell 
itself  do  not  undergo  any  change.  As  a  matter  of  fact,  the  central 
.stump  immediately  contiguous  to  the  lesion  undergoes  typical  de- 
generation and  regeneration  similar  to  that  descrilx^d  for  the  fibers 
of  the  ]->eripheral  stump.  The  tlepjenenitive  changes  in  the  fibers 
in  the  central  stump  were  supposed  to  extend  back  only  to  the  fin^t 
node  of  Rauvier, — to  affect,  therefore,  only  the  internodal  segment 
actually  injured.  As  a  matter  of  observation,  however,  it  Is  found 
that  the  degeneration  may  extend  back  over  a  distance  of  several 
intemotlal  segments.  This  limited  degeneration  on  the  central 
side  must  be  considered  as  traumatic, — that  is,  it  involves  only 
those  portions  directly  injure<i  by  the  lesion.  The  central  end  of 
the  fiber  in  general  remains  intaut  as  long  as  its  cell  of  origin  Ls  nor- 
mal. It  was  thought  at  first  that  after  simple  section  of  a  nerve 
tnmk,  in  amputation,  for  instance,  the  ner\'e  cells  and  central  stumps 
remain  normal  throughout  the  life  of  the  indivirhiaL  Dickinson, 
however,  in  1860*  showed  that  in  amputations  of  long  stand- 
ing the  motor  cells  in  the  anterior  horn  of  the  cord  decrease  in  num- 
l>er  and  the  fibers  in  the  central  stump  l^ecome  alrophieil.  This 
obsen'ation  has  been  corroborated  by  other  observers,  and  it  is 
now  believed  that  after  section  of  a  nerv^e  chronic  degenerative 
changes  ensue  in  the  course  of  time  in  the  central  fibers  and  their 
cells,  resulting  in  their  |>ermanent  atrophy.  We  have,  in  such 
cases,  what  has  been  calle<l  an  atrophy  from  disuse.  A  fact  that 
•  "Journal  of  Anatomy  and  Physiology/'  3,  170.  1869. 
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hw  been  discovered  more  recently  and  that  is  perhaps  of  more  im- 
porUDce  y  that  the  nerve  cells  do  undenso  certain  definite  although 
ufljally  temporary'  changes  immediately  after  the  seetitm  of  the 
wrve  fibers  arising  from  them.  It  has  (>een  shown  that  when  a 
Den'e  fil)or  is  cut  the  corresf)onding  cell  may  show  distinct  histo- 
kgicil  changes  within  the  first  twenty-four  hours.  These  changes 
(OQaiBt  in  a  circumM:ribe<l  destruction  of  the  chromatin  material 
in  the  cells  (chromatolysLs)  which  in  a  short  time  extends  over 
the  whole  cell,  so  that  the  primary  stainiiig  power  of  the  cell  is 
kM  (condition  of  achromatasLs)  (see  Fig.  58).  The  cell  also  be- 
ooDfiinroUen  and  the  nucleus  may  assume  an  excentric  [xisition. 
Hw  letrogressive  clianges  continue  for  a  certain  jxTiod  (ul>out 
eighteen  days).  After  reaching  their  maximum  of  intensity  the  cells 
UWttlly  undergo  a  process  of  restitution  and  regain  tlieir  normal 
ippeftrance,  aithoiigh  in  some  cases  the  degeneration  is  permanent. 
Aftif  apction  of  the  nerxe  filjers,  therefore,  two  processes  of  degenera- 
tion may  occur  in  the  central  cells:  one  temporary,  that  reaches  its 
Qaximum  in  two  to  three  weeks,  and  from  which  the  cell  recovers 
wmpletely,  as  a  nde,  in  about  three  months;  and  one  permanent, 
which  comes  on  only  after  many  months  or  even  years  and  is  to 
hin>garded  as  the  result  of  prolonged  inactivity.* 

•N'wO.  •Wllgemeine    Zeit^chrift  f.  Psychiatrie."  48,  197,    1892.    Alao 
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STRUCTURE  AND  GENERAL  PROPERTIES  OF  THE 
NERVE  CELL. 

The  Neuron  Doctrine. — Since  the  last  decade  of  the  nineteenth 
century  the  physiology  of  the  nervous  system  has  been  treated 
from  the  standpoint  of  the  neuron.  According  to  this  point  of 
view,  the  entire  nervous  system  is  made  up  of  a  series  of  units, 
the  neurons,  which  are  not  anatomically  continuous  with  each 
other,  but  eommimicate  by  contart  only.  It  has  been  taught  also 
that  each  neuron  rei>re9ent3  from  an  anatomical  and  physiological 
standpoint  a  single  nerve  cell.  The  typical  neuron  consists  of 
a  cell  body  with  short,  branching  processes,  the  dendrites,  and  a 
single  axis  cylinder  process,  the  axon  or  axite,  which  becomes  a 
nerve  fiber,  acquiring  its  myelin  sheath  at  some  distance  from  the 
cell.  According  to  this  view*.  t!ie  [)eripheral  ncr\'e  fibers  are  simply 
long  processes  from  nerve  cells.  Within  the  central  nervous  system 
each  neuron  connects  with  others  according  to  a  certain  schema. 
The  axon  of  each  neviron  ends  in  a  more  or  less  branched  "  terminal 
arborization,"  forming  a  sort  of  end-plate  which  lies  in  contact 
with  the  dendrites  of  another  neuron,  or  in  some  cases  with  the 
lx>dy  of  the  cell  itself,  the  essentially  modern  jviint  of  view  being 
that  where  the  terminal  arborization  of  the  axon  meets  the  dendrites 
or  body  of  another  neuron  the  communication  is  by  contact,  the 
neurons  l>cing  anatomically  independent  units.  It  is  usually  ac- 
cepted also  as  a  part  of  the  neuron  doctrine  that  the  conduction 
of  a  nerve  impulse  through  a  neuron  is  always  in  one  direction, 
that  the  dendrites  are  receiving  organs,  so  to  speak,  receiving  a 
stimulus  or  impulse  from  the  axon  of  another  unit  and  conveying 
this  impulse  toward  the  cell  body,  while  the  axon  is  a  discharging 
process  through  which  an  impulse  is  sent  out  from  the  cell  to  reach 
another  neuron  or  a  cell  of  some  other  tissue.     The  neuron,  so 
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f&r  u  oonduction  is  concerned,  shows  a  definite  polarity,  the  con- 
duction in  the  dendrites  being  cellulipetal,  in  the  axons,  cellulifugal. 

Tbeocuron  doctrine,  so  far  a*  the  naino  al  least  Lh  concenied,  dales  from 
AfCDCrtl  paper  liy  WalJeyer,*  in  whirh  tlie  newer  work  up  to  that  time  wai 
Momarind.  Tltemaixi  facts  upon  which  the  (*onc*ei>tion  re-^ts  were  fi)jTii.>hetJ 
brliu  (188^),  to  whom  we  owe  the  generallv  uccented  l>elief  that  the  riene 
fiber  [»x»  cylinder)  is  an  outgrowth  from  t)»e  cell,  and  Kecondty  by  (JolRi, 
Ci}>l,ind  a  hrt^i  of  other  workers,  wlio,  by  niean:s  of  the  new  method  of  Oolp, 
<Mun9trate>I  the  wealth  of  brandies  of  the  nen-e  cell«,  partifwlarly  of  the 
iMritoi,  nn<l  tlie  mode  of  co!uie<*tion  of  one  nerve  unit  with  another.  The 
vinr  thit  tbc6c  uuitd  are  anatomically  iudcpeudcut  and  on  the  embryotogical 


Hi-  H^Motor  ««D,  ant«rinr  horn  of  ttny  m«tt«r  of  oont.     Prom  bummn  ffltua  (X«fiAat- 
mk):    *  m&rki  th«  axoo;    th«  olber  bimnehaa  aro  deudrilaa. 


9At  are  donved  each  from  a  single  ppiblastic  cell  fneiiroblast)  has  proved 
arevpuble  and  most  helpful;  but  the  validity  of  this  hypothesis  is  again 
aflad  iato  question.  As  was  rtateiJ  oti  p.  1 19.  Bethe  hat  Hhown  apparently 
Utol  i&  yvMiDg  animalt  the  nuclei  of  the  neurileminal  sheath  may  regenerate 
ft  tMW  nerve  6ber  containing  mx'is  cvUnder  and  myelin  sheath,  and  thi>t  fact 
•t  ooce  liringM  into  question  the  hitherto  arrcptc<l  l)elief  that  the  axis  cvlin- 
dv  can  be  fomiorl  onlv  a-^  an  outgrowth  from  a  ner\'e  cell.  In  fact,  it  Itidi- 
ttlei  •trOQ^y  the  probability  of  an  older  \*iew,  acconlintr  to  which  the  axis 
rHtruier  U  lormefl  by  the  fusion  of  a  **erie^  of  cells  whwe  origin  in  the  name 
M  !'  'Hcnted  by  the  nuclei  of  the  neurilemma.     Some  histologist'^ — 

Apa!  '0,  Xijoil — have  aL«o  attacketl  the  most  fundamental  feature  of 

IW  acunm  doctrine,— the  \'iew,  namely,  that  each  neuron  represents  an  Inde- 

•"Deut.  me<l.  Wwhensohrift."  ISOl.  p.  50. 
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pentost  anatomical  element.  Tbese  authors  cootenU  that  the  neurofibhl^ 
tbe  axis  cyliader  p^  tiirough  the  oerve  cells  and  eotcr  by  way  of  a  tietw 
into  direct  coonection  with  the  ncxtrofibcilB  of  other  oeuroas  (see  F^g.  d9)« 
The  oeurofibriii  form  a  cootinuum  thnMigh  whieh  ncrre  impulses  pass  withoul 
a  bre^  from  neuron  to  neurpo.  Aceoraing  to  thia  ccoceptioD,  the  gatighoi 
cell-)  ptay  no  liirect  pan  in  the  eonduction  of  the  impube  from  one  part  ot  thi 
nervous'  syetem  to  another;  the  neurofibrils  alone,  and  the  intiaf^Uulat 
and  periceUulAT  networki  with  which  they  coonect,  fonn  tbe  conducting 
patiu  that  are  everywhere  in  continuity.  In  the  explanation  g;i\ien  below 
of  the  activitie-t  of  the  nervous  system  the  author,  foUowing  the  U5ual  cu»- 
toco,  make^  u-^e  of  the  neuron  doctrine,  siux  it  15  at  pre«iit  ini|xissible  to 
My  vhether  or  not  the  newer  \iews  of  the  cootiauuiu  of  neurofibriL^  \m\\  he 
eorroborated.  While  the  physiological  facts  remain  the  t^ame  whichever  \iexf 
prwaib,  there  can  be  no  doubt  that  tlie  fioint  of  view  of  the  physiolofnsi 
woold  be  grejitly  changed  if  the  present  simple  conception  of  a  series  of  oei>- 
rons  of  a  definite  pcJarity  a^  reganis  conduction  were  replaced  by  the  nuirei 
complex  schema  oc  indeoendent  neurofibrils  and  a  central  reticulum  in  which! 
ft  btais  for  polarity  and  oefinite  paths  of  conductioa  is  lacking. 

■i 

The  Varieties  of  Neurons. — The  neurons  differ  greatly  ia 
size,  shape,  an<l  internal  stnirture,  and  it  is  impossible  to  classify! 
them  with  entire  success  from  either  a  physiological  or  an  anatomical' 
standpoint.  Neglecting  the  unusual  forms  whose  occurrence  is! 
limited  and  whose  structure  is  perhaps  incompletely  known,  thexei 
are  three  distinct  tyj^es  whose  form  and  structure  throw  some^ 
light  on  their  functional  significance:  i 

I.  The  bipolar  cells.  This  cell  is  found  in  the  dorsal  rtx)t  gatt-^ 
glia  of  the  spinal  nerves  and  in  the  ganglia  attachetl  to  the  sensory 
fihK^rs  of  the  cranial  ner\-es,  the  ganglion  semilunare  (Gassenan)i 
for  the  fifth  cranial,  the  g.  geniculi  for  the  seventh,  the  g.  vestibu- 
lare  and  g.  spirale  for  the  eighth,  the  g.  superius  and  g.  petrosuia 
for  the  ninth,  the  g.  jugulare  and  g.  nodosum  for  the  tenth. 

The  t>T)ical  cell  of  this  group  is  found  in  the  dorsal  rof)t  ganglia. 
In  the  adult  the  two  processes  arise  as  one,  so  that  the  cell  set^ins  to 
be  imipolar,  but  at  some  distance  from  the  cell  this  process  diNndee' 
in  T,  one  branch  passing  into  the  spinal  conl  via  the  posterior' 
ror>t,  the  other  entering  the  spinal  ner\'e  as  a  sensory  ner\'e  fiber] 
to  be  distribut^l  to  some  sensor)'  surface.  Both  processes  l)ecome| 
modullated  and  fonn  typical  ner\'e  fibers.  That  these  apparently 
unipolar  cells  are  really  bipolar  is  shown  not  only  by  this  di\*isioa 
into  two  distinct  fibers,  but  also  by  a  study  of  their  development 
in  the  embryo.  In  early  embrj'onir  life  the  two  processes  arise 
from  different  poles  of  the  cell,  and  later  become  fused  into  an  ap- 
parently simple  process  (Fig.  55).  The  striking  characteristics  of 
this  cell,  therefore,  are  that  it  gives  rise  to  two  ner\'e  fibers,  and  that 
it  possesses  no  dendritic  processes.  On  the  physiological  side  these 
cells  might  be  designated  as  sensory  cells,  since  they  appear  to  be| 
associated  always  with  sensor>-  ner\'e  fibers.  So  far  as  the  sensory 
fibers  of  the  spina!  and  cranial  ner\*ps  are  concerned,  it  is  wortli 
noting  also  that  all  of  them  arise  from  cells  hing  outside  the  mai 
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tfiiof  the  central  nen'ous  system.  The  sensory  impulses  brought 
tothecell  by  the  process  arising  in  the  peripheral  tissue  doubtless 
pas  into  the  body  of  the  cell  before  entering  the  process  that 
lends  to  the  cord  or  brain, — that  is,  it  is  not  prt>bable  that  the  im- 
pniie  passes  fn»m  one  process  to  the  other  at  the  T  junction,  since 
tbmliy  conducting  elements  in  the  axis  cylinder,  the  neurofibrils, 
irenol  in  connection  at  this  point  but  in  the  network  or  reticuhim 
of  the  cell  itself. 

II.  Tlie  multipolar  cells.  The  processes  of  these  cells  fall  into 
I/to  groups:  the  short  and  branchinj;  dendrites  with  an  inner 
torture  resembling  that  of  the  cell  body,  and  the  axon  or  axis 
«)'fiiidcr  procose  (Fig.  54).  According  to  the  structure  of  this  last 
this  type  may  be  classified  under  two  heads:  Ciolgi  oells  of 


;.M. — npoUr  ctf\l3  in  the  poaterior  pool  Ksnglion.    8«*lion  (hroiMh  Hpttud  rad- 
Mwtujgw  Douw  {l^nfiMBck):  a.  The  spinal  ganclion;  6,  the  «piunl  cord;  c.  Uie 
ir,  rf.  tbm  ant«h<ir  root. 


Jfirst  and  the  sei'ond  tvi^e.  The  cells  nf  the  first  tyf>e  are  charac- 
teiwd  by  the  fact  that  the  axon  leaves  the  central  gray  matter  and 
beoomea  a  nen^e  fil)er.  This  nerve  fiber  witliin  the  central  nervous 
8j>f'  irive  off  numerous  collaterals,  each  of  wluch  ends  in  a 

l«7i  "trization.     By  this  means  the  ntnirons  of  this  type  may 

1*  hrought  into  physiological  connection  with  a  numlx»r  of  other  neti- 
fTiiw.  This  kind  of  nerve  cell  is  frequently  described  as  the  typical 
nen-c  cell,  (iolgi  supposed  that  it  represents  the  motor  type  of  cell, 
»ml  this  %'iew  is,  in  a  measure.  l)orne  out  by  subsequent  investiga- 
titin.  The  distinctly  motor  cells  of  the  central  nervous  system— 
•i»4k,  for  instance,  as  the  pyramidal  cells  of  tiie  cerebral  cortex,  the 
[iDterinr  hom  cells  of  the  spinal  cord,  the  Purkinje  cells  of  the 
ellum— all  belong  to  this  type.     But  within  the  nerve  axis 
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most  of  the  comluction  from  neuron  to  neuron,  along  sensory  as 
well  as  motor  paths,  is  made  with  the  aid  of  such  strupturea,  the 
dendrites  being  the  receptive  or  sensory  organ  and  the  axon  the 
motor  apparatus. 

The  Golp  cells  of  the  second  type  (Fig.  56)  are  relatively  less 
numcrtjus  and  important.  They  are  characterized  by  the  fact  that 
the  axon   process  instead  of 


forming  a  nerve  fiber  splits 
into  a  great  number  of 
branches  within  the  gray 
matter.  .\3sumin{t  that  in 
such  cells  the  distinctiun  be- 
tween the  axon  and  the  den- 
drites is  well  made  and  that 
a.s  in  the  other  type  the 
dendrites  form  the  receiving 
and  the  axon  the  discharpintr 
apparatus,  these  cells  woxiM 
seem  to  have  a  flistributivc 
function.  The  impulse  that 
they  receive   may  be    trans- 


Flc.  56.  — Ootei  cell  dteoood  type). 
The  axon,  a,  diviiies  into  n  numbfir  of 
Am  brBnehes. — (From  06eri<ri>ier,  &it«r 
Andria$m.) 


•V 


/ 


Fiff.  57.  —Normal  anterior  horn  cell 
{Wamnaton),  flhowiiig  the  Nitul  granules  in  Ihe 
cell  and  dendhiei^:  <i.Tba  axon. 


mitted  to  one  or  many  neiuwns.    They  are  sometimes  spoken  of  as 
intermediate  or  association  colls. 

Internal  Structure  of  the  Nerve  Cell. — Within  the  lx>dy  of 
the  nerve  cell  itself  the  striking  features  of  physiological  significance 
are,  first,  the  arrangement  of  the  neurofibrils,  and,  secondly,  the 
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JMItee  of  a  material  in  the  form  of  granules,  rods,  or  masses 
which  stains  reailily  with  the  baidc  anilin  dyes,  such  as  methylene 
blue,  ihiiinin,  or  toluidin  blue.  This  latter  substance  is  spoken  of 
16  the  •*chromophile  substance,"  tigroid,  or  more  frequently  as 
SM's  granules,  after  the  histologist  who  first  studied  it  success- 
fully, rhese  masses  or  granules  are  found  in  the  dendrites  as  well 
1^  in  the  cell,  but  are  absent  from  the  axon  (see  Fig.  57).  Little  is 
known  of  their  composition  or  significance,  but  their  presence  or  ab- 
fCDoeiftin  many  ca.s<»s  characteristic  of  the  physiological  con<lition 
of  the  cell.  After  legions  or  injuries  of  the  neuron  the  material  may 
become  dissolved  and  diffused  thn:tugh  the  cell  or  may  decrease  in 
UQOunt  or  disappear,  and  it  seems  probable,  therefore,  that  it  repre- 
«nU  a  store  of  nutritive  material  (Fig.  58).  The  non-staining 
roatcnal  of  the  cell,  according  to  most  recent  observers,  contains 
neumfibrils  which  are  continued  out  into  the  processes,  dendrites  as 


Fk.SB» — Anterior  hom  «!1  fourteen  daysaft«r  •ecfion  of  the  anterior  root  (WTttrrinp- 
■")   To  ibow  the  ctunie  in  the  ituoieua  and  Ibe  NimI  sranulftt,  becinmnK  chroroatolysu 


These  fibrils  may  be  regarded  as  the  conducting 
bng  which  passes  the  nerve  imptdso.  The  arrangement 
[theNe  fibrils  within  the  cell  is  not  completely  known,  the  results 
varying  with  the  methods  employecl.  A  matter  of  far- 
importance  on  the  physiological  side  is  the  question  of 
tte  existence  of  an  extracellular  nervous  network.  Most  recent 
^  Uitok)gi8t«  agree  in  the  belief  that  there  Ls  a  delicate  network 
nmding  the  cells  and  their  protoj>Iasmic  processes.  This 
cUular  net  or  (iolgi's  net  is  claimed  by  some  to  be  a  ner- 
atructure  connecting  with  the  neurofibrils  inside  the  cell 
*oil  forming  not  ordy  a  bond  of  union  between  the  neurons,  but 
pO"ibly  abo  an  important  intercellular  nervous  structure  that 
play  im  important  rolo  in  the  functioas  of  the  nerve  centers. 
I  view  is  represented  schematically  in  Fig.  59.  According  to 
R,  thb  network  amuiid  and  outside  the  cells  Ls  a  supporting 
tiwoe  simply  that  takes  no  part  in  the  activity  of  the  nenc  units. 
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General  VhywAogj  at  the  Hcrrc  Ceil. — ^Moden  physioiogista 
hftve  cooadend  the  cell  body  of  the  neuioa,  inchidiQg  tbe  dezt- 
•  the  aoone  o(  the  eoagy  dispkyed  bj  the  nerrous  system, 
ham  been  aasmned  thftt  this  CBei)gy  axiKS  from  chemical 
m  the  nenre  cefl,  as  the  cueist  libefmted  by  tbe  musMrle 
;  frofls  the  chemkad  cfauieBB  m  its  flbhaUDce.  It  would  follow 
from  this  stsndpoini  that  cvidBnces  of  chwniral  activit>^  should  be 
obtained  fnmi  tbe  ceUs  aad  that  the  efements  should  exhibit  the 
pheooneDoo  of  fatigue.  Regarding  this  latter  point,  it  is  believed 
in  pfajraology  that  the  nervv  eelk  fotigue  readily.  Tbe  nerve 
eenteis  show  tetigDe  as  the  remh  of  continuous  arti\ity ,  as  is  ei>ident 
from  our  pefsanal  experience  in  pcoloDged  intdkctual  or  emo- 
tional activity  and  as  is  implied  in  the  neeuasitji  of  sleep  for  re- 


Ac  A  MiuonrecfliB  thm 

cord  •—  — -^ ^ 

Oil 


to  iiniicate  Um  eunaecUoM  of  the  petieeltiUAr  network: 
r  root  nnglifw :  the  fibrik  ia  tfat  btmndi  thftt  runs  io  iIm 
<fifMiy  with  kfa*  ptncwihittr  otCvoric  of  the  notor  «■!!«, 


euperation  and  the  rapidity  with  which  functional  activity  is  lost 
on  withdran-al  of  the  blood  supply.  Objectively,  also,  it  has  been 
shown  in  the  ergographic  experiments  (see  p.  45)  that  the  well- 
known  fatigue  of  the  neuromuscular  apparatus  probably  affects 
the  nerve  centers  as  well  as  the  muscle.  Assuming  that  the  ner\'e 
cells  are  the  effective  agent  in  the  ner\'e  centerB.such  factj?  in^lioate 
that  they  are  susceptible  to  fatigue.  But  wp  have  no  ven*  direct 
proof  that  this  property  is  shown  universally  by  the  nen'e  cells 
nor  any  indication  of  the  probable  differences  in  this  regard  shown 
by  nerve  cells  in  different  parts  of  the  central  nen'ous  sj-stem. 
It  seems  probable  that  under  normal  conditions — that  Ls,  under 
the  influence  of  what  we  may  call  minimal  stimuli — some  portions 
of  the  nerve  centers  remain  in  more  or  less  constant  activity  during 
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Wdiy  without  showing  a  marked  degree  of  fatigue,  just  as  our 

muBclee  remain  in  a  more  or  less  continuous  state  of  tonic  con- 

trarlioD  throughout  the  waking  f>erioti  at  least.     Doubtlesw  when 

tbt  stimulation  is  stronger  t  he  fatigue  is  more  marked,  because  the 

proccBBes  of  repair  in  the  nen*e  centers  can  not  then  keep  pace 

wilh  the  pnx'e^ttses  of  consuinption  of  inuierml.     Kvideiice  of  a 

prohahlc  chemical  change  in  the  nerve  cells  durhig  activity  is  foiin<i 

tk)  in  the  readiness  with  which  the  gray  matter  of  the  nervous 

mUtm  takes  on  an  acid  reaction.*     In  the  fresh  resting  state  it 

ii  probably  alkaline,  Imt  after  death    it   quickly  shows   an  acid 

naction.  due,  it  is  said,  to  the  production   of   lactic  ai'id.    Its 

memhlance  to  the  muscle  in  this  respect  k^ads  to  the  inference 

thai  in  functional  activity  acid   Is  also  prcnlviced.     Mosso  states 

tlwl  m  the  brain  increased  mental  activity  Ls  accompanied  by  a 

n*'  in  the  temperature  of  the  brain. f     His  cxj>erinu'nts  were  nuide 

U|)()n  imJividuaU  with  an  oix^ning  in  the  ykull  through  which  a 

dflicate  thermometer  could  I)e  inserted  so  as  to  lie  in  contact  with 

bndn.    So  also  the  facts  briefly  mentioned  in  regard  to  (he  Nissl 

pinules  give  some  corrolK)rative  evidence  that   the  activity  of 

the  nervous  system  is  accompanied  i>y  and  probably  caused  by 

idiemical  change  within  the  cells,  since  the  excessive  activity  of 

the  nerve  cells  seems  to  be  accompanied  by  some  change  in  these 

gnnule^,  and  in  abnormal  conditions  associated  with  loss  of  func- 

lioa&l  activity  the  granules  undergo  chromatolysLs,^that  Ls,  they 

lu^'disinttfgrated  and  dissolved.     ( )bvious  histological  changes  which 

imply,  of  course,  a  change  in  chemical  structure,  have  been  observed 

by  a  numl>er  of  investigators.J     All  seem  to  agree  that  activity  of 

the  tiasue,  whether  nonnal  or  uiduce<l  by  artlHcial  stimuhition, 

n*y  cauae  visible  changes  in  the  api>earance  of  the  cell  and  its 

nucleus.     Activity  within  nonnal  limits  may  cause  an  increase  in 

the  «ze  of  the  c^ll  together  with  a  diminution    in   the  stainable 

(NwO)  siilwtance,  and  excessive  activity  a  duninution  in  size  of  the 

odi  and  the  nucleus,  the  formation  of  vacuoles  in  tjic  cell  body, 

And  a  marked  effect    upon    the    stainable   material.     Hodge  has 

ihown  that    in   birds,  for  instance,  the  spinal   ganglion  cells  of  a 

nraliow  killed  at  nightfall  after  a  day  of  activity  exhibit  a  marked 

Vm  of  substance  as  compared  witli  similar  cells  from  an  animal 

kiUerl  in  the  early  morning  (Fig.  6()). 

Il  must  be  remembered,  however,  that  our  knowledge  of  the 
ure  of  the  chemical  changes  that  occur  in  the  cell  during  activity 
vciy  meager.     Presumably  carbon  dioxid  and  lactic  acid  are 

•  lAngeiidorff,  "  Ontralhl.  f.  d.  med.  Wi^s.,'*  I««6.  See  also  Halliburton, 
"TIm'  Cmonian  l^erturM  on  the  Chemical  Side  of  Nervous  Activity,"  1901. 

f  Mono,  **  Die  Teraperntur  des  Gchinis,"  1894. 

:Sc9  ftfpecially  Hodge,  "Journal  of  Morph<il«cy,"  7,  95,  1892,  and 
»,  1,  l»H. 
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formed  as.  in  muscle,  and  we  know  that  oxygen  is  consume 
Enough  is  known  perhaps  to  justif}*  the  general  view  that  the  eneiigy 
exhibited  by  the  nen-^ous  sj'stem  is  derived,  in  the  long  run,  from 
a  metabolism  of  material  in  the  nen'e  cells,  a  metabolism  which 
consists  essentially  in  the  splitting  and  o.xidation  of  the  complex 
substances  in  the  pnDtoplasm  of  the  coll. 

Summation  of  the  Effects  of  Stimuli. — In  a  muscle  a  series 
of  stimuli  will  cause  a  greater  amount  of  shortening  than  can  be 
obtained  from  a  single  stimulus  of  the  same  strength.  In  this  case 
the  effects  of  the  stimuli  are  summated,  one  contraction  taking 
place  on  top  of  another,  or  to  put  it  in  another  way,  the  muscle 
while  in  a  condition  of  contraction  from  one  stimulus  is  made  to 


\j 


^v 


-Spinal  gEncUoa  cells  from  E^s^i^  sparroirs.  to  show  the  daily  Tariation  in 
ifae  a(ipearBuoe  of  the  ceUa  due  to  norniKl  aclivitj-: 


,      .4.  Appearance  of  cells  at  the  end  of 

an  active  day:  B,  appearance  of  cells  in  live  moruing  aft(?r  a  niRht's  rent.  The  cytoplaam 
ia  filled  with  dear,  lenticular  maaeea,  wbioh  are  much,  more  evident  in  tfao  rested  cells  UlMl 
ia  those  faticued.— (ffodtre-) 


contract  still  more  by  the  following  stimulus.  In  the  nen'e  fiber 
such  a  phenomenon  has  not  l)een  demonstrated.  The  strength  of 
the  nen'e  impulse  can  \>o  determined  only  by  means  of  the  effect 
on  the  end-organ. — e.  g.,  the  muscle, — in  which  case  the  properties 
of  the  end-organ  must  be  taken  into  account,  or  by  the  aid  of  the 
electrical  resix>nse.  Now,  when  a  nerve  is  stimulated  so  rapidly 
that  the  second  stimulus  falls  into  the  nen-e  before  the  electrical 
change  due  to  the  first  stimulus  has  passed  off.  the  second  stimulus, 
instead  of  adding  its  effect  to  that  of  the  first,  simply  has  no  effect 
at  all;  it  finds  the  nene  unirritable  *  According  to  this  result, 
we  should  expe^**.  that  a  summation  of  the  effects  of  rapidly 
•Gotch  and  Burch,  "Journal  of  PhysioIog>/'  24,  410,  1899. 
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Iflhring  stimuli  is  not  possible  in  the  case  of  the  nerve  fiber. 

In  the  nerve  cell,  on  the  contrar>',  it  is  usually  taught  that  the 

power  of   sunuiiation   is  a    characteristic   pmi>erty,  although   it 

may  be  said  that  the  proofs   for   this  belief  are  not  very  direcL 

ll  is  pointed  out  that»  while  a  smgle  ytijnulus  applied  to  a  sensory 

nerve  may  be  ineffective  in  producing  a  refiex  respon-se  from  the 

central  nervous  s\'stem,  a  series  of  such  stimuli  will  call  forth  a 

RtclioD.     In  this  cas^e  it  is  assumed  that  the  effects  of  the  suc- 

<eeding  stimuli  are  summatcd  within  the  nen'e  cellj^  through  which 

the  rpflex  takes  place,  and,  generally  speaking,  it  i.s  a,ssumed  in 

phvMologj'  that  the  nen'e  centers  are  adapted  by  their  i)ower  of 

summation  to  resiK>nd  to  a  series  of  stimuh  or  to  continuous  stimu- 

latiwa.    The  best  examples  of  this  kind  of  action  are  obtained 

perhaps  from  sensor>'  ner\Ts,  in  which  case  we  judge  of  the  intensity 

o(  the  cell  activity  by  the  concomitant  sensation,  or  by  a  reflex 

Twponw. 

Response  of  the  Nerve  Cell  to  Varying  Rates  of  Stimula- 
tion.—The    various    parts    of    the    neuromuscular    apparatus — 
namely,  the  ner\-e  cell,  the  nerve  fil>er,  and  the  muscle  fiber — have 
different  decrees  of  respoasiveness  to  repeated  stimuli,  and  this 
Mponsivenefis  varies,  moreover,  for  the  different   kinds  of  mus- 
ffc»  and  of  ner\'e  fibers,  and,  probably  for  the  different  kinds 
of  ncn^e   cells.     The   motor  cells   nf    the   brain   di.srharge    their 
HMitor  impulses  nonnally  at  a  rate  probably  of  about  1(»  per  second 
((«»  p.  43),  and  it  Is  verj'  interesting  to  find  that,  if  these  ceUs 
4rp  stimulated  artificially,  their  rate  of  motor  tlischarge  does  not 
liwp  puce  with  that  of  the  stimulation  (:Mnj>lo\od,  but  occurs  at 
wut  the  same  rate  as  the  normal, — namely,  at  about   10  per 
r»wnd.    Thus,  Horsley  and  Schiifer*  found  that  in  monkeys,  dogs, 
eate,  and  rabbits,  slimuhition  of  the  motor  regions  of  the  cortex 
or  the  motor  cells  in  the  cord  gave  tetanic  muscular  contractions, 
which   from   their  graphic    records   were  evidently   composed   of 
[ipio  C(jntractions  foHowing  at  an  average  rate  of  10  per  second, 
llhough  the  stimuli  applied  to  the  center  might  var>'  in  rate  from 
10  to  50  per  second.     Similar  results  by  a  somewhat   different 
method  were  obtained  by  liroca  and  Richet.t     These  authors  [XDint 
«it,  moreover,  that  no  mental  act  can  be  repeated  more  rapidly 
(oo  the  average)  than   10  times  per  second.     If  one,  for  instance, 
attempts  to  think  a  series  of  syllal>Iea  or  words  in  a  given  phrase 
the  maximum  of  rapidity  with  which  each  syllable  can  be  clearly 
ttiaught  is  at   the  rate  named.    The  authors  last  named  believe, 
tberefore,  that   the  minimal  duration  for  an   intellectual  act  is 
probably  approximately  about  -j^  of  a  second.     These  facts,  so 

*    '   r^ley  anri  SohMer,  "Journal  of  Ph^-sioloffy,"  7,  96,  1886. 

-K-fl  Axid  Richet,  "  Journa]  de  physiol.  nomi.  et  pathol.,"  1897,  p.  864. 
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far  M  they  gOp  iroald  indicate  that  in  the  oerebnun  and  the  cord 
the  nenre  cells  react  with  a  certain  rfaythxcu 

The  Refractory  Period  of  the  Iferre  Cell. — The  peculiar 
linilhm  of  the  active  nerve  ceU  just  referred  to  in  tl^  para- 
graph above  is  explained  most  satisfactorily  by  an  assumption 
first  used  in  connection  with  the  rhnhmical  beat  of  the  heart.  As 
will  be  explained  more  fully  in  the  section  on  the  physiology  of 
the  heart,  it  has  been  found  that  after  the  contraction  of  the 
beftrt  begins  it  is  unirritable  to  artificial  stimuli,  and  that  its 
irritability  is  recovered  during  the  period  of  rest^ — the  diastole. 
The  heart  has,  therefore,  alternate  periods  of  irritabiUty  and 
tmirritability.  The  latter  phase,  the  condition  in  which  the  heart 
ma'icle  will  not  respond  to  stimulation,  is  known  as  the  refractoiy 
period,  or  refractory  phase.  Inasmuch  as  it  appears  immediately 
after  the  contraction,  it  is  usually  explained  as  being  due  to  some 
product  of  the  chemical  reaction  causing  the  contraction^ — in  fact, 
a  state  of  temporar>'  fatigue.  A  similar  conception  has  been  applied 
to  the  nerve  cell.  The  experiments  cited  in  the  preceding  para- 
graph would  indicate  that,  after  the  discharge  of  an  impulse,  the 
cell  falls  into  a  refractory  phase  for  a  period  of  time  lasting  about 
0.1  sec.  The  idea  is  a  convenient  one,  although  we  ha\"e  no  explana- 
tion of  what  Ls  the  immediate  cause  of  this  temporan*  loss  of  irrita- 
bility. Reasoning  from  analog}-  with  the  muscle,  we  might  suppoj* 
that  in  this  case  also  it  is  due  to  some  product  of  the  chemical  reaction 
that  is  assumed  to  underJie  ner\'ous  acti>'ity.  I'sing  this  terminol- 
ogy', it  is  probable  that  the  cells  in  different  parts  of  the  nervous 
system  may  have  different  refractory  periods.  In  the  case  of  the 
normal  nerve  fiber  (see  p.  112)  it  will  be  recalled  that  the  refractory 
period  is  very  brief, — say,  0.006  sec.. — but  varies  with  the  condi- 
tion of  the  fiber,  since  in  the  narcotized  fiber  it  may  be  as  much 
as  0.1  sec. 


CHAPTER  Vn. 

REFLEX  ACTIONS. 

Pefinition  and  Historical. — By  a  reflex  action  we  mean  the 

jnvoliuitarj'  production  of  activity  in  sonif  j>oripheral  tiasue  through 

ihc  efferent   nerve  fibers  connected  with  it   in  consequrnee  of  a 

siixnuktion  of  afferent  nerve  filxjrs.    The  con\ersion  of  the  sensory 

or  afferent  impulse  into  a  mot<>r  or  eiTtTerit  iijifnjlse  i-s  effected  in 

the  uen'c  ccnten;,  and  may  he  totally  iinconi^ckms  as  well  as  iiivol- 

tmt&n'r — for  instance,   the  emptying   of    tht*  gidl-fjladder  tiuring 

digestion,  or  it  may  be  aceonipanit^d  by  consfiousnesis  of  the  act, 

9^  for  example,  in  the  winking  reflex  when  the  eye  is  touched. 

Ibt  application  of  the  term  reflex  to  such  acts  seems  to  have  been 

Oide  lirsjt  by  Descartes*  (1G40),  on  the  analogy  of  the  reflection 

of  light,  the  sensor}'  effect  in  these  cases  being  refloctetl  back,  so 

to  speak,  as  a  motor  effect.    The  attention  of  the  early  physiologists 

WMdin?ct<Hl  to  the.*^  invohmtary  movements  and  many  instances 

w^^rr  collectcfl,  both  in  man  ami  the  lower  aniruaLs.    Their  invol- 

untan'  character  wa«  emphasized   by   the   di.<t:over>'  that  similar 

n»ovcnicnt«  are  given  by  decapitated  animals, — frogs,  eels,  etc. 

Some  of  the  earlier  physiologists  thoiight  tliat  the  reflex  might 
occur  in  the  anastomoses  of  the  nerve  tamks,  but  a  convincing 
proof  that  the  central  nen'ous  system  is  the  place  of  reflect itm 
**«  given  by  VVhytt  (1751).  He  shrjwe<l  that  in  a  decapitated  frog 
tl»e  reflex  movements  are  abolished  if  the  spinal  cord  is  destroyed. 
Modem  interest  in  the  subject  was  excited  by  the  numerous  works 
*rf  Marshall  Hall  (18^i2-57),  who  contributetl  a  number  of  new 
fcots  with  regard  to  such  acts,  and  fnnTiulated  a  view,  not  now 
•eteptcd,  tliat  these  reflexes  arc  mediated  by  a  special  set  of  fibers — 
ll»p  excitomotor  fibers. 

In  describing  reflexes  the  older  physiologists  had  in  mind  only 
nAx  movements,  but  at  the  present  time  w^e  recognize  that  the 
nSex act  may  affect  not  only  the  muscles, — voluntary,  involuntAr\-, 
tod  cardiac. — but  also  the  glands.  We  have  to  deal  with  reflex 
wcreiions  as  well  as  reflex  movements. 

The  Reflex  Arc. — It  Ls  implied  in  the  definition  of  a  reflex 
Ihat  bcKh  s«^nsor>'  and  motor  paths  are  concerned  in  the  act.     Ac- 

•See  Eckhord.  "Cieschichte  der  EntwHckeIun(r  der  Lehre  von  den  Reflex- 
rj/'  "Beitrijge  sur  Anatomie  u.  Pliysiologie,"  Giessen,  1881,  voL 
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to  the  aeuroa  theory,  therefore,  the  simplest  reflex  arc 
<jf  two  aeunjos:  the  senson*  neuron,  whose  cell  body 
III  the  posterior  root  or  crania]  ner\e  gangUa,  and  a 
who^  ner>'e  cell  lies  in  the  anterior  horn  of  gray 
r«f  the  coni  or  in  the  motor  nucleus  of  a  cranial  nerve.  The 
afft  for  the  spinal  cord  is  represented  in  Fig.  61.  The  arc 
howt^MTy  be  more  complex.  The  sensor>'  fibers  entering 
^  tte  p08teri<:ir  roots  may  pass  upward  through  the  entire 
.  of  the  wrd  to  end  in  the  medulla  and  on  the  way  give  off 
ntwr  of  coUaterak  as  represented  in  Fig.  62,  or  they 
lak*  c<uin*^tions  with  intermediate  cells  which,  in  turn,  are 
ted  or  more  motor  neurons  (Fig.  63).    According 


lUi  %l.*-MlikMM  W  tkiom  ll»  eonaection  between  th«  tirumn  nf  the  posterior  root  and  th« 
Mttrca  ol  Uh  ulterior  root,-  " 


I, — the  reflex  arc 


Iti  t '  'uMiuita.  one  sensorv^  filier  may  establish  reflex  connections 

y^\\\  •■  Hilirr  of  ditTt^rcnt  motor  fil>ers.  or.  a  fact  which  must  be 
UiHti*  iu  t»tiul  in  «ludyiu>c  son»e  of  the  well-known  reflex  activities 
(if  Hu»  vH»rtl  and  mcnlulla  os}>ccial!y.  a  .censor}-  fiber  canning  an 
l,ft)it(U.  \\\\W)\  ovrnlualU  n^nches  the  cortex  of  the  cerebrum  and 
•  ti  roiiHciousi  wn.sHtion  may.  by  means  of  its  collaterals, 
,-t  ;.ali  motor  nuclei  in  the  cord  or  medulla  and  thus  at  the 
iUV  llivv  origin  to  involuntary  and  even  unconscious  re- 

'     *■ t.dlon  of  the  ekin,  for  example,  may  give 

'!»  of  pnin  and  at  the  same  time  reflexly 

wi'inriutiitr  renter  and  cause  a  constriction    of  the 

Hut  frtct  tluit  in  this  case  two  distinct  events  occur 

(Utr  the  awumption  that  the  impulses  from  the 
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Fakin  are  carried  to  the  cord  by  two  different  varieties  of  fibers. 
It  may  well  be  that  one  variety  of  sensonr'  neuron,  the  so-called 
pain  fibers,  effects  both  results,  because  of  the  opportunities  in 
the  cord  for  connections  with  different  groups  of  nerve  cells. 

The  Reflex  Frog. — The  motor  reflexes  from  the  spinal  cord 
can  be  studied  most  successfully  upon  a  frog  in  which  the  brain 
has  been  destroyed  or  whose  head  has  been  cut  off.  After  such 
an  operation  the  animal  may  for  a  time  suffer  from  shock,  hut 
a  vigorous  animal  will  usually  recover  and  after  some  hours  will 


Fig,  B2. — KfiUiker's  scKema  to  show 

the  direct  reflex  arc.     It   showa   the  po«- 

k^tchor     root     fiber    (blark)   enlerinc   the 

■  •Dni,  dividing  in  Y.  luid  connecline  with 

^  motor   oelU    (rod)   by   meiuui  of  coUater- 


Fig-  63- — K6tUker'a  schema  to 
show  the  reflex  arc  with  intercal* 
Ated  tract  cells.  PoHterior  root  fiber, 
black:  intcrcidated  tract  cell,  blue: 
motor  celU.  red. 


exhibit  reflex  movements  that  are  most  interesting.  The  funda- 
mental characteristics  of  reflex  movements  in  their  relations  to  the 
place,  intensity,  and  quality  of  the  stimulus  can  be  studied  with 
more  ease  upon  an  animal  whose  cord  is  thus  severer)  frf»m  the 
brain  than  upon  a  normal  animal.  In  the  latter  case  the  connec- 
tions in  the  ncr\^ous  system  are  mure  complex  and  the  reactions 
are  therefore  less  simple  and  less  easily  kept  constant. 

Spinal  Reflex  Movements. — The  reflex  movements  obtained 
from  the  spinal  cord  or  from  parts  of  the  central  ner\'ou8  system 
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may  be  divided  into  three  groups  by  characteristics  that  are  physio- 
logically sijrnificant.  These  classes  are:  (1)  Simple  reflexes,  or 
those  in  vshirh  a  single  uutseJe  is  affectecK  The  best  example  of 
this  g:roiip  is  jH'rhaps  the  winking  reflex,  in  whifh  only  the  orbi(>- 
ularis  j}alix>l>raruni  is  concerned.  (2)  Co-ordinated  reflexes,  in 
which  a  number  of  muscles  react  with  their  contractions  so  grad- 
iialeti  as  to  time  and  extent  as  to  produce  an  orderly  and  useful 
movement,  (l^)  Convulsive  reflexes,  sut-h  as  are  seen  in  spasms. 
in  which  a  number  of  muscles — perhaps  all  the  muscles — are  con- 
tracted convulsively,  withoiit  co-f)r(linatiim  and  with  the  pro- 
duction of  disorderly  and  useless  movements.  Of  these  groups, 
the  co-ordinat<  il  reflexes  are  by  far  the  most  interesting.  They 
can  be  obtained  to  perfection  from  the  reiiex  frog.  In  such  an 
animal  no  spontaneous  movements  occur  if  the  sensorj-  surfaces  are 
entirely  protected  from  stimulation.  A  sudden  stinudus,  however, 
of  sufHcicnt  strcnjrth  apf>licd  to  any  part  of  the  akin  will  give  a 
defiiute  and  practically  invariable  response  in  a  movement  which 
has  the  afjpearance  of  an  intentional  effort  to  escape  from  or  remove 
the  stimulus.  If  the  toe  is  pinched  the  foot  is  withdrawn — in  a 
gentle  manner  if  the  stimulus  is  li^ht,  more  rapi<lly  and  violently, 
but  still  in  a  purposeful  and  co-finlinatcd  fashicm,  if  the  stimidus 
is  strong.  If  the  animal  is  suspended  and  various  spots  on  its 
skin  are  stimulated  by  the  application  of  bits  of  paper  moistened 
with  dilute  acetic  acid  the  animal  will  make  a  neat  and  skillful 
rnctvrrncnt  of  the  corresiMindirig  leg  to  remove  the  stimulating  body. 
Tilt*  reactions  may  be  varied  in  a  numlx^r  of  ways,  and  in  all  cases 
the  striking  features  of  the  reflex  response  are,  first,  the  purposefid 
character  of  the  movement,  and,  second,  the  almost  mechanical 
exactness  with  which  a  dcfuiite  stimulus  will  give  a  definite  re- 
sponse. This  definite  relationship  holds  only  for  the  external 
integument,  the  skin  and  its  organs.  It  is  obvious,  in  fact,  that 
a  muscular  response  can  be  efTective  only  for  stimuli  originating 
from  the  cxtenml  surface.  Stinudi  from  the  interior  of  the  IkkIv 
exert  their  reactions,  for  the  most  part,  upon  the  plain  musculature 
and  the  glands.  The  con\ailsive  reflexes  may  be  produced  by 
two  difTerent  means:  (1)  By  ver>-  intense  seasory  stimulation. 
The  reflex  Response  in  this  case  overflows,  as  it  were,  into  all  the 
motor  j>aths.  A  variation  of  this  method  is  seen  in  the  well- 
known  con\adsivc  reaction  that  follows  tickling.  In  this  case  the 
stimulus,  although  not  intense  from  an  objective  standpoint,  is 
obviously  violent  from  the  standpoint  of  its  effectiveness  in  sending 
into  the  central  nervous  system  a  series  of  maximal  sensor>'  im- 
pulses. (2)  Hy  heightening  the  irritability  of  the  central  nervous 
system.  I'pon  the  reflex  frog  this  effect  is  obtained  moat  readily 
by  the  use  of  strychnin,     A  little  strychnin  injected  under  the 
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absorbed  and  its  effect  is  showTi  at  first  by  a  greater 
sensitiveness  to    cutaneous   stimulation,    the    slightest    touch    to 
the  foot  causing  its  withdrawal.     Soon,  however,   the  response, 
iini«8<l  of  being  orderly  and  purposeful,  beronies  C'onvulsi\'e.     A 
mciT  touch  of  the  skin  or  a  current  of  air  will  throw  evert*  muscle 
into  contraction,  and  the  extensors  being  stronger  than  the  flexors 
tho  animal's  body  becomes  rigid  in  extension  at  even^  stimulation. 
Tlii-i^xpliuiation  usually  given  for  this  result  is  that  the  str>Thnin^ 
artiiie  ii|>on  some  part  of  the  ner\'e  cells,  increases  jjreMtly  their 
initflbility,  so  that  when  a  stimulus  is  t^ont  into  tlie  central  nervous 
nTtem  along  any  s<^nsor>'  path  from  the  skin  it  apparently  radiates 
throii(5hout  the  cord  and  acts  upon  all  the  motor  cells.     This  latter 
Rjppofilion  leads  to  the  interesting  conclusion  that  all  the  various 
motor  neurons  of  the  cord  must  be  in  physiological  connection,  either 
direct  or  indirect,  with  all  the  neurons  supplying  the  cutaneous  sur- 
face,   llie  further  fact  that  under  normal  conditions  theefTect  of  a 
pvfasensori-  stimulus  is  manifested  only  on  a  limited  anci  practically 
fflfistant  number  of  the  motor  neurons  seems  to  imply,  therefore, 
tint  normally  the  paths  to  these  neurons  are  more  direct  and  the 
Rntance.  if  we  may  use  a  somewhat  figurative  term,  is  less  than 
bt  other  possible  paths.     Muscular  spasms  are  observed  under  a 
number  of  pathological  conditions. — for  instance,  in  hydrojihobia. 
Wp  are  at  liberty  to  assume  in  sufh  cases  that  the  toxins  produced 
by  the  disease  affect  the  irritability  of  the  cells  in  much  the  same 
way  as  the  str>'chnin. 

Theory  of  Co-ordinated  Reflexes. — Tlie  purposeful  character 
of  the  co-ordinated  reflexes  in  th<^  frog  gives  the  impression  to  the 
oJwcncr  of  a  conscious  choice  of  movements  on  the  part  of  the 
bnunless  animal.  Most  physiologists,  however,  are  crintent  to  see 
5n  these  reactions  only  an  expression  of  the  automatic  activity 
of  a  mechanism.  It  is  assumed  that  the  sensJiry  impiiWs  from 
Any  part  of  the  skin  find,  on  reaching  the  cord,  that  the  jiaths  to 
»  certain  group  of  motor  neurons  are  more  direct  and  offer  less 
nsirtance  than  any  others.  It  is  along  these  paths  that  the  reflex 
^ill  take  place,  and  we  may  further  assume  that  these  paths  of 
lawt  resistance,  as  they  have  been  called,  are  in  part  preformed 
tnd  in  part  are  laid  do\\'n  by  the  repeated  experiences  of  the  indi- 
riiiual.  That  is,  in  each  animal  a  definite  structure  may  be  sup- 
pCMtd  to  exist  in  the  conl;  each  sensory  neuron  is  connected  with 
•tpoup  of  motor  neurons,  to  some  of  them  more  directly  than  to 
Others,  and  we  may  imagine,  therefore,  a  system  of  reflex  apparatuses 
or  mechanisms  which  w  hen  prof)erly  stimulated  will  react  always 
in  the  same  way.  And,  indeed,  in  spite;  of  the  purposeful  character 
[  the  reflexes  under  consideration  their  automaton-like  regidarity 
IAD  indication  that  their  production  is  due  to  a  fixed  mechanical 
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arrangement.  Whether  or  not  the  reactions  of  the  nen^ous  system 
in  such  cases  are  accompanied  by  any  degree  of  consciousness  can 
not  be  proved  or  cHsprovcd,  but  the  assumption  of  such  an  accom- 
paniment does  not  seem  necesaan'  to  explain  the  reaction. 

Spinal  Reflexes  in  the  Mammals. — Experiments  ujx^n  the  lower 
mammals,  such  as  the  dog,  show  that  co-ordinated  reflex  move- 
ments may  be  obtained  from  the  lower  portion  of  the  cord  after 
severance  of  its  connections  with  the  brain.  The  spinal  cord 
may  be  severed,  for  instance,  in  the  thoracic  region  and  the  animal 
be  kept  alive  and  in  good  condition  for  an  indefinite  j^eriod.  In 
sueh  an  animal  reflex  movements  of  the  hind  legs  or  tail  may  be 
obtained  readily  from  flight  seiLsin-  stiniiilation  of  the  skin.  The 
knee-jerk  and  similar  so-called  deep  reflexes  are  also  retained.  But 
it  is  evident  that  theste  movements  are  not  t^)  complete  nor  so 
distinctly  pur])oseful  as  in  the  frog.  The  muscles  of  the  body 
supplied  by  the  isolated  part  of  the  cord  retain,  however,  a  normal 
irritability  and  exhibit  no  wasting.  In  man,  on  the  contrary, 
it  is  stated  that  after  complete  section  of  the  cord  the  deep  reflexes, 
such  as  the  knee-jerk,  as  well  as  the  skin  reflexes,  are  very  quickly 
lost.  The  muscles  undergo  wasting  and  soon  lose  their  irritability.* 
The  monkeys  exhibit  in  this  respect  a  condition  that  is  somewhat 
intermediate  betwr^i'ti  that  of  the  flog  ami  ninn.  It  seems  evident 
from  these  facts  that  in  the  lower  aniiniils  like  the  frog  a  mueh 
greater  degree  of  intle^)endent  activity  is  exhibitctl  by  the  cord 
than  in  the  more  highly  develoj>ed  animals.  According  to  the  degree 
of  development,  the  control  of  the  muscles  is  assumed  more  and 
more  by  the  higher  jmrtions  of  the  ner\'ous  system,  and  the  spinal 
cord  becomes  less  imi>ortaut  as  a  series  of  reflex  centers,  its  func- 
tions being  more  dependent  upon  it-s  connections  with  the  higher 
centers. 

Dependence  of  Co-ordinated  Reflexes  upon  the  Excitation 
of  the  Normal  Sensory  Endings* — It  is  an  interesting  fact  that 
when  a  UGr\'e  trunk  is  stimulated  directly  in  a  reflex  frog — the- 
sciatic  ner\'e,  for  instance — the  reflex  movements  are  disorderly 
ancl  quite  unlike  those  obtained  by  stimulatiriK  the  skin.  It  Lssaid 
that  if  the  skin  be  loosened  and  the  nen'e  twigs  arising  from  it  ar© 
stimulated,  an  oj^eration  that  is  quite  possible  in  the  frog,  the  re- 
spoase  is  again  a  disorderly  reflex,  whereas  the  same  fibers  stimu- 
lated through  the  skin  give  an  orderly,  co-f*nlinated  movement. 
The  difference  in  response  in  these  cases  is  prolmbly  not  due  to  any 
peculmrity  in  the  nature  of  the  sensory  impulses  originating  in  the 
nerve  endings  of  the  skin,  but  more  likely  to  a  difference  in  their 
strength  and  arrangement.  Wlien  one  .stimulates  a  sensory  nerve 
trunk  directly, — the  ulnar  nerve  at  the  elbow  in  ourselves,  for  in-^ 
♦  See  CoUier,  "  Brain/'  1<KM.  p.  38. 
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fUDce,— the  resulting  fiensatioas  are  markedly  different  from  those 
■►l)ijiirMHi  by  stunulatiog  the  skin  area^  supplied  by  the  same  nen^e; 
»p  have  little  or  no  sensations  of  touch  or  temperature,  only  pain 
ami  &  jjeculiar  tingling  in  the  fingers.  In  such  an  t'Xfxrinieul  the 
5tmiuluf*  applied  to  the  trunk  affects  more  or  less  equally  all  the 
conUined  fibers,  whereas  in  stimulation  of  the  skin  itijclf  the  effect 
upon  the  cutaneous  fibers  of  pressure,  temperature,  or  pain  pre- 
dominfttefl  and  presumably  it  is  these  fibers  that  nommlly  are  con- 
ittted  in  an  efficient  way  with  the  reflex  machinery  in  the  nerve 
oFiitcrs. 

Reflex  Time. — Since  in  a  reflex  movement  the  nerve  centers 
wr  involved  a  determination  of  the  total  time  betweeji  the  appli- 
atioD  of  the  stimulus  and  the  l>eginning  of  the  response  gives  a 
meias  of  ascertaming  the  time  element  concerned  in  (he  central 
pnxcasnH.     Helmholtz,  who  first  nmdv  exix.*rinients  of  this  kind, 
itat«d  that  the  time  required  within  the  ner\'e  centers  might  be  as 
BUicliaa  twelve  times  as  great  as  that  estimated  for  the  conduction 
iiODg  the  motor  and  semvjry  nerxes  involved  in  the  reflex.     Most 
ofaBrren^  state  that  the  time  within  the  center  varies   with    the 
itnmgth  of  the  stimulus,  being  less  the  stronger  the  stimulus.     It 
also  with  the  condition  of  the  ner\'e  centers,  being  diminished 
fatigue  and  other  conditions  that  depress  the  irritability  of  the 
tKTve  celK     By  reflex  time  or  reduced  reflex  time  we  may  designate 
tbe  time  refjuire<l  for  the  processes  in  the  center, — that  is,  the  total 
time  Ifififi  tliat  re<|uired  for  tran:^mission  of  the  impulse  along  the 
motor  and  ftew^yry  fibers  and  the  latent  period  of  the  muscle  con- 
traction.    I'nr   the    frog    thus    Ls    estimated   as    var>'ing    l>etween 
0.008  and  0.015  sec.      In  man  the  reflex  time  usually  quoted  is  tlmt 
p\Tti  by  Exner  for  the  winking  of  the  eye.     He  stimulated  one  hd 
electrically  ami  recorded  the  reflex  movement  of  the  IJd  of  the  other 
e>'e.    The  total  time  for  the  reflex  waw,  on  an  average,  from  0.0578 
wc.  to  OjM'>G2  sec.     He  e^tiJnated  that  the  time  for  transmission  of 
the  impuh*e  along  the  sensoiy  and  motor  paths,  together  with  the 
litent  |)eriod  of  the  muscle,  amounted  to  0.0107  sec.     So  that  the 
tnie  reflex  time  from  his  detenninationa  varied  between  0.0471  and 
0X1555  :«*.     Mayhew,*  using  a  more  elaborate  method,  obtained 
for  the  total  time  a  mean  figure  et|ual  to  0.0420  sec.     If  Exner's 
eorrection  is  applied  then  the  true  reflex  time  according  to  this  de- 
tsmiination  is  e<jual  to  0.0313  sec. 

Inhibition  of  Reflexes. — One  of  the  most  fundamental  facts 
spinal  reflexes  is  the  demonstration  that  they  can  be 
or  suppressed  entirely — that  is,  inhibited — by  other  im- 
pulses reaching  the  same  part  of  the  spinal  cord.     The  most  sig- 
*  Mayliew,  "  Jouniul  of  Exp.  Medicine,"  2,  35,  1897. 
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nificant  experiment  in  this  connection  is  that  made  by  Setschenow.* 
If  in  a  frog  the  entire  brain  or  the  cerebral  liemisplieres  are  re- 
moved, then  stimulation  of  the  exposed  cut  surface — for  instance, 
by  crystals  of  sodium  chlorid — will  depress  greatly  or  perhaps 
inhibit  entirely  the  usual  spinal  reflexes  that  may  be  obtained  by 
cutaneous  stimulation.  On  removal  of  the  stimulating  substance 
from  the  cut  surface  by  washing  with  a  stream  of  physiological 
saline  (solution  of  sodiiun  chlorid,  0.7  p^r  cent.)  the  reflex  activititia 
of  the  cord  are  again  exhibited  in  a  normal  way.  This  exfjcriment 
accords  with  many  facts  which  indicate  that  the  brain  may  inliibit 
the  activities  of  the  spinal  centers.  In  the  reflex  from  tickling, 
for  instance,  we  know  that  by  a  vohmtar>'  act  we  can  repress  the 
muscidar  movements  up  to  a  certain  jwint;  so  also  the  limited 
control  of  the  action  of  the  respiratory  and  micturition  centers 
is  a  phenomenon  of  the  same  character.  To  explain  such  acts  we 
may  assume  the  existence  of  a  definite  set  of  inhibitory  fibers, 
arising  in  parts  of  the  brain  and  riistributed  to  the  spinal  cord, 
whose  function  is  that  of  contmiling  the  activities  of  the  spinal 
centers.  In  view  of  tlie  fact,  however,  that  there  is  no  inde]x?udt'nt 
proof  of  the  existence  of  a  separate  set  of  inhibitory  fibers  \nthin 
the  central  nervous  system — that  is,  a  set  of  fibers  whose  specific 
energ}'  is  that  of  inhibition — it  is  preferable  to  speak  sin^ply  of 
the  inhibitory  influence  of  the  brain  upon  the  cord,  leaving  unde- 
cided the  question  as  to  whetlier  this  influen<*c  is  exerteil  through 
a  special  set  of  fibers,  or  is  brought  about  by  some  variation  in 
the  time  ndations,  intensity,  or  quality  qf  the  nerve  impulses. 
Regarding  the  fact,  however,  there  can  be  no  question,  ami  it 
constitutes  a  most  important  fact<ir  in  the  interaction  of  the  dif- 
ferent parts  of  the  nervous  system.  It  is  possible  that  this  factor 
may  explain  why  a  normal  frog  gives  reflexes  that  are  so  much 
less  constant  and  less  predictable  than  one  with  its  brain  removed. 
A  similar  inhibition  of  spinal  rcMexcs  may  be  obtaineil  by  simul- 
taneous stimulation  of  Uvo  different  parts  of  the  skin.  The  usual 
reflex  from  pinching  the  toe  of  one  leg  may  be  inhibiterl  in  part 
or  completely  by  simultaneous  stimulation  of  the  other  leg  or 
direct  electrical  stimulation  of  an  exposed  nerve  tnmk.  A  similar 
interference  is  illustrated  jHThaps  in  the  well-known  device  of 
inhibiting  an  act  of  sneezing  by  a  strong  sensor\'  stimulation  from 
some  part  f>f  the  skin, — for  instance,  by  pressing  upon  the  upper 
lip.  Inhibition  of  spinal  reflexes  by  such  means  is  not  so  constant 
nor  so  effective  as  by  stimulation  of  the  central  paths,  but  it  forma 
an  interesting  phenomenon  which  must  be  taken  into  account  in 
any  hypothesis  of  the  nature  of  inhibition  that  may  be  proposed. 

♦Setschenow,  ^' Phvsiolofri''che  Studien  ijlier  d.  Hemmuuga-Meclianiamen 
f.  d.  Reflexthtitigkeit  im  Ciehiru  d.  Frosches,"  Uerlin,  1863. 
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A  brief  statement  of  the  more  or  less  unsatisfactory  theories  of 
inhibition  is  given  in  connection  with  the  inhibitory  action  of  the 
vagus  ner\'e  on  the  heart  beat  (see  p.  512).  It  should  be  added, 
however,  in  this  connection  that  stimulation  of  the  cord,  and 
probably  of  other  partfi  of  the  nen^ous  system,  frrmi  two  different 
sources  may  result  not  only  in  an  inhibiticni  of  the  reflex  normally 
occurring  from  one  of  the  stimuli,  but  under  some  circumstances 
may  give  an  augmentation  or  reinforcement  of  the  reflex.  The 
most  striking  examfjJe  of  this  augmenting  effect  is  given  below  in 
the  paragraph  ui>on  the  knee-kick. 

Influence  of  the  Condition  of  the  Cord  on  its  Reflex  Ac- 
tivities.— The  time  and  extent  of  the  reflex  responses  may  be 
altered  greatly  by  various  influences,  partictdarly  by  the  action 
of  drugs.  The  effect  in  such  cases  is  usualty  xiptm  the  nerve  centers, 
— that  is,  upon  the  cell^  themsi'lvos  or  uiMin  the  connections  between 
the  terminal  arlx)rization  and  tlie  denflrites— the  process  of  conduc- 
tion within  the  sensory  and  moti)r  filjers  being  less  easily  affected. 
A  convenient  method  of  studying  .such  influences  is  that  employed 
by  Tiirck.  In  this  method  the  reflex  frog  is  suspended,  and  the 
tip  of  the  longest  toe  is  immersetl  to  a  definite  i>c/int  in  a  solution 
of  sulphuric  acid  of  a  strength  of  0.1  to  0.2  per  cent.  If  the  time 
between  the  immersion  and  the  reflex  withdrawal  of  the  foot  is 
noted  by  a  metronome,  or  by  a  record  upon  a  kymograph,  it  will 
be  found  to  be  quite  constant,  provided  the  conditions  are  kept 
uniform.  If  the  average  time  for  this  reflex  is  obtained  from  a 
ies  of  observations  it  is  possible  to  inject  various  substances — 
:h  as  strj'chnin,  chloroform,  potassium  bromid,  quinin,  etc. — 
tinder  the  skin,  and  after  absorption  has  taken  place  to  determine 
the  effect  by  a  new  series  of  olxscrvations.  So  far  ae  dnigs  are 
concemetl  the  results  of  such  experiments  belong  rather  to  pharma- 
cology than  to  physiology.  The  method  in  some  cases  brings  out  an 
interesting  difference  in  the  effects  of  various  kiniis  f»f  stimulation. 
Str>'ehnin,  for  instance,  as  was  stated  aljovc,  increases  greatly  the 
delicacy  of  the  reaction  to  pressure  stimulation.  At  one  stage  in 
its  action  before  the  convulsive  rcNsponses  are  obtained  the  threshold 
stimuhis  is  greatly  lowered, — mere  contact  with  the  toes  causes  a 
rapiri  retraction  of  the  leg;  whereas  in  tlie  normal  reflex  frog  a 
relatively  large  pressure  is  necessan'  to  obtain  a  similar  response. 
At  this  stage  in  the  action  of  the  strychnin  the  effect  of  the  acid 
itimulus,  on  the  contrary,  may  be  markedly  weakened  so  far  as 
the  time  element  is  concerned.  If  the  action  of  the  strychnin  is 
not  too  rapid,  it  is  usually  possible  to  find  a  jx)int  at  which  the 
lime  for  the  reflex  is  diminished,  but  this  effect  quickly  disappears 
and  the  period  between  stimulus  and  response  becomes  markedly 
lengthened  at  a  time  when  the  slightest  mechanical  stimulation  gives 
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nificant  experiment  in  this  connection  is  that  made  by  Setschenow.* 
If  in  a  frog  the  entire  brain  or  the  cerebral  hemispheres  are  re- 
moved, then  stimulation  of  the  exposed  cut  surface — for  instance, 
by  crystals  of  sodium  chlorid — will  depress  greatly  or  perhaps 
inhibit  entirely  the  usual  spinal  reflexes  that  may  be  obtainetl  by 
cutaneous  stimulation.  On  removal  of  the  stimulating  substance 
frt>m  the  cut  surface  by  washing  with  a  stream  of  physiological 
saline  (solution  of  sodium  chlorid,  0.7  j>er  cent.)  the  reflex  activities 
of  the  cord  are  again  exhibited  in  a  normal  way.  This  experiment 
accords  with  many  facts  which  iuflicate  that  the  brain  may  inhibit 
the  activities  of  the  spinal  centers.  In  the  reflex  from  tickling, 
for  instance,  we  know  that  by  a  voluntary  act  we  can  repress  the 
muscular  movements  up  to  a  certain  point;  so  also  the  limited 
control  of  the  action  of  the  respiratory  and  micturition  centers 
is  a  phenomenon  of  the  same  character.  To  explain  such  acts  we 
may  assume  the  existence  of  a  definite  set  of  tnhibitor>'  fibers, 
arising  in  parts  of  the  bniin  and  distributed  to  the  spinal  cord, 
whose  function  is  that  of  controlling  the  activities  of  the  spinal 
centers.  In  view  of  tiie  fact*  however,  that  there  is  no  independent 
proof  of  the  existence  of  a  separate  set  of  inhibitor)-  filx*rs  within 
tlie  central  nervous  system — that  is,  a  set  of  fibers  whose  specific 
energy  is  that  of  inliibition — it  is  preferable  to  speak  simply  of 
the  inhibitory  influence  of  the  brain  upon  the  coal,  leaving  unde- 
cided the  questioii  as  to  whether  this  influence  is  exerted  through 
a  special  set  of  fibers,  or  is  brought  about  by  some  variation  in 
the  time  relations,  intensity,  or  quality  q(  the  nerve  impulses. 
Regarding  the  fart,  however,  there  can  be  no  question,  and  it 
constitutes  a  most  important  factor  in  the  interaction  of  the  dif- 
ferent pai'ts  of  the  nervous  system.  It  is  possible  that  this  factor 
may  explain  why  a  normal  frog  gives  reflexes  that  are  so  much 
less  constant  and  less  predictable  than  one  with  its  brain  removal. 
A  similar  inhibition  of  spinal  reflex{»s  may  be  obtained  by  simul- 
taneous stimulation  of  two  different  parts  of  the  skin.  The  us\ial 
reflex  from  pinching  the  toe  of  one  leg  may  be  inhibited  in  part 
or  completely  by  simultaneous  stimulation  of  the  other  leg  or 
direct  electrical  stimulation  of  an  exposed  nerve  trunk.  A  similar 
interference  is  iliustrated  j)erhaj>8  in  the  well-knowTi  device  of 
inhibiting  an  act  of  sneezing  by  a  strong  sensor}'  stimulation  from 
some  part  of  the  skin, — for  instance,  b\'  pressing  upon  the  upper 
lip.  Inhibition  of  spinal  reflexes  by  such  means  is  not  so  constant 
nor  so  effective  as  by  stimulation  of  the  central  paths,  but  it  forms 
an  int-eresting  phenomenon  which  must  be  taken  into  account  in 
any  hypothesis  of  the  nature  of  inhibition  that  may  be  projwsed. 

♦Setschenow.  "  Phv.sioloKi?*clie  Btudien  uber  d.  Henuiiunga-Mechanismen 
f.  d.  Reflextlititigkeit  iiii  Uehiru  d.  Frosches,"  Bcriiu,  1S03. 
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A  brief  statement  of  the  more  or  less  unsatisfacton,'  theories  of 
inhibition  is  given  in  eonnet-tion  with  the  inhibiton'  action  of  the 
^ipwnp-n-e  on  the  heart  beat  (see  p.  512).  It  should  be  added, 
homer,  in  this  connection  that  stimulation  of  the  cord,  and 
probably  of  other  parts  of  the  ner^-ous  s\'Ktem.  from  two  different 
aouftee  may  result  not  only  in  an  inhibitu»n  of  tin*  reflex  nornially 
octurring  from  one  of  the  stimiili.  but  under  some  eirctimstanrea 
my  givi-  an  augmentation  or  reinforeement  of  the  reflex.  The 
niort  striking  example  of  this  augmenting  effect  is  given  below  in 
ihcfjam^raph  ufK)n  the  knee-kick. 

Influence  of  the  Condition  of  the  Cord  on  its  Reflex  Ac- 
tirities. — The  time  and  extent  of  the  reflex  responses  may  be 
Altered  greatly  by  various  influences,  particularly  by  the  action 
of  drugs.     The  effect  in  such  cases  is  usually  upon  the  nerve  centers, 
—thai  is.  upon  the  cells  themselves  or  upon  the  connections  between 
thetermituil  arlx^rization  and  the  dendrites — the  process  of  conduc- 
tion within  the  sensory  and  nn^ftor  fifxTs  being  less  easily  affected. 
A  convenient  method  of  6tu<lying  such  influences  is  that  employed 
bj'  Tiiirk.     In  this  metho<l  the  reflex  fn»g  is  suspeiuled,  and  the 
$poi  the  longest  toe  is  immersed  to  a  ddirute  jxjint  in  a  stihition 
HfRilphuric  acid  of  a  strength  of  0,1  to  0,2  per  cent.     If  the  time 
bfktteen  the  immersion  and  the  reflex  withdrawal  of  the  Utot  is 
oot*il  by  a  metronome,  or  by  a  record  upon  a  kymograph,  it  will 
be  found  to  \ye  quite  constant,  providotl  the  conditions  are  kept 
orm.     If  the  average  time  for  this  reflex  is  obtained  from  a 
of  obsen'ations  it  is  possible  to  inject  various  substances — 
ludi  as  strychnin,  chloroform,  potassium  bn)mid,  quinin,  etc. — 
onder  the  skin,  and  after  absorption  has  taken  place  to  determine 
the  effect  by  a  new  series  of  observations.     iSo  far  as  drugs  are 
eoncemt^i  the  results  of  such  experiments  belong  rather  to  pharma- 
cology than  to  physiology.    The  method  in  some  cases  brings  out  an 
intmsting  difference  in  the  effects  of  various  kinds  of  stimulation. 
Stiychnin,  for  instance,  as  was  stated  above,  increases  greatly  the 
(kliracy  of  the  reaction  to  pressure  stimulation.     At  one  stage  in 
itj  action  before  the  convulsive  responses  are  obtainetl  the  threshold 
stimulus  is  greatly  lowered, — mere  contact  with  the  toes  causes  a 
ripid  retraction  of  the  leg;  whereas  in  the  normal  reflex  frog  a 
relatively  large  pressure  is  necessary  to  obtain  a  similar  response. 
At  this  stage  in  the  action  of  the  strychnin  the  effect  of  the  acid 
stimuhis,  on  the  contrar>',  may  be  markedly  weakened  so  far  as 
ilhe  time  element  is  concerned.     If  the  action  of  the  strjehnin  is 
too  rapid,  it  is  usually  possible  to  find  a  point  at  which  the 
time  for  the  reflex  is  diminished,  but  this  effect  quickly  disapjn^ars 
and  the  period   between  stimulus  and  response  becomes  markedly 
iflngthencii  at  a  time  when  the  slightest  mechanical  stimulation  gives 
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a  rapid  reflex  movement.  This  paradoxical  result  may  depend  pos- 
sibly upon  the  variety  of  nerve  fiber  stimulated  by  the  two  kinds 
of  stimuli  or  may  be  connected  with  the  fact  that  the  acid 
stimuli  may  bring  about  inhibitory  as  well  as  excitaton-  processes 
in  the  cord. 

Reflexes  from  Other  Parts  of  the  Nervous  System. — Nu- 
merous typical  reflexes  are  known  to  occur  in  the  brain.  The 
reflex  effects  upon  the  important  centers  in  the  medulla,  such 
as  the  vasomotor  center,  the  respirator^'  center,  and  the  cardio- 
inhibitory  center,  the  winking  of  the  eye,  sneezing,  the  light  reflex 
upon  the  .sphincter  muwde  of  the  iris,  and  many  other  similar  cases 
might  be  enumerated.  All  of  these  reactions  will  be  described 
and  discussed  in  their  pn>(x?r  places.  The  conscioas  reactions  of 
the  brain  are  not  included  among  the  reflexes  by  virtue  of  the  defi- 
nition which  lays  stres.s  u|x)n  the  iiivolimtary  eliaracteristic  of  the 
reflex  response,  but  it  whould  be  remembered  that,  io  far  as  the 
nervous  ruechanisni  Is  concerned,  these  conscious  reactions  do  not 
differ  from  the  true  reflexes.  When  we  vohmtarily  move  a  limb 
the  movement  Ls  guidetl  and  controlled  by  sen^^rvrv  inipuL^es  from  the 
muscles  put  into  action.  The  fibers  of  muscle  sense  from  these 
muscles  convey  sensory  impulses  through  a  chain  of  neurons  to 
the  cortex  of  the  brain  and  there  the  impulses  doubtless  affect  and 
set  into  action  the  motor  neuron  through  which  the  movement  is 
effected.  So  far  as  we  know,  the  discharges  from  the  efferent 
neuron  of  the  brain  are  not  really  automatic,  ijut  are  conditioned 
or  originated  by  stinudi  from  other  neurons;  so  that  the  activities 
of  the  brain  are  curried  on  by  a  mechanism  of  one  neuron  acting 
on  another,  just  as  in  the  case  of  the  reflex  arc.  The  added  feature 
of  a  psycliical  factor,  a  reaction  in  cons<uousness,  enables  us  to  draw 
a  line  of  distinction  between  these  activities  and  those  of  so-called 
pure  reflexes;  but  the  distinction  is  jjerhaps  one  of  convenience 
only,  for,  although  the  extremes  may  be  far  enough  apart  to  suit 
the  definition,  many  intennediate  instances  may  be  found  which 
are  difficult  to  clas.sifv.  All  skiherl  movements,  for  instance,  such 
as  walking,  singing,  dancing,  bicycle  riding,  and  the  like, — although 
in  the  beginning  obviously  effected  by  voluntarj'  co-ordination, 
nevertheless  in  the  end.  in  proportion  to  the  skill  obtained,  become 
more  or  less  entirc^ly  reflex, — that  is,  invohmtan,'.  In  learning 
such  movements  one  nuist,  as  tlie  saying  goes,  establish  his  reflexes, 
and  the  resxdt  can  hardly  be  understood  otherwise  than  by  suppos- 
ing that  the  continual  a<ljiKstnTent  of  certain  scnsorv  impulses  to 
certain  co-ordiiuited  movements  residts  in  the  fonnation  of  a  more 
or  les.s  complex  reflex  arc,  a  set  of  paths  of  least  resistance. 

Reflexes  through  Peripheral  Ganglia — Axon  Reflexes. — 
Many   attempts  have   been   made   by   physiologists  to  ascertain 
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wbelher  or  not  reflexes  can  occur  through  the  peripheral  nerve 

guiglia,  particularly  those  Ijelonging  to  the  s^Tnjxithetic  system. 

With  record  to  the  posterior  rfM>t  ganglia,  it  may  \yo  said  llrnt  no 

reflexes  are  possible  through  them.     If  ihe  pasterior  root  connect- 

iogauch  &  ganglion  to  the  cord  i^  severed  !>tiiiuiIation  of  the  fueusovy 

ana  supplied  by  these  ganglia  caui%.s  no  reflex  res]x>nse.     Indeed, 

wftirtiing  to  our  conception  of  the  mechanism  of  a  reflex^  the  pos- 

tenor  r(x)t  ganglia  could  not  ser\'e  a«  reflex  centers:    they  contain 

appATpntly  no  efferent  neurons.    In  the  ganglia  of  the  sympathetic 

Drnr  and  its  appendages  and  in  the  sirnilur 

poglia  contained  in  many  of  the  organs  the 

wnc  cells  have  dendritic  processc*^,  and,  .st> 

Imx  hB'  their  hL<toIog\'  Ls  conceme<l,  it  would 

■em  possible  that  in  any  ganglion  of  this 

tjrpe  tbeiB  might  be  sensor>'  and  motor  neu- 

lonsfo  eonnect^d  a.s  to  make  the  ganglion 

AD  independent    reflex    center.      Numerous 

experimenti*  have  In-en  made  to  determine 

experimentally  whether  reflexes  can  be  ol>- 

Ihrough  such  ganglia.     Perliaps  the 

(■ce»»ful  of    these  exf)erinients  liave 

brvn   made    upon    the    inferior    mesenteric 

guglion. 

This  ganglion  may  be  isolated  from  all 
oonDoctinns  with  the  centnil  ner\'ous  system 
and  left  attached  to  the  bliulder  through  the 
iTTo  hyp(^astnc  nen'es  (see  schema,  Fig. 
105).  If  now  one  of  these  nerves  is  cut  and 
thec«*ntnil  8tump  Ls  stimulated  a  contraction 
of  the  hijuldcr  follows.  Ohviou.^^ly  in  this 
flue  the  impulse  has  traveled  to  the  ganglion 
>nd  down  the  other  hypogastrie  ner\'e;  the 
lection  has  ever>'  appearance  of  Ix-iug  a  true 
IX.  Xevertheless.  I-angley  and  Ander- 
son,* who  have  studied  the  matter  with  es|>e- 

cial  care,  are  convinced  that  in  this  and  similar  coses  we  have  to  do 
with  what  they  call  pseudoreflexes  or  axon  reflexes.  The  idea  imder- 
Iving  this  term  may  be  explained  in  this  way:  Ever>'  sympathetic 
ganglion  Ls  connectetl  with  the  central  nen-^ous  syKtem,  brain,  and 
cord,  by  efferent  spinal  fibers,  preganglionic  fibers,  which  terminate 
by  arl)orization  around  the  dendrites  of  the  sympathetic  cells.  The 
cfTen^nt  fibers  arising  from  the  latter  may  l)e  designated  as  post- 
inic  fibers.  These  authors  give  rea-^^ons  to  believe  that  any 
preganglionic  fiber,  a,  Fig.  t>4,  may  connect  by  collaterals  with 
*I«affl>r  w>d  Anderson,  "Journal  of  Physiology/'  16,  410,  18M. 
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Fig.  d4. — Sefaems  to 
show  icloft  of  KD  axon  re- 
flex:  Tbe  pregBiiKtiunio 
6l>er,  a,  »etid»  branches 
to  two  puotgaogliouio 
fit)«n>,  6.  c.  If  fitunulat«d 
ftt  X  tbe  impulse  |i»iww 
bBckword  in  a  Uirectioo 
the  i«ven«  of  Donnml  and 
fiilliiie  inru  b  &a<J  c  pvea 
■   paeudureUex  effect. 
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several  sympathetic  cells.  If  such  a  fii)er  were  stimulated  at  x, 
then  the  iin]juL>t;  passing  back  along  the  axon  in  a  (iirection  the 
reverse  of  nonnal  would  stinnilate  cells  b  and  f ,  giving  t'ffect6  that 
are  apparently  reflex,  but  which  differ  from  true  reflexes  in  that 
the  stimulating  axon  l>eIongs  to  a  motor  neuron.  L'nder  nomial 
circumstances  it  is  not  probable  that  an  effect  of  thL^  kind  can  be 
produced. 

The  Tonic  Activity  of  the  Spinal  Cord, — In  addition  to  the 
definite  reflex  activities  of  the  cord,  each  trareable  to  a  distinct 
sensory  stimulus,  there  is  evidenee  to  show  that  many  of  its  motor 
neurons  are  in  that  state  of  more  or  less  continuous  acti\ity  which 
we  designate  as  tonic  activity  or  tonus.  There  is  abundant  reason 
for  this  belief  in  rc^gard  to  many  of  the  special  centers  of  (he  cord 
and  brain,  such  as  the  vasomotor  center,  the  confer  for  the  sphinc- 
ter muscle  of  the  iris,  the  centers  for  the  sphincter  muscles  of  the 
bladder,  the  anus,  etc.  But  the  evidence  includes  the  motor 
neurons  to  the  voluntary-  as  well  as  the  involuntary  musculature. 
In  a  decapitateil  frog  the  uujscles  take  a  definite  position,  and 
Brondgeest  showed  that  if  such  an  animal  is  suspended,  after  cut- 
ting the  sciatic  plexus  in  one  leg,  the  leg  on  the  uninjured  side 
takes  a  more  flexed  position.  The  explanation  offered  for  lliis 
result  is  that  the  muscles  on  the  sound  side  are  being  innervated 
by  the  motor  neurons  of  the  cord.  Inasmuch  as  a  result  of  this 
kind  cannot  be  obtained  from  a  frog  whose  skin  has  been  removed, 
or  in  one  in  which  the  posterior  roots  have  been  severed  it  seems 
evident  that  this  t-onic  disc!iarge  from  the  motor  neurons  is  due 
to  a  constant  inflow  of  impulses  nlong  the  sensory  paths.  The 
muscle  tonus,  in  f»ther  words,,  is  really  a  reflex  tonus,  which  differs 
from  ordinar>'  reflex  movements  only  in  the  absence  of  a  sudden, 
visible  contraction  and  in  the  more  or  less  continuous  character 
of  the  innervation.  In  the  section  on  animal  heat  (he  importance 
of  this  constunt  innervation  of  the  muscles  as  a  source  of  heat  is 
further  emphasized.  The  idea  of  a  more  or  less  continuous  but 
varying  activity  of  the  centers  in  the  brain  ami  cord  in  consequence 
of  the  continuous  inflow  of  impulses  along  the  sensory  paths  fits 
in  ver}'  well  with  many  facts  observed  in  the  peripheral  organs, — 
facts  that  will  he  referred  to  frtim  time  to  time  as  the  physiology 
of  these  organs  is  considered. 

Effects  of  Removal  of  the  Spinal  Cord. — Numerous  investi- 
gators have  sectionetl  the  cord  partly  or  (M>mpiet-e]y  at  various 
levels.  The  general  results  of  these  experiments  as  regarrls  loss 
of  sensation  or  voluntary  movement  are  described  in  the  next 
section  treating  of  the  cord  as  a  path  of  conduction  to  and  from 
the  brain.     But  attention  may  be  called  here  to  some  of  the  gen- 
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ml  resuJts  obtained  by  (.loltz*  in  some  remarkable  experiments 
in  which  the  entire  cord  was  removed  with  the  exception  of  the 
ccmcsJ  repon  and  a  small  portion  of  the  upper  thoracic.  In 
mftking  this  experiment  it  was  necessar}'  to  perform  the  operation 
infrxrml  stepe.  That  is,  the  cord  was  first  sectioned  in  the  upper 
thoracic  region  and  then  in  successive  operations  the  lower  tho- 
ruir,  lumbar,  and  sacral  regions  were  removed  compleiely.  Yen- 
pwt  care  was  necessary'  in  the  treatment  of  the  animals  after 
tfaott  operations,  but  some  survived  and  lived  for  long  periods, 
thr  digestive,  circulator)',  and  excretor}-  organs  perfonning  their 
functions  in  a  normal  manner.  The  muscles  of  the  hind  limbs 
ud  trunk,  however,  underwent  complete  atrophy,  owing  to  the 
deitniction  of  their  motor  ner\'es.  The  blood-\'essel8  also  were 
pualyaed  after  the  first  operations,  but  gradually  their  muscii- 
bture  again  recovered  tone,  showing  that,  although  under  normal 
coDcJitions  the  tonic  contraction  of  the  vessels  is  under  tfie  iu- 
Bucnct'  of  nerves  arising  from  the  cord,  this  tone  may  be  re-estab- 
Bihed  in  time  after  the  severance  of  atl  spinal  connertioiis.  Some 
of  the  specific  results  of  these  experiments,  hearing  upon  the  re- 
flexes of  defecation,  micturition,  and  parturition,  will  be  described 
later.  Attention  may  be  culled  here  to  the  general  results 
illustrating  the  general  functions  of  the  cord, 

la  the  first  place,  there  was,  of  course,  a  total  paralysis  of  volun- 
tuy  movement  in  the  muscles  iimervated  normally  through  the 
of  the  cord  removed,  and  a  complete  loss  of  sensation  in  the 
ppgions.  particularly  of  cutaneous  and  muscular  sensibility. 
In  the  second  place,  the  ^isceral  organs,  including  the  blood-vessels, 
-that  is,  the  vegetative  or  unconscious  organs, — were  shown  to  be 
much  more  indef>endent  of  the  direct  <'ontnjl  of  the  central  nervous 
f^nrtrm.  While  these  organs  in  the  experiments  under  consideration 
iwe still  in  conne<'tion  with  the  sympathetic  ganglia  and  in  part  with 
the  brain  through  the  vagi,  still  their  connections  with  the  central 
IS  system,  particularly  as  n^gards  their  sensor}'  paths  and 
inner\'ation  of  the  hlmHl-vessels.  were  in  largest  part  de8tn>ye<l. 
The  imnuMliate  effect  of  thus  destruction  would  have  been  the  death 
of  the  animal  if  the  artificial  care  of  the  observer  had  not  replaced, 
in  the  beginning,  the  normal  control  exercised  by  the  nervous  s>'8- 
tein  through  the  spinal  nerves:  but  later  this  careful  nursing  was 
aol  rK|ttire<l.  WTiile  these  organs,  therefore,  are  capahle  of  a 
certain  amount  of  independent  activity  and  co-ordination,  they 
wrt  normally  controlletl  through  the  various  reflex  activities  of 
the  brain  and  cord.  In  the  third  place,  it  is  noteworthy  that  the 
•dftptability  of  the  cordless  portion  of  the  animal  was  distinctly 
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less  than  normal.  Its  power  of  prescr\ing  a  coiisUint  body  tem- 
perature was  more  HmitctI  than  in  tiie  normal  animal,  and  the 
susceptibility  to  inflammatory  disturbances  in  the  visceral  organs 
was  greatly  increased.  It  seems  evident,  from  these  facts,  that, 
although  the  animal  was  living,  its  power  of  adaptation  to  marked 
changes  in  the  external  or  internal  environment  was  greatly  less- 
ened, and  this  fact  ilhistratcs  well  the  great  general  inifxirtance 
of  the  spinal  cord  and  brain  as  reflex  centers  controlling  the  nutri- 
tion and  co-ordinated  activities  of  the  body  tissues  and  organs. 
This  control  is  necessary  under  nomuil  conditions  for  the  success- 
ful combination  uf  the  activities  of  the  various  organs.  A  large 
part  of  this  control  is  doubtless  dejx'ndent  upon  the  regidation  of 
the  blood  supply  to  the  various  organs.  The  mechanism  by  wliich 
this  is  effected  and  the  parts  played  by  the  cord  and  the  brain 
(medulla  oblongata),  respectively,  will  be  described  in  the  section 
on  circulation. 

Knee-jerk. — Knee-jerk  or  knee-kick  is  the  name  commonly 
given  to  the  jerk  of  the  foot  when  a  light  blow  is  stnick  ujx>n  the 
patellar  ligament  just  below  the  knee.  The  jerk  of  the  foot  is 
due  to  a  contraction  of  the  quadriceps  femoris  muscle.  According 
to  Sherrington,  the  parts  of  this  muscular  mass  chiefly  concerned 
are  the  m.  vastus  medialis  and  m.  femoralis.  In  order  to  obtain 
the  muscular  response  it  is  usually  necessary-  to  put  the  quadriceps 
umlcr  some  tension  by  flexion  of  the  leg.  This  end  is  obtainetl 
most  readily  by  crossing  the  knees  or  by  allow  iug  the  leg  to  hang 
freely  when  sitting  on  the  edge  of  a  Ix^nch  or  table.  Under  such 
circumstances  the  jerk  is  obtained  in  the  great  majority  of  normal 
jK'rs<ins,  and  this  fact  has  made  it  an  imr>ortant  diagnostic  sign 
in  many  diseaises  of  the  spinal  conl.  The  import^mce  of  the 
reaction  for  such  purfx^ses  was  first  brought  out  by  the  work  of 
Krh  aiul  of  WVstphal*  in  1875. 

Reinforcement  of  the  Knee-jerk. — Tt  was  first  shown  by 
JendraKsik  (lSS;i)  that  the  extent  of  the  jerk  may  be  greatly  aug- 
mented if,  at  the  time  the  blow  Is  stnick  ufX)n  the  tendon,  a  strong 
voluntary'  movement  is  made  by  the  imlividual,  such  as  squeezing 
the  hands  together  tightly  or  clenching  the  ja1^*s.  This  phenomenon 
was  .studied  carefully  in  this  country-  by  Mitchell  and  I-ewis,t  who 
ascertained  that  a  similar  augmentation  may  he  produced  by  giving 
the  individual  a  simultaneous  sensor>'  stimulalion.  They  desig- 
nated the  phenomenon  as  a  reinforcement,  and  this  name  is  gen- 
erally employed  by  Knglish  writers,  although  occa^onally  the  term 
"Bahnung,"  introduced  by  Exner  to  tlescribe  a  similar  phenom- 
enon, Ls  also  used.     It  is  found  that  by  a  reinforcement  the  knee- 

•  Erb  arirl  WestphftI,  "Archiv  f.  PHythiatrie,"  1S75,  vol.  v. 

t  Mitchell  and  Lewi.s,  "  American  Jounial  of  Med.  Sciences/'  92, 363, 1886. 
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/(Tk  may  be  demonstrated  in  Kome  individuals  in  whom  the  ordi- 
nan  blow  ujxm  the  tendon  fails  to  elicit  a  re.^ponse.  liowditch  an<l 
Wanpn*  studied  the  phenomenon  of  reinforcement  ami  brought  out 
ft  fwi  of  ver>'  great  interest.  They  stiidipd  especially  the  time 
inlcn'al  between  the  blow  upon  I  he  temlon  and  (ho  reinforcing  act 
fttol found  that  if  the  latter  preceded  the  blow  by  too  great  an  inter- 
nJ  then,  instead  of  an  augmentation  of  the  jerk,  there  was  a  dimi- 
nution which  ihey  designated  as  nega(i\'e  reinforcement  or  inhi- 
brtion.  This  inhibiting  effect  began  to  aiJjK'ar  when  the  reioforciug 
ftfl  (baod-tiqueeze)  preceiled  the  blow  by  an  interval  of  from  0.22 
lo().6flec.»  and  the  maximum  inhibiting  effect  was  obtained  at  an 
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f^  IK  — flhowinK  in  millimeter?  *be  amount  by  which  the  "rciiiforcc«l ''  kaee-kick 
i'*^ '  ■>'•  level  of  which  if»  reprewntcd  by  the  hurieoiitnl  line  at  0.  "nor- 

•»J  t-lapsinic  bciween  ilie  rlenrhinic  <if  the  hand  (which  c«netitulei| 

•^  tap  nn  the  icncion  are  marked  behiw.      The  reiiifortemcnt  w 

Omuvt   wEtcn    ['  rntj*  are    nearly  t<iniultaiieou.-i-      At    an    inter^'sl   of   0.4  see.  it 

WWU  tatKrtt  ^  the  next  0  0  «or.  the   lieijcht  nf  the  kick  ia  actuAlly  dimin- 

4»  Ummet  •  il,  »ft«r  which  the  neicative  reinfnrccment  tends  to  dMinpear; 

t  IT  ■•<   I-  aajMwcJ  to  elAt*^  the  lieight  of  the  kick  ceaaet  to  be  affect«d  oy  the 
of  ih»  b*nd. — {BowdUeh  atul  Warrtn.) 


intfn*al  of  from  0.6  to  0.9  sec.  Beyond  this  point  the  effect  became 
Iw  Doticeahle,  ami  at  an  interval  of  1.7  to  2.5  sec.  the  reinforcing 
luui  no  influence  at  all  upon  the  jerk.  These  relations  are 
in  the  aecompanying  rur\'e  (Fig.  65).  Theiic  authors  con- 
tl  also  the  fact  that  a  sensorv'  stimidus,  such  as  a  gentle  blast 
■  on  the  conjunctiva  or  the  knee,  may  reinforce  the  jerk.  The 
piiVMological  explanation  of  the  reinforcement,  negative  and  jxxsi- 
e,  is  A  matter  of  inference  only,  but  the  view  usually  held  is  that 
due  to  ''overflow."  That  \s,  many  facts,  such  as  strjThnin 
IKaiiua,  indicate  that  the  neuromuscular  machiner>'^  of  the  entire 
■I  nervous  system  is  more  or  less  directly  connected  and  that 

*B9«dttcli  and  Wurreii,  "Journal  of  Physiology,"  2,  25,  1800. 
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functional  activity  at  one  pari  will  influence  the  irritability  of  the  1 
remaintier  eilht»r  in  the  direction  of  reinforcement  (Bahnung)  or 
inhibition.  We  may  conceive,  thcrefoa*,  that  when  the  hands 
are  squeezed  the  motor  iinpubes  .sent  down  from  the  cortex  of  the 
brain  to  the  upijer  portion  of  the  cord  overflow  to  some  extent, 
sultieient  at  least  to  alter  the  irritability  of  the  other  motor  neuroas 
in  the  cord.  Experimental  t-thnulation  of  the  cortex  lias  given 
similar  results.  Exner*  found  that  when  the  motor  center  for  the 
foot  in  the  cortex  of  a  rabbit  was  stimulated,  the  stimulation,  even 
if  too  weak  to  be  effective  itself,  caused  an  increase  in  the  contraction 
brought  about  reflexl_v  by  a  simultaneous  stimulation  of  the  skin 
of  the  paw,  and  furthermore  if  these  stimuli  were  so  reduced  in 
strength  that  each  was  ineffective,  then  when  applied  together  a 
contraction  was  obtained.  In  this  case  an  ineffective  stinmlus 
from  the  cortex  reat.-hing  the  spinal  cord  increased  the  irritability 
of  the  motor  centers  there  so  that  a  simultaneous  reflex  stimulus 
from  the  foot,  ineffective  in  itself,  became  effective. 

Is  the  Knee-jerk  a  Reflex? — The  most  interesting  question 
in  this  connection  is  whether  the  jerk  is  a  true  reflex  act  or  is  due 
to  a  direct  mechanical  stuuulatiou  of  the  muscle.  Opinions  are 
divided  upon  this  point.  Those  who  believe  that  the  jerk  is  a 
reflex  lay  emphasis  ui>on  the  undoubted  fact  that  the  integrity  of 
the  reflex  arc  Ls  al)solutcly  essential  to  the  resjMmse.  The  ijuad- 
riceps  receives  its  motor  and  scn.sor>'  filjers  through  the  anterior 
crural  nerve,  and  jmthological  lesions  upon  man  as  well  as  direct 
experimental  investigation  upon  monkeys  prove  that  if  either  the 
pfjsterior  or  anterior  roots  of  the  tfiird  and  fourth  lumljar  sjjinal 
nerves  are  destroyed  the  knee-jerk  disappears  entirely,  Tbe  t)ppfH 
nents  of  the  reflex  view  explain  this  fact  by  the  theory  that  in 
order  for  the  quadriceps  to  respond  it  must  be  in  a  conriition 
of  tonus.  This  tonus  depends  upon  the  reflex  arc,  the  sensor\' 
impulses  from  the  muscle  serving  to  keep  it  in  that  condition 
of  subdued  contraction  known  as  tone.  On  this  view  destruc- 
tion of  the  reflex  are  renders  (he  muscle  less  irritable,  so  that  it 
will  not  respond  by  a  contraction  to  the  sudden  mechanical  exten- 
sion or  pull  caused  by  the  l)low  on  the  tendon.  The  adhererUs  of 
this  view  lay  emphasis  upon  two  facts:  First,  the  knee-jerk  is  a 
simple  contraetir>n,  and  not  a  tetanus,  and,  generally  speaking,  I 
tile  motor  centers  of  the  cord  discharge  a  series  of  impulses  when  ' 
stimulated.  Second,  the  tune  for  the  jerk — that  is.  the  interval 
between  tfie  stimulus  and  the  respoase — Ls  too  short  for  a  reflex. 
The  determination  of  this  time  ha,s  i>een  attempted  by  many  ob- 
sexvers  for  the  purjx>se  of  deciding  the  controversy,  but  unfor- 
tunately the  results  have  l^pn  lacking  in  iinifonnity,  var^'ing.  in 
*  Exner,  "Archiv  f.  die  getiainmte  PliysioloKie,"  27,  412,  1882. 
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man,  from  0.025  to  0.073  sec.  Moreover,  we  have  no  definite  basis 
upon  which  to  estimate  what  should  be  the  time  required  if  the 
act  were  a  genuine  reflex.  For  the  act  of  winkinp  in  man  Exner 
estimated  a  total  time  of  0.0578  sec,  but  Mayhew  obtained  a 
mller  figure — 0.0471  .sec.  In  the  lower  animals  the  results  have 
'also  been  uncertain.  Applegarth,  making  use  of  a  dog  with  a 
severe<"i  spinal  cord,  obtained  for  the  time  of  the  knee-jerk  an 
interval  of  0.014  to  0.02  sec.  Assuming  a  velocity  of  HXJ  ft.  or 
more  per  second,  this  woukl  allow  hufficient  time  for  the  imj^uLse 
to  travel  to  the  conl  am]  Vmck  pnividod  there  was  no  delay  in 
the  nen'e  centers.  Waller  and  Cotch,  using  the  rabbit,  found  the 
time  to  be  only  O.OOS  to  (J.fX)5  sec.,— that  is,  just  about  the 
itent  period  of  a  muscle  contraeticm  and  too  short  a  time  for 
reflex.  It  is  evident  tliut  more  facts  are  necessar>'  before  a 
positive  statement  can  be  made  upon  this  point.  In  favor  of 
the  reflex  theory  attention  may  be  called  to  the  fact  that  in 
some  cases  a  crossed  reflex  is  obtaine*!  affecting  the  muscles  of 
the  other  leg.  This  apparently  undoubted  reflex  shows  that  an 
efficient  sensorv-  impulse  has  reached  the  cord,  and>  according  to 
our  knowledge  of  reflexes,  the  effect  in  such  cases  slioukl  ahvays 
be  mo«?t  marked  on  its  own  side.  It  would  seem  to  be  unjustifiable 
in  these  cases  to  suppose  that  the  effect  on  the  same  side  is  not 
reflex  while  on  the  of>posite  side  it  is  reflex. 

Conditions  Influencing  the  Extent  of  the  Knee-jerk.— The 
effect  of  var\'ing  normal  conditions  upon  the  knee-jerk  has  been 
studied  by  a  numl)er  of  obsen-ers^  particularly  by  Lombard.*  The 
rosnlts  are  most  interesting  in  that  they  inriicate  ver\'  clearly  that 
the  irritability  of  the  spinal  cord  varies  with  almost  everj-  marked 
variation  in  mental  activity.  During  sleep  the  jerk  disappears 
and  in  mental  contlitions  of  a  restful  character  its  extent  is  relatively 
small.  In  conditions  of  mental  excitement  or  irritation,  on  the 
contrary',  the  jerk  becomes  markedly  increased.  Ix)mbard  ob- 
served also,  in  his  own  case,  a  daily  rhythm,  which  is  represented 
in  the  chart  given  in  Fig.  66.  It  would  seem  from  his  exjierimpnts 
that  the  extent  of  the  knee-jerk  is  a  sea^itive  indicator  of  the 
relative  state  of  irritability  of  the  ner\'ous  sj'stem:  *'The  knee- 
jexk  is  increased  and  diminished  by  whatever  increa^^s  and  di- 
minishes the  activity  of  the  central  ner\'ous  s>'st«m  as  a  whole.*' 
This  general  fact  is  supported,  especially  as  regards  mental  activity, 
by  observations  on  other  similar  mechanisms, — such,  for  instance, 
as  the  condition  of  the  nervous  centers  controlling  the  bladder. 

♦Loml>aitl,  "The  American  Journal  of  Psyrhologv',"  1S87,  p.  1.  See 
ftlw  article  "Knee-jerk"  (Warreu),  "Wood'a  Ref.  Uaiidbook  of  Med.  Sci- 
ences," second  edition,  1902. 
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Use  of   the  Knee-jerk  and  Spinal  Reflexes  as  Dia^ostic 

Signs. — The  fact  thaf  the  kneo-jerk  <lof>pniis  on  the  integrity  of 
the  reflex  arc  in  the  hinifiar  cord  has  made  it  useful  as  a  diagnostic 
indication  in  lesions  of  the  coni,  j>articularlv,  of  course,  for  the 
lumbar  region.  It  in  mainly  on  account  of  its  practical  value  and 
the  ease  with  which  it  is  ordinarily  obtained  that  the  phenom- 
enon has  Ijeen  studied  so  extensively.  In  the  disease  known  as 
progressive  locomotor  ataxia  the  posterior  root  fibers  in  the  pos- 
terior columns  in  the  lumbar  region  are  affected,  and,  as  a  con- 
sequence, the  jerk  h  diminished  or  abolished  altogether  according 
to  the  stage  of  the  disease.     So  also  lesions  affecting  the  anterior 


iftH  ar*  tur 


(^?H 


FiK  tU>  l.ornhard  •»  fi«ur*  tn  ii.dicnfe  the  daily  rhvthra  in  the  extent  of  the  knee* 
wrk  anrl  the  effprt  of  mental  slimuU.  T»ie  ordinutPN  (0  1 10)  repMs«iit  the  exlent  of  the 
Iciek  in  niitbmeten$  l-^irh  Jot  reprp^nt^  a  aeiMtrute  kick,  while  the  heavy  honauriuU  line 
givea  the  aveni«B  extent  lor  the  periotj  in<licsle<l. 

horns  of  the  gray  matter  will  destroy  the  reflex  by  cutting  ofT  the 
motor  path,  while  in  other  cast\s  lesions  in  the  hmin  or  the  lateral 
cohmms  of  the  cord  affecting  the  pyramidal  system  of  fibers  may 
be  accompanied  by  an  exaggeration  of  this  and  similar  reflexes. 
This  latter  fact  agn>es  with  the  ex()eriniental  result.s  (see  p.  140) 
ui>on  ablation  of  the  brain.  After  such  operations  in  the  frog 
and  lower  mammals  at  least  the  spinal  reflexes  may  show  a  marke<l 
increase.  Tntemipt  ion  of  the  descemling  connect  ions  between  Imiin 
and  cord  at  any  ptiint,  then'fore,  may  be  acc<impanie<l  by  a  strik- 
ing increase  in  sensitiveness  of  the  spinal  reflexes.  The  explana- 
tion usually  given  is  that  the  inhihitort-  influences  of  the  brain 
centers  upon  the  cord  are  thereby  weakened  or  destroyed.     The 
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Fig.  ti7.  — UiHgrammatic  repiTHpnlation  nt  (he  lower  jwrtinn  nt  the  human  bulh  snil 
IkinaJ  conl. 

Tlie  cord  is  divided  iiitit  lU  four  nRKions:  I.  MetluUa  rerv'i<:aliK:  2,  medulla  dont&ltx; 
3t  itipdulla  lumhalir*;  4,  tnedulla  f^arralif*.  Within  each  raKioii  thi>  spinal  Wfffnentu  b«ttr 
Roman  number".  On  the  loft  Mde  uf  the  diagram  the  loraJity  ■•uiintiiHi  hy  the  .sen»oi> 
(afferpnt>  nevironi*  is  indirateit  by  one  or  raore  wonlf.  and  the?*  latter  are  eonoected 
with  the  hiilb  t>r  the  HeKnieiith  of  the  enrd  at  the  levelf  at  which  the  nerven  enler.  The 
ufTereiit  charartor  is  iiiihrutf^l  h>  the  arrow  tip  on  thi*  hne>  of  refprence. 

On  the  riKhi-hand  hi  le  the  iiamef<  of  nmncleM  or  f^iiup.t  of  DiUHrle»  are  Kiven.  and  tu 
ibfltu  are  drawn  referemv  iinf^  which  <tart  from  the  -vgnientA  of  the  coruin  nhirh  the 
eell-bodias  of  ohg:in  hiive  been  liHrated. 

Within  the  curd  it«clf,  the  deragUBtinnn  for  .^e^'eral  reflex  rcnter^  are  inwribed  in  the 
■iMmeni  where  the  niechaninak  is  Incabsnl.  Knr  example.  Keflexu*  wapularip,  Centnim 
fint^-.-ipinalo.  H*»flexun  e|»ifa*tricus,  ReflexUK  nbdonunidi",  Kefle-su."  <*rnTiia'«tericuft,  Reflexus 
iialellari'i.  Keflexu"  tendc  AchilUn.  rentnim  ve?*tcale.  rentnirn  anale  (the  lant  (wo  on  the 
left  fide  nf  the  diajicnini).  ( f)onaldfion.  "Amer.  't^xl-butik  of  Fhyfflol()gy«"  from  "  loonen 
Neurolojticw.  "  Slrnrnpt-U  mui  Jakob.) 


h 


Acusticus 


(wlripiiil 

Ptianmi 

Oesoptiaps 
Laryni.  Tiacliea 

Inteslina 
(Tiim  AMoiiimI 
Regio  occipitalis 
Reeio  colli 
RetlooBcliae 
ReeJotumeri 
Regio  Nenrj  radialis 
Rapo  N.  Diediafli 
Regio  N.  uktsf  is 


Musculi  iaciei 
Mm.  ptiaryngi 
M.  Isnmgis 
Mm.  lifipae 


Stemocle«lofnailiiiitai8 
MustoH  ol  il  Mdn 
ScMSsWn 

Cucohris 

RtiDnMdaJ.Lmlira0itti(iiiM 

OiapttragiRa 


Atidoinsn 


Umbilicus 


Regio  glutaealts 
Regio  inguinalis 


\i 


\'D 


\TII 


S^Mf  IncB 


SBnitus2iitiQS.SvMvtmis 
Psctonilis  major  imniecMatj 

TVBsnnv  1-^ 

Pnntwss.  Bradiialis  inlernus     |  ^ 

Tricops 

[xiensom  canii  et  digitw.  tongi    1 1:- 
PBctonlismifDripMttiasttsI  lU 

litissinwsMhmrMiar  '  = 

riexores  carpi  el  digitor.  tongi  ji 

Interossai  kiM*i         t^^ 
Hrooitimr  ]^ 


Regio  fsnoris 
Hegio  cruris 


Sanm 

Qintfnciin  femoris 
Gltit38i,  iHisiir  tasc.  tit 
Adductttres  femoris 
AMuctorBS  femoris 
Titiiali! 
GastTooiemius.  Soleus 

t  SwM 
QllMv.  nriMi  9aMs  t 
Finns  Ills 


Hiinsicales 

Mtn.  rectales 


llR.    tl7. 
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cxpluatbn  i<?  incomplete  in  that  it  leaves  undecided  the  question 

w  to  whether  this  inhibitory  influence  is  exerted  through  the  or- 

dinan'  motor  paths  or  through  a  special  set  of  inhibitorj'  fibers. 

Various  motor  reflexes  whose  motor  centers  are  situated  at  differ- 

ent levels  in  the  cord  niay  Ik?  used  to  a  limited  extent  to  tUagnose 

the  condition  of  the  cord  at  its  various  parts.     Some  of  the  most 

genemlly  known  of  these  reflexes  are  given  in  the  following  table 

and  the  location  of  the  centers  in  the  cord  is  shown  in  Tig.  57: 

rOrALIZ.\TIO\   OF   FUXCTIOX   IN   THE   DIFFERENT  SEGMENTS 

OK  THE  SPlN.\b  CORD. 

(M.  Allkn  Stark,  slightly  aioditied  by  Edinger.)*         • 

Bmmmwn. 

UnCLMM. 

KmnrnxMB. 

CUTANBODB  AmBAB 

Inhbnvatbd. 

Can-icaliHui 

M.     j*ten»f>-cleul(>- 

luapiratory  reflex  on 

Neck  and  back  of 

niastoidcus. 

quick    pressure    be- 

head. 

U.  tr&peziuA. 

neath  nb<t. 

Uxn.     scaleai     et 

roUi. 

DUphrapnA. 

■     CXiv 

Diaphrafrma. 

Dilatation  of  the  pu- 

Neck. 

1 

M.  *rtiprai*pirmliw. 

pil  on  irritation  of 

t'pper  part  of 

1 

H.  infraApinatus. 
M.  deltoidcufl. 

the  neck  (C.  iv-vii.) 

•shoulder.                            ^^ 

■ 

Outer  side  of  arm.           ^^M 

m 

M-  biceps  brachii. 

■ 

^H 

M.     coracnbrachi- 

^H 

alis. 

^^H 

M.  supinator 

^^H 

kininu* 

^^H 

M.  rhomboiilc'i. 

^^H 

C     X 

M.  deltoiileus. 

Scapular     reflex     (C. 

Back   of    tfhoulder            ^^M 

U.  biceps  brachii. 

v-T.  i). 

and  arm.                        ^^M 

U.     ooraoobrachi- 

Tendon     reflexes     of 

Outer     side     of            ^H 

aha. 

the      corresponding 

upper    arm    and            ^^M 
of  the  forearm.              ^^M 

U.  Bupinator 

muscles. 

loniruH. 

■ 

M.  supinator 

bre^Ts. 

^^1 

M.  pectornlifl 

■ 

nmjiir      (  p  a  r  « 

clax-icttlaris). 

^^1 

M.     Aomitus    an- 

^^1 

terior. 

^^H 

Mm.  rhomtxndoi. 

■ 

U.  b  r  a  c  h  i  a  1  i  ■ 

] 

anticua. 

^^m 

M.  teres  minor. 

H 

Cvi 

M.  bicepa  brachii. 

Tendon  reflexes  of  the 

Outer     side     of              ^^ 

M.  brachialiB 

Mm.    c-xtensorea   la- 

forearm.                                       | 

antictu. 

certi  et  brachii. 

Back  of  hand  and 

M.  pectoralis 

Tendon     reflexes     of 

radial  region. 

major      (para 

the   muscles  of  the 

cb^'iculnris). 

wrist. 

•Taken  from  Barker's  "  Ner\-ouft  System."                                                J 
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Localization  of  Function  in  the  Different  Segmentb  of  the  Spinal 
Cord. — {Continued.) 


Sbombnis. 


C.     vi     (conr 
tinned). 


Cvii 


C.  viii. 


Thoracic  i . 


Muscles. 


H.      serratus 

anterior. 
M.  triceps  brachii. 
Mm.      extenaores 

manus   et    digi- 

torum. 
Mm.  pronatores. 
M;  tnceps  brachii 

caput  longum). 
Mm.       extensores 

manuB   et    digi- 

tonim. 
M.    flexores 

manus. 
Mm.      pronatores 

manus. 
M.  pectoralis 

major     (pars 

stemo-costalis). 
M.  subscapularis. 
M.  latissimus 

dorsi. 
M.  teres  major. 
Mm.  r  1  e  X  o  r  e  s 

manus    et    digi- 

torum. 
Mm.    m  i  n  o  r  e  s 

manus. 
Mm.      extensores 

poUicis. 
Mm.    m  i  n  o  r  e  s 

manus. 
I  Mm.    eminent 

thenar  et  hypo- 

thenar. 

T.  ii-xii I  Mm.  dorsi. 

I  Mm.  abdominis. 
I  Mm.     erectores 
!     spinsp. 
M.  iliopsoas. 
I  M.  sartorius. 
,  Mm.  abdominis. 


1 


Lumbar  i 


L.  ii. 


L.  iii 


Reflexes. 


Blow  upon  the  palm 
of  the  hand  causes 
closure  of  the  fin- 
gers. 

Palmar  reflex  (C. 
vii-T.  i). 


CuTANBOtis  Areas 
Immbrvatbd. 


Radial    region    of 

hand. 


Pupillary  reflex. 


M.  iliopsoas. 
M.  sartorius. 
Mm.  flexores  gen  as. 
M.  quadriceps 

femoris. 
M.  quadriceps 

femoris. 
Mm.  rota  tores 

fomoris  (inward). 
Mm.      adductores 

U'Tiums. 


Epigastric  reflex   (T. 
I     iv-vii). 

I  Abdominal  reflex 
I     (T.  vii-xi). 
■  Cremaster  reflex 
(L.  i-iii). 


Patellar  tendon  reflex 
(L.  ii-iv). 


^  Distribution      of 
N.  medianus. 


>  Ulnar  region. 


Skin  of  thorax, 
back,  abdomen, 
and  upper  glu- 
teal region. 

Skin  of  pubic  re- 
gion. 

Anterior  part  of 
scrotum. 

Outer  side  of  hip. 


Anterior  and  inner 
side  of  thigh. 
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LOCAUUTION  OF  FOICTION    IN   THZ  DIFFERENT  SEGMENTS  OK  THE   SplNAL             ^M 

Cord. — {Coniinued.)                                                           ^M 

flMMJnt. 

UVCLXB. 

Rert.KXES. 

CUTANXOUS    AkKAA                     ^M 

Innkrvatcd.                   ^M 

Liv 

Mm.      Abductorea 

Gluteal   re6ex   (L. 

Inner  side  of  thigh     ^^^| 

1 

femorU. 

iv-v). 

and  leg  as  far  aa    ^^^H 

Mm.     abductoraa 

ankle;  inner  side    ^^^| 

feinori«. 

of  foot                     ^^H 

M.       t  i  b  i  A  1  i  s 

^H 

.  Ulterior. 

Mm.  f  1  e  X  o  r  e  « 

^1 

RfnuB  (FerrierT) 

Mm.         rotatoree 

femorifl    (  0  u  t  - 

Lf 

Back    of  hip   and          ^M 
thigh   and   outer           H 

■ 

wftrd). 

part  of  foot.                    H 

Mm.   f  1  e  X  0  r  e  8 

^M 

^^^^L 

Kenus  (Ferrier?) 

^m 

^^^^H 

Mm.    f  1  c  X  o  r  e  8 

■ 

mdifl. 

Mm.       extf'nsores 

n 

difritorum. 

■ 

^^^^^^B 

Mm.    ptmiupi. 

■■BMi... 

Mm.    f  le  X  0  res 

Plantar  reflex. 

Back     of     thieh;           1 
outer  side  of  1^           H 

pedis     ct     digi- 

■ 

tonxm. 

and  foot.                    ^^H 

■ 

M.  peronffi. 

fl 

Mm.    m  i  n  0  res 

nedifl. 
M.  perina-i. 

AcliiUos  tendon  reflex. 

Skin  over  sacrum,           H 

Vesical    and    rectal 

[KTineum.     Reni-            H 

^^ 

centers. 

talia,  and  al>out          ■ 
anu<4.                                H 

^                                                   ■ 

CHAPTKR  Viri. 
THE  SPINAL  CORD  AS  A  PATH  OF  CONDUCTION. 


In  addition  to  the  varied  and  important  functions  performed 
by  the  cord  as  a  system  of  reflex  centervS  controlling  the  activities 
of  numerous  glands  and  visceral  organs  as  well  as  the  so-called 
voluntary  muscles,  it  is  physiologically  most  iinjxjrtant  as  a  path- 
way to  and  from  the  bmiu.  All  the  innumerable  fibers  that 
enter  the  cord  through  the  posterior  roots  of  the  spinal  nerves 
bring  in  afferent  impulses,  which  may  be  continued  upward  by 
definite  tracts  that  end  eventually  in  the  cortex  of  the  cerebrum, 
the  cerebellum,  or  some  other  jxirtion  of  the  lirain.  On  the  other 
liand,  many  of  the  efferent  impulses  originating  reflexJy  or  other- 
wise in  different  parts  of  the  brain  are  conducted  downward  into 
the  cord  to  emerge  at  one  or  another  of  the  anterior  roots  of  the 
spinal  nerves.  The  location  and  extent  of  these  ascending  and 
descending  paths  fomi  a  part  of  the  inner  structure  of  the  cord, 
which  is  most  important  practically  in  medical  diagnosis  and  which 
has  been  the  subject  of  a  vast  amoimt  of  experimental  inquir\'  in 
physiology,  anatomy,  patholog>',  and  clinical  nieittcine.  In  working 
out  this  iiuier  architecture  the  neuron  conception  has  1xm?u  of  the 
greatest  value,  and  the  results  are  usually  presented  in  terms  of  these 
interconnecting  units. 

The  Arrangement  and  Classification  of  the  Nerve  Cells 
in  the  Gray  Matter  of  the  Cord.— Ncr\'e  cells  are  scattered 
throughout  the  gray  matter  of  the  cord,  but  are  arranged  more 
or  less  distinctly  in  groups  or,  considering  the  longitudinal  aspect 
of  the  conl,  in  columns  the  character  of  which  varies  somewhat  in 
the  different  regions.  Fron)  the  staiitlpoint  of  physiological  anatomy 
these  cells  may  be  groujx^d  into  four  classes:  (1)  The  anterior 
root  ceUs,  clustered  in  the  anterior  horn  of  gray  matter  (1,  Fig.  68). 
The  axons  of  these  cells  pass  out  of  the  cord  almost  at  once  to 
form  the  anterior  nwts  of  the  spinal  nerves.  (2)  The  tract  cells, 
so  called  because  their  axons  instead  of  leaving  the  cord  by  the 
spinal  roots  enter  the  white  matter  and.  after  passing  upward  or 
downwanl.  help  to  form  the  tracts  into  which  this  white  matter  may 
be  divided  (2  anil  3  of  I'ig.  68) .  These  tract  cells  are  found  through- 
out the  gray  matter,  and  according  to  the  wide  on  which  the  axon 
enters  into  a  tract  they  may  be  divided  into  three  subgroups:  (a) 
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Thow  who«  axons  enter  the  white  matter  on  the  same  side  of  the 
cord,  the  tautomeric  tract  cells  of  Van  Cehuehten.  (ft)  Those  whose 
txnrw  pas^  through  the  anterior  white  coniniissiire  and  thus  reach 
the  tracts  in  the  anterior  or  lateral  columns  of  the  other  side. 
Th(^  are  knowii  aa  commissural  cells  or  the  hcteromeric  tract 
cell  of  Van  Gehuchten.  They  form  one  obvious  means  for  crossed 
eonduction  in  the  cord,  (c)  Those  whose  axons  divide  into  two, 
OMpaesng  into  the  white  matter  of  the  same  side,  the  other  pass- 
ing by  way  of  the  anterior  commissure  to  reach  the  white  matter 
of  the  opposite  side — the  hecateromeric  tract  cells  of  Van  Geliuch- 
ten.   (3)  The  Golgi  cells  of  the  second  type — that  is.  cells  whose 


^ois.  givttig  Ha*  to  the  fibril  <jf  the  anterior  root ;  3,  tract  oeUs  who«e  axons  jmm  into  the 
*w>  t^Mttrr  rtf  th^  •nt^nor  ant)  lateruJ  coluxniui;  3,  eommiaaunU  eoUa  whoae  axocu  ^mm 
Wiv  tbr'->  r  coamuavure  to  reach  the  anterior  columiu  of  the  other  sde; 

lOnw  eri  n-ho«e  axooa  do  not  leave  the  Kray  niatter.  5,  tract  oells  whose 

ttOMfMi^i.  ..ktter  of  th*  poatoriur  column.     Left  «i<le:    1,  Enterios  fiber*  of 

tti  poeCenor  rnK>i,  enntuK.  from  within  outward,  a«  foUown:  ClarkeS  ooluma.  posterior 
Wm  ai  oppo^te  Mde,  anterior  horn  aame  side  (reBex  arc),  lateriU  horn  of  same  awle,  pos- 
(•ner  born  crfsaime  ade;  2,  eoUaterals  from  fibers  in  the  anterior  and  lateral  m^amika;  3, 
I  ol  daseaBdioc  pyramidal  fiben  eodinc  around  motor  oelis  in  anterior  horn. 


turn  divides  into  a  numl>er  of  small  branches  like  those  of  a 
dendrite.  The  axons  of  these  cells,  therefore,  do  not  become 
medullated  nerve  fibers;  they  take  no  part  in*  the  fonnation  of 
tiw  spinal  roots  or  the  tracts  of  white  matter  in  the  cord,  but 
l«muiiftte  diffusely  within  the  gray  matter  itself.  (4)  The  pos- 
terior root  ceUs  lyiiiK  towanl  the  base  of  the  anterior  horns.  These 
wH*  liave  been  demonstrated  in  some  of  the  lower  vertebrates 
(petmmyzon — chick  embryo),  but  their  existence  in  the  mammal 
k  fltill  a  question  in  some  doubt;  their  axons  pass  out  from  the 
eocd  by  the  posterior  root  and  they  form  the  anatomical  evidence 
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for  the  view  that  the  posterior  roots  may  contain  some  efferent  fibers. 
Some  of  the  groups  of  tract  cells  have  been  given  special  names, — 
such,  for  instance,  a.s  Clarke's  column  {columna  vetsicuIarLs).  This 
group  of  cells  lies  at  the  inner  angle  of  the  posterior  horn  of  gray 
matter  (5,  Fig.  71),  and  forms  a  column  usually  described  as 
extending  from  the  middle  lumbar  to  the  upper  dorsal  region. 
The  axons  from  these  cells  j>ass  to  the  dorsal  margin  of  the  lateral 
columns  on  the  same  side  to  constitute  an  ascending  tract  of  fil^iers 
known  as  the  tract  of  Flerhsig»  or  the  dorsal  or  direct  cerebellar  tract. 
General  Relations  of  the  Gray  and  White  Matter  in  the 
Cord. — Cross-sections  of  the  cord  at  different  levels  show  that 
tlie  relative  amounts  of  gray  ami  white  matter  differ  considerably 
at  different  levels,  so  that  it  is  quite  possible  to  recognize  easily 
from  what  region  any  given  section  is  taken.  At  the  cen'ical  and 
the  lumbar  enlargements  the  amounts  of  both  gray  and  white 
matter — that  is,  the  total  cross-area  of  the  cord — show  a  sudden 


While  mnUet. 


-Gray  moUc. 


-Cnrire  iec^ion- 


£onipoftile  curves  ba^edon  4  Cases ■ 
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Via.  69. — Curves  to  ahow  the  relative  area^  uf  the  rray  and  while  mnilcr  ol  the  ti^injil 
cord  Dt  difTerent  levels. — {OannidBntt  nntl  7>(jn>.)  The  Konian  numerals  along  the  abaciasa 
represent  the  Diiffiii  of  the  tliffereut  >piiial  nervefl. 

increase  owing  to  the  larger  number  of  fibers  arising  at  these  levels. 
The  white  matter,  and  therefore  the  total  cro&s-area,  shows  also 
a  constant  increase  from  below  upward,  due  to  the  fact  that  in 
the  upper  regions  many  fibers  exist  that  have  come  into  the  cord 
at  a  lower  level  or  from  the  brain,  those  from  the  latter  region  being 
gradually  distributed  to  the  spinal  ner\'e.s  a.s  we  proceed  downward. 
In  the  accompanying  figure  a  curve  is  presented  showing  the  cross- 
area  of  the  cord  and  the  relative  amounts  of  gray  and  white  matter 
at  each  segment. 

Tracts  in  the  White  Matter  of  the  Cord,  Methods  of  Deter- 
mining.— The  .reparation  of  the  mcdullatod  fil>ers  of  the  coni 
into  distinct  tracts  of  fil>ers  possessing  different  functions  has 
been  accomplLshed  in  part  by  the  combined  results  of  investiga- 
tions in  anatomy,  physioI<>g>%  and  ]>atholog}'.  The  two  methods 
tJiat  have  been  employed  most  freciuently  and  to  the  best  advan- 
tage are  the  method  of  secondary  degeneration  (Wallerian  degen- 
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e»tion)  and  the  method  of  myelinization.     The  method  of  secoml- 
ary  (Jc^nerat ion  depeml.i  ujwn  the  fact  tliat,  when  a  fiber  w  cut 
off  from  its  cell  of  origin,  the  peripheral  end  degenerates  in  a  few 
Ays.    If,  therefone,  a  le^sion,  experimental  or  pathological,  is  made 
in  the  cord  at  any  level  those  filx^rs  that  are  affected  undergo 
rhffniration:  those  with  their  cells  below  tJie  le-sion  degenerate  up- 
mid.and  thoee  with  their  celU  alxive  the  lesion  degenerate  down- 
nwd.    According  to  the  law  of  polarity  of  conduction  in  the  neuron 
o  dMOcnding  degeneration  in  the  cord  indicates  motor  or  efferent 
piUks  as  reganls  the  brain,  and  ascending  degeneration  indicates 
KiHDry  or  afferent  paths.     It  Ls  obvious  that  localize^l  le.si<m.s  can 
be  uskI  in  thL<  way  to  trace  definite  groups  of  fillers  through  t  he  cord. 
If,  for  instance,  one  exposes  and  cuts  the  posterior  roots  in  one  or 
mopp  of  the  hiinbar  nen'es  the  portions  of  the  fibers  entering  the 
eoftl  irill  degenerate,  and  the  jiath  of  some  of  Ihes**  fil)ers  may  l>e 
Inoed  in  this  way  upward  to  the  medulla.     The  degenerated  iWwm 
may  be  revealed  histologically  by  the  staining  methods  of  Weigert 
or  of  Marchi.     The  latter  method  (preser%'ation  in  Midler's  fluid, 
fff^it^ing  in  osmic  acid  and  Mtillcr's  Huid)  has  proved  to  be  espe- 
cUly  Qteful;    the  degenerated  fibers  during  a  certain  jieriod  give 
A  blick  eolor  with  this  liquid,  owing  [)rotjably  to  the  splitting  up 
of  the  lecithin  in  the  myelin  and  the  lil^ration  of  the  fat  from  its 
combination  with  the  other  portioas  of  the  molecule.*    The  mye- 
hnization  roetho<l  was  introduced  by  Flechjiig.     It  depends  upon 
the  fact  that  in  the  embr>o  the  nerve  fillers  as  first  formed  have 
oo  m^'clin  sheath,  and  that  this  easily  detected  structure  is  in  the 
central  nervous  system  assumed  at  about  the  same  time  by  those 
bundles  or  tracts  of  filx^rs  tluit  have  a  common  course  and  func- 
tion.    By  this  mean:*  the  origin  and  tennination  of  certain  tracts 
may  be  worked  out  in  the  embryo  or  shortly  after  birth.     The 
well-known  system  of  pyramidal   fillers,   for  instance,   Ls  clearly 
differentiated  in  the  embr>'o  late  in  intra-uterine  life  or  at  birth, 
owing  to  the  fact  that  the  fillers  composing  it  have  not  at  tlmt 
time  acquired  their  myelin  sheaths.     Flechsig  a;ssumes  that  the 
dorelopment  of  the  myelin  marks  the  completed  structure  of  the 
oervfr  fiber  and  indicates,  therefore,  the  time  of  its  entrance  into 
full  functional  activity. 

General  Classification  of  the  Tracts.— The  tracts  that  have 
been  worked  out  in  the  white  matter  of  the  coril  have  l>een  classified 
in  several  ways.  We  have,  in  the  first  place,  the  division  into  as- 
eendtng  and  descending  tracts.  This  division  rests  upon  the  fact 
tint  the  axon  conducts  it^  impulses  away  from  the  cell  of  origin,  and 
flOOaequently  those  neurons  whose  axons  extend  upward  toward  the 

♦Pee  Halliburton,  ''TJie  Chemical  Side  of  Nervous  Activity,*'  LfOndon, 
ItOI;   "Croodinn  I-ectures," 
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higher  parts  of  the  cord  or  brain  are  designated  as  ascending,  since 
nonimlly  ihe  impulses  conducted  by  them  take  this  direction.  They 
constitut-e  the  afferent  or  sensor>'  paths,  and  in  case  of  injury  to  the 
fiber  or  cell  the  secondar>-  degeneraliun  also  extends  upward.  The 
reverse,  of  course,  holds  true  for  the  descending  or  motor  paths. 
The  tracts  may  he  divided  also  into  long  and  short  (or  segmental) 
tracts.  The  latter  group  comprises  those  tracts  or  fillers  \vhieh 
have  a  short  course  only  in  the  white  matter,  extending  over  a  dis- 
tance of  one  or  more  spina!  segments.  Histologically  the  fibers  of 
these  tracts  take  tiieir  origin  frum  the  tract  cells  in  the  gray  matter 
of  the  cord  and  after  mnning  in  the  white  matter  for  a  distance  of 
one  or  more  st^gments  they  again  enter  llie  gray  matter  to  terminate 
around  the  dendritic  processes  of  another  neuron.  These  short 
tracts  may  be  ascending  or  descentling,  and  the  imfmLses  that  they 
conduct  are  conveyed  up  or  down  the  curd  by  a  series  of  neurons, 
each  of  whose  axons  runs  only  a  short  distance  in  the  white  matter, 
and  then  conveys  its  impulse  to  another  neuron  whose  axon  in  turn 
extends  for  a  segment  or  two  in  the  white  matter,  and  so  on. 
These  tracts  are  sometimes  described  iis  association  or  short  associa- 
tion tracts,  because  they  form  the  mechanism  by  which  the  activi- 
ties of  different  segments  of  (he  cord  are  brought  into  association. 
This  method  of  c<induction  by  segmental  relays  involving  the  par- 
ticipation of  a  .serie.s  of  neurons  may  be  rcganled  as  the  primitive 
method.  It  indicates  the  origiiuU  stnicturo  of  the  cord  as  a  series 
of  segments,  each  more  or  less  independent  physiologically.  The 
short  tracts  in  the  mammalian  cord  lie  close  to  the  gray  matter, 
forming  the  bulk  of  what  is  known  as  the  ground  bundles.  The 
long  tracts,  on  the  contrary',  are  composed  of  those  fibers,  as- 
cending or  descending,  which  nm  a  long  distance,  and,  in  fact, 
extend  from  the  cord  to  some  part  of  the  brain.  It  is  known, 
however,  that,  although  the  tracts  as  tracts  extend  from  brain 
to  conl.  many  of  the  constituent  fibers  of  these  tracts  may  lK*gin 
and  end  in  the  cord  or  in  the  Itrain,  as  the  caMJ  may  be.  Some 
of  the  fil)ers  of  the  long  tracts  are,  therefore,  so  far  as  the  cord  is 
concerned,  simply  long  a-ssociation  tracts  which  connect  different 
regions — e.g,,  cerxical  and  lumbar — of  the  cord  by  a  single 
neumn,  as  the  short  association  tracts  ctjuiiect  different  seg- 
ments of  the  same  region.  It  is  said  that  in  these  long  tracts 
those  fibers  that  have  the  shortest  course  lie  to  the  inside — that 
hf  nearest  to  the  gray  matter.*  From  the  results  of  comparative 
studies  of  the  different  vertebrates  we  may  conehide  that  the  long 
tracts  are  a  relatively  late  development  in  their  phylogenelic  his- 
tory', and  that  in  the  most  highh'  deve]oi)ed  animals,  man  and  the 

♦  Sherrington  and  Laslett,  "  Jounml  of   Phy8iolog>%"  29, 188,  I0U3;  and 
Slierriugton,  i^w/.,  14,  256. 
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anthropoid  apes,  these  long  tracts  are  more  conspicuous  and  form 
A  Urger  percentage  of  the  total  area  of  the  cord.  A  physiological 
eorolkn'of  thL*  conclusion  should  Ijethat  in  iiiau  the  independent 
tctiviiy  of  the  cord  is  less  marked  than  in  the  lower  vertebrates, 
and  ihti  deduction  is  Iwmc  out  by  facts  (st»e  p.  13S). 

S^cific  Designatioa  of  the  Long  Spinal  Tracts. — The  tracts 
thai  are  most  satisfactorily  detennined  for  the  human  spinal  cord 
an  indicated  schematically  in  Fig.  70. 

Thry  are  named  as  follows:  In  the  pasterior  column, 

1.  The  tract  or  column  of  Goll — fasciculus  gracili.'^. 

2.  The  tract  or  column  of  Bunluch — fa^iciculiis  cuueatus. 


t(F 


ff 


>f 


/ 


He.  70.— Srhemm  of  th«  tracts  in  the  spinal  oonl  (KnUiJt-pr):  0.  Tract  of  Goll :  6.  trnci 
fi^tuSatkk'.^pt,  (Tosed  pynuouial  tract:  vd,  <iiiTct  pyramitUl  trmct;/.  true!  of  FleebmR: 


r.UMlof 


'cSwi 


In  the  lateral  column, 

1,  The  eroesed  pyramidal  tract,  also  known  as  the  lateral 
pyTBinidal  tract  or  the  fasciculus  cerebrospinalLs  lateralis. 

2.  Flechsig's  tract,  known  also  as  the  direct  cerebellar  tract, 
Loerebellar  tract,  or  the  fasciculus  cert^l>ellospinalLs. 

s's  tract,  known  aLsr>  as  the  ventral  cereljellar  tmct 
nrthp  fasciculus  anterolateralbi  superhcialis. 

4,  The  anterolateral  ground  bundle,  made  up  chiefly  of  short 
aaaociatbn  iil^ers. 

In  the  anterior  columns, 

1.  The  direct  pyramidal  tract,  known  also  as  the  antexior  pyram- 
idal tract  or  the  fasciculus  cerebrospinalLs  anterior. 
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Of  these  tracts,  those  of  BurtJach  and  Goll,  Flechsig  and  Gowera, 
represent  ascending  or  sensory  paths,  while  the  direct  and  the 
crossed  pyramidal  tracts  fomi  a  related  descending  or  motor  path. 
It  will  be  convenient  to  describe  first  the  connections  and  physio- 
logical significance  of  these  tracts  and  then  refer  to  the  newer  work 
concerning  le^  definitely  established  ascending  and  de.'^cending 
paths. 

The  Termination  in  the  Cord  of  the  Fibers  of  the  Posterior 

Root. — All    sensory     tillers 
^6    f  fnmj  the  limbs  and  trunk 

enter  the  cord  through  the 
posterior  roots.  Inasmuch 
as  these  roots  are  superti- 
cialh'  connected  with  the 
posterior  columns,  the  older 
observers  naturally  sup- 
jMJsed  that  these  columns 
form  the  pat  hway  for 
senson'  impulses  in  the 
cord.  That  this  suppoal- 
tion  is  not  entirely  cor- 
rect was  proved  by  experi- 
mental physiology'.  Section 
of  the  posterior  columns 
causes  little  or  no  obvious 
loss  of  sensations  in  the 
parts  below  the  lesion. 
Histological  invest  igat  ion 
has  since  shown  tlmt  only 
a  portion  of  the  fil)ers  en- 
tering th rough  the  posterior 
root  continues  up  the  cord  in 
the  posterior  column;  some 
and  indeed  a  large  projwr- 
tion  of  the  whole  numl>er 
enter  into  the  gray  matter 
and  end  around  tract  cells, 
whence  the  path  is  con- 
tinued upward  hy  the  axons  of  these  latter  cells  in  the  lateral  or 
anterolateral  cohmmA.  The  .several  ways  in  which  the  iX)sterior 
root  filjers  may  end  in  the  cord  are  indicated  in  Fig.  71. 

The  posterior  roots  contain  fibers  of  different  diameters  and 
those  of  smallest  size  (1)  are  found  collected  into  an  area  known 
as  the  zone  of  Lissauer,  lying  between  the  i>f*ripherA"  of  the  cord 
and  the  tip  of  the  posterior  horn.     These  fillers  enter  the   gray 


lYc.  71. — Schema  to  f^ow  th*  terminntiiina 
'"^1  «nt«riiiK  fibers  of  the  porttehor  mot:  I. 

J  tnleririK  sone  of  LUttauer  und  taniiktmtiiie 

in  pontttfior  born;  2,  tXver  ferminating  uniuixi  u 
tract  oetl  whom  axon  pawe^  into  white  coJuinn  >jr 
flame  suto;  3,  fiber  tenDinatuig  around  n  trurc  cell 
whose  axon  paiiaea  lo  oppaiiLe  Huln  (e<)mmL<^urat 
oell):  4.  fiber  terminaUjig  arountj  m"t>*r  cell  **i 
anterior  horn  (reflex  arc);  5.  fiber  tcrrntnating 
in  tract  cell  »f  column  of  Clarke;  6.  fiber  (exog- 
enous) pa?«»intf  upward  in  posterior  ooluoin  to 
tenninate  in  the  medulla  obloucata. 
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diiefl\'  in  the  posterior  horn  of  the  same  side  and  end  around 
tact  oeDs.  The  larger  fibers  of  the  root  lying  to  the  median  side 
fall  into  two  groups:  Those  lying  laterally  (2, 3, 4)  enter  the  gray 
matter  of  the  posterior  horn  and  end  in  tract  cells  (2)  whost*  axons 
MP  distributed  to  the  same  side  of  the  cord,  or  in  tract  cells  whose 
Axoos  (3)  pass  txi  the  other  side  through  the  anterior  white  com- 
minurey  or  in  the  motor  cells  of  the  anterior  horn,  thus  making  a 
typical  reflex  arc,  Some  of  the  fibers  of  this  group  may  also  pass 
tlmugh  the  posterior  gray  conunissure,  to  end  iu  the  gray  matter 
c(  the  opposite  side.  The  larger  fibers  lying  nearest  to  the  median 
tu  enter  the  colunm  of  Burdach  ami  run  forwartl  in  the  cord, 
aome  of  them  (6)  continuing  upward  to  the  medulla,  and  some  of 
tlicm  (5),  after  a  shorter  course,  turning  into  the  gray  matter  to  end 
in  the  cells  of  the  column  of  Clarke.  The  axons  of  the  cells  in  the 
»hitnn  of  Clarke  in  turn  pass  out  of  the  gray  matter  to  constitute 
the  ascending  path  in  the  lateral  column  known  as  the  dorsal  cere- 
belkr  (Hechsig's)  tract. 

This  general  outline  of  the  mode  of  ending  in  the  cord  of  the 
fliers  of  the  posterior  root  L<  complicated  further  by  the  fact  that 
ihtisp  fibers  are  supposed  to  give  off  collaterals  after  entering  the  cord. 
The  course  of  the  typical  filler  in  the  (posterior  root  Ls  represented 
i&  Rg.  62.     According  to  this  diagram,  the  root  fiber  after  entering 
tbe  ooni  makes  a  Y  or  T  division,  one  brancli  passing  downward 
or  posteriorly  for  a  short  distance,  the  other,  longer  division  patting 
tqiwmnl  or  anteriorly.     Each  of  these  main  stems  may  give  off  one 
lateral  branches,  sensory'  collaterals.     A  main  stem,  thcre- 
ich  runs  upward  in  the  column  of  Hurdach  (6)  to  terminate 
in  the  medulla  oblongata  may  give  off  collaterals  at  various  levels 
which  terminate  in  the  gray  matter  of  the   cord,  t*ither  around 
timet  celln  or  arc»und  the  anterior  root  cells,  forming  in  the  latter 
Cttee  a  simple  reflex  arc.     The  existence  of  collaterals  u|xm  the  root 
fibers  within  the  cord  has  been  demonstrated  in  (he  human  cm- 
hryOf  but  w"e  liave  little  ejcact  information  concerning  their  numeri- 
cal value  in  the  a<^lult.     The  schema  given  in  Fig.  71  must  then^fore 
be  aeeepted  as  an  entirely  diagrammatic  representation  of  the  chief 
pnanihilitin  of  the  mode  of  ending  of  the  fibers  of  the  posterior  root 
bjr  way  of  their  collaterals  as  well  as  by  way  of  the  main  stems. 

Ascending  (Afferent  or  Sensory)  Paths  in  the  Posterior 
Columns. — The  posterior  columns  are  comjxjsed  partly  of  fibers 
vcd  directly  from  the  posterior  roots  (6  in  schema)  and  arising, 
ttcucfofe,  from  the  cells  in  the  posterior  n>ot  ganglia,  and  partly 
ffom  fibers  that  arise  from  tract  cells  in  the  gmy  matter  of  the  cord 
iuelf.  It  is  convenient  to  speak  of  the  former  group  as  exog- 
fibera,  using  this  term  to  designate  ner\'e  fibers  which 
from  cells  placed  outside  the  cord;  and  the  latter  group  as 
11 
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endogenous  fibers — that 

4^^^  Cervical 


T^Donal 


Jt^  Lu/nhar 


tS^JMiliar 


Fig.  72. — DUicrnm.i  to 
•how  rnursp  of  upward  do- 
genemtion  of  fllx-n  of  jKMte* 
nor  cnluiiiUfl  ufter  flerlion  of 
B  cumber  nf  pru-^tcrior  roots 
of  the  rierve.1  furming  tb« 
lumb'inacnU  plexus. — \Mott.} 
It  will  be  noted  thAi  in  the 
cervicoJ  rcfl^ona  the  degener- 
»t«d  area  u»  coafined  to  the 
oolumo  of  OoU. 


isf  fibers  that  have  their  cells  of  origin  in 
the  gray  matter  of  the  cord.  If  we  omit 
a  consideration  of  their  collaterals  the 
course  of  the  exogenous  fibers  is  easily 
understood.  They  come  into  the  cord  at 
every  f>osterior  root,  enter  into  the  col- 
umn of  Burdac-h,  and  pa,ss  upward.  The 
fibers  of  this  kind  that  enter  at  the  lower 
regions,  sacral  and  lumbar^  are,  however, 
gradually  puwhed  toward  the  median  line 
by  the  exogenous  fibers  entering  at  higher 
levels,  so  that  in  the  npjx^r  thoracic  or 
cervical  regions  the  columns  of  Goll  are 
composed  mainly  of  exogenous  fil>ers  that 
have  entered  the  cord  in  the  lumbar  or 
sacral  region.  These  fibers  continue  up- 
ward to  end  in  two  groups  of  cells  that 
lie  on  the  dorsal  side  of  the  medulla 
oblongata  and  are  known,  respectively, 
as  the  nucleus  nf  the  fascictilus  gracilis  (or 
nucleus  of  UoU)  and  the  nucleus  of  the 
fasciculus  cuneatus  {or  nucleus  of  Bur- 
dach) .  Their  pat  h  forward  from  the 
medidia  Is  continued  by  new  neurons 
arising  in  these  nuclei,  and  will  be  de- 
scriljed  later.  The  course  of  these  filjers 
in  tlie  cord  may  be  shown  beautifully 
by  the  method  of  secondar>*  degeneration. 
If  one  or  moix*  of  the  posterior  roots  of 
the  (unihitr  spinal  nen'es  are  cut,  or 
better  still  if  the  posterior  cohmms  are 
severed  in  this  region,  the  degeneration 
will  affect  the  exogenous  fibers  through- 
out their  course  to  the  medulla,  and  it 
will  lie  seen  that  in  the  cervical  rpgion  the 
degenerateil  filx^rs  are  grouped  in  the 
area  of  the  column  of  Goll  (see  Fig.  72). 
The  entlogenous  fibers,  so  far  as  they  are 
ascending,  represent  afferent  paths  in 
which  two  or  more  neurons  are  con- 
cerned. The  posterior  root  fibers  con- 
cerned in  these  paths  end  in  the  gray 
matter  of  the  cord  and  thence  the  con- 
duction is  continued  by  one  or  more 
tract  cells.     The  conduction  bv  this  set 
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I  of  fiben  may  be  on  the  same  side  of  the  cord  as  that  on  which  the 
I  not  fibefB  entered,  or  it  may  be  crossed,  or  using  a  convenient 
H  terminology  it  may  be  homolateral  or  contralateral.  The  physio- 
B     Iqric&l  value  of  the  ascending  fibers  in  t  he  jMisterior  columns  ha.s  been 

■  investigated  by  a  large  nunil>er  of  observers.     The  physiologists 

^have  employed  the  direct  method  of  cutting  the  cohmins  in  the 
thomeic  or  lumbar  region  and  obser\'ing  the  effect  upon  the  sensa- 
iBBqf  the  parts  l)clow  the  lesion.  The  positive  residls  of  these 
■gnsents  have  been  tiiflieult  to  interpret.  Most  of  the  older 
observers  found  that  there  was  no  detectable  change  in  the  sensa- 
Itions  of  the  parts  below,  but  they  paid  attention  only  to  cutaneous 
iNMtion.s.and  indeed  chiefly  to  the  serLse  of  pain.  Later  obserx'ers* 
^ve  differed  aL«o  in  their  description  of  the  effects  of  t!iis  ojx^ralionj 
bat  most  of  them  state  that  the  animal  shows  an  awkwardness 
or  lack  of  skill  in  the  movement's  of  the  hind  linilxs,  esjxjcially  in 
Ibe  finer  movements,  and  this  effect  Ls  interpreted  to  mean  tliat 
Itkere  15  flome  loss  of  muscle  sense.  This  conclusion  is  strength- 
cneii  by  the  rpvsults  of  pathological  anatonn-.  In  the  disease  known 
as  tabc9  dorsalis  the  posterior  columns  of  the  cord  in  the  luinhar 
repon  are  afifected  and  the  striking  symptom  of  this  condition  is 
aa  interference  with  the  power  of  co-onliaating  proj)erly  the  move- 
aratiiof  the  lower  limbs,  particularly  in  the  act  of  maintaining 
body  e(|uilibrium  in  standing  and  walking, — a  condition  known 
ast  Ineninotor  ataxia.  So  far  as  the  cutaneous  seiL^Hti^ms  are  eon- 
oemed. — that  is.  the  sensations  of  touch  (pressure),  pain,  and  tem- 
perature,— all  observers  agree  that  the  two  hitter  an*  not  affected, 
while  regarding  touch  opinions  have  differed  radically.  St'hiff 
contended  that  touch  sensations  are  detectable  as  long  as  these 
ffrflimrw  are  intact  and  are  seriously  interfert^d  with  when  they  are 
aeciiooed;  but  most  of  the  results,  pathological  and  exfjerimental, 
bdieate  that  when  the  continuity  of  thes<:'  fibers  Ls  destroyed  the 
■eoseof  touch  U  still  present  in  the  parts  supplied  by  the  cord  below 

IUie  levion.  To  summarise,  therefore,  we  may  say  that  the  evidence 
at  hand  prove*  that  the  ascending  fibers  of  the  posterior  colunm 
do  not  convey  impulses  of  pain  or  t<>mperature,  that  if  they  convey 
any  touch  (pressure)  impulses  they  certainly  do  not  form  the  only 
path  of  conduction  for  this  sea^,  and  that  most  proliably  their 

■  ehiel  funetion  is  the  conduction  of  imptiLses  of  muscle  sense, — 
K^bU  ii,  they  consist  of  sensor}'  fillers  from  the  voluntary  muscles. 
BBp^  muscle  sensations   thus  aroused  in  the  higher  parts  of  the 

btain  are  necessary  to  the  proper  co-ordination  of  the  movements 
o#  the  musclei*.  Injur\'  to  these  columns,  therefore,  while  it  does 
not  csuae  paralysis,  is  followed  by  disorderly — that  is,  ataxic — 


•  Borchert.  '*Archiv  f.  Phvsiolojrio." 
**io«in*l  of  Physiology."  14.  255,  1893. 


1902.  389.     See  alao  Sherrington, 
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movements.  On  the  histological  side  it  has  been  showTi,  as  stated 
above,  that  the  filnTy,  particularly  the  exogenous  fibers,  end  in 
nuclei  of  the  medulla  ami  theiire  are  continued  forwanl  by  the  great 
sensory  tract  known  as  the  **  fillet.*'  to  end  eventually  in  that  part 
of  the  cortex  of  the  cerebrum  tlesignated  as  the  area  of  the  body 
senses. 

Ascending  (Afferent  or  Sensory)  Paths  in  the  Lateral 
Columns. — The  two  liest  known  ascending  tracts  in  these  column.s 
are  those  of  Flechsig  and  of  Gowers.  The  FlecLsig  bundle  or  dor- 
sal cerebellar  tract  takes  its  origin  in  the  upper  lumbar  region, 
and  is  composed  of  axons  connected  with  the  tract  cells  of  Clarke's 
column.  The  impulses  which  its  fibers  convey  are  brought  into 
the  cord  lliroug!i  those  lilx^i^s  of  the  [XKsterior  root  that  end  around 
the  cells  of  darkens  column.  A  number  of  the  fibers  in  this  col- 
umn end  doubtless  in  the  gray  matter  of  the  upper  regions  of  the 

cord,  but  most  of  them  con- 
tinue upward  on  the  same  side, 
enter  the  inferior  jiecJuncle  of 
the  cerebellum,  and  terminate 
in  the  posterior  and  median 
portions  of  the  vermiform  lobe, 
mainly  on  the  same  side,  but 
partly  also  on  the  opposite 
side.  The  tract  of  Gowers, 
situated  ventrallv  to  Flechsig's 
bundle  (j/r,  Fig.  70),  may  ex- 
tend fonvard  into  the  anterior 
columns  along  the  periphery 
of  the  cord.  The  two  bundles 
may  be  more  or  less  intermin- 
gled at  the  points  of  contact. 
This  tract  l>ogins  also  in  the 
upjier  lumbar  region,  its  fibers  arising  from  tract  cells  on  the  same 
side  situated  in  the  anterior  horn  antl  the  intermediate  portions  of 
the  gray  matter.  Many  of  the  fibers  in  this  tract  doubtless  termi- 
nate in  the  cord  itself,  since  the  bundle  docs  not  increase  regtdarly  in 
size  as  it  pa.s.ses  up  the  cord.  Most  of  the  bundle  continues  forward, 
however,  along  the  ventral  side  of  the  pi>ns,  gradually  shifts  more 
to  the  dorsal  side,  and  at  the  level  of  the  superior  peduncles  of  the 
cerelwllum  turns  backward,  for  the  most  part  at  least,  and  passes 
to  the  cerebellum  by  way  of  the  superior  pexluncles  and  the  valve  of 
Vieusscns,  to  end  in  the  vermiform  lol>e  chiefly  on  the  same  side, 
but  to  some  extent  on  the  opposite  side*  (Fig.  73).     Regarding 

♦  For  the  literature  upon  these  tracts  see  Van  Gehuchten,  "Le  N^vraxe," 
3,  157.  1901. 


^^Jlfffve 


Fig.  73-  —To  (thow  the  course  of  tba  fibers 
of  the  cerebellur  (racta  of  the  cord  {McU)\ 
vM.e.t  ventral  tmct  (Gowen«) ;  d.a.c,  dor- 
sal tract  (Flechdifc);  t.v..  superior  vortnU; 
P.C.Q.,  pcMterior  coipora  quadrieemina- 
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I    Chs  physiolog>'  of  *.hese  two  tracts  there  is  little  experimental 
I     and  lese  clinical  evidence.     Some  observers  have  cut  the  tract  of 
i      Fbchsig  in  animals,  but  with  no  very  obvious  effect  except  again 
ft  sfight  degree  of  ataxia  in  the  movements  below  the  lesion.    This 
I     mult  together  with  the  fart  that  tht*  bumllc  ends  in  the  cerehelhim 
!     givw  reason  for  believing  tliat  the  fibers  mediate  nm^cuiar  sen- 
sibility.    As  we  shall  see,  much  evidence  of  every  kind  cf)nuect8 
tlie  cerebellum  with  the  co-ordination  of  the  musclew  of  the  \yody 
in  ihe  complex  movements  of  standing  and   locomotion.     This 
power  of  co-ordination  in  turn  depends  ui>on  the  sensory  impulses 
from  the  mui?cles,  and  since  the  fil>ers  of  the  tract  of  Flechsig  end 
in  the  cerebellum,  and  since  experimental  lesion  of  them  gives  no 
km  of  cutaneous  sensibility  and  some  degree  of  ataxia,  it  seems 
jitftifiable  to  conclude  that  these  fibers  are  physiologically  muscle- 
aenee  fibers.     The  tract  of  Cowers  has  not  been  the  siibject  of  much 
experimental  study  from  the  physiological  side.     Clinically  the  tract 
amy  be  involved  in  pathological  or  traumatic  lesions  of  the  lateral 
columns,  and  Cowers*  himself  gives  a  history  of  some  such  cases 
which  lead  him  to  believe  that  this  tract  constitutes  a  pathway  for 
pain  impulses.     Little  confidence,  however,  can  be  placed  in  this 
eoDclusion,  since  the  lesions  in  question  were  not  confined  to  the 
eolmnn  of  Gowers,  but  involved  neighboring  regions  and  the  gray 
BBtt^^r.     The  only  positive  indication  that  we  have    concerning 
tlie  physiological  value  of  these  fil)ers  is  given  by  their  histology-  in 
the  fact  that  they  end  in  the  cerel>ellum.     This  fact  would  connect 
tbem  with  the  co-ordination  of  the  muscles  in  movements  of  equili- 
bfmticjn,  and  would  therefore  make   tliem  (ilx»rs  of   muscle   sense. 
It  viould  seem,  therefore,  that  all  the  long  ascending  tracts  in  the 
posterior  and  lateral  columns  of  the  cord  are  made  up  of  fibers  of 
musde  sense.     The  inunense  importance  of  muscular  sensibility  in 
tbe  maintenance  of  life  and  in  defease  against  enemies?  may  explain, 
upon  the  doctrine  of  the  stniggle  for  existence,  why  the  long  paths 
thouid  have  l)een  rieveloped  first  in  connection  with  this  sense. 

The  Spinal  Paths  for  the  Cutaneous  Senses  (Touch,  Pain, 
and  Temperature). — From  the  facts  stated  in  the  last  paragraph 
it  follows  that  the  spinal  paths  for  touch,  pain,  and  lemjx^rature 
most  be  along  the  short  association  tracts  of  the  gnmnd  bundles 
ol  the  lateral  and  anterior  columns.  There  is  evidence  from  the 
^*«"««»^l  side  that  the  paths  of  conduetion  for  these  senses  are  sep- 
ante.  In  the  pathological  condition  known  as  syringomyelia  cavi- 
ties are  formed  in  the  conl  affecting  chiefly  the  central  gray  matter 
and  the  contiguous  portions  of  the  white.  In  these  cases  a  frequent 
fyioptoffn  is  what  is  known  as  the  dissociation  of  sensations;  the 
patient  loses,  in  certain  regions,  the  sensations  of  pain  and  tempera- 
♦  Gowers,  "Lancet."  1886. 
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ture  (analgesia  anti  thcmio-anesthesia),  but  prcscn'cs  that  of 
pressure  (touch).  Facts  of  this  kind  imlicate  that  the  paths  of 
conduction  for  touch  are  separate  from  thasc  for  pain  and  tempera- 
ture, but  little  that  Is  positive  is  known  regarding  the  exact  location 
of  these  paths.  The  fibers  of  pain  and  temperature  probably  end 
in  the  gray  matter  of  the  cord  (jiOHterior  horn)  soon  after  their 
entrance,  and  the  path  is  continued  upwartl  bj'  tract  cells  whose 
axons  enter  the  ground  bundles  in  the  lateral  or  anterolateral 
columns.  But  the  number  of  such  neuroas  concerned  in  the  con- 
duction as  far  as  the  medulla  is  not  known,  lieganling  the  path 
for  the  touch  impulses  a  singular  amount  of  imcertainty  prevails. 
This  sense  is  not  lost  in  case^  of  syrLngom^'clia  in  which  the  other 
cutaneous  senses  are  affected.  On  the  other  hand,  the  {x)st^rior 
columns,  as  we  have  seen,  may  be  completely  sectioned  in  lower 
animals  without  destroying  or,  indeeti,  alTeeting  the  sense  of  touch, 
and  in  the  case  of  man  extensive  pathological  lesions  of  the  same  col- 
umns are  reported  in  which  the  sense  of  touch  was  not  lost.  Some 
authors,*  thtTeforc.  have  been  led  to  lielieve  that  the  touch  im- 
pulses may  be  conveyed  up  the  cord  by  several  paths:  by  the 
long  association  fibers  of  the  jxjsterior  columns  and  by  the  short 
association  filjers  of  the  lateral  columns.  8uch  a  view  receives  no 
support  froni  the  exjxjrimcntal  work  on  the  lower  mammals.  In 
these  animals  the  evidence  tends  to  show  that  the  conduction  is  by 
way  of  the  lateral  or  anten^lateral  columnw,  by  means  of  tract  cells 
and  short  associntion  tracts.  I'he  fact  that  in  man  the  clinical  evi- 
dence seems  to  jKiint  to  the  jxisterior  cohimns  as  a  possible  or  indeed 
probable  path  for  these  fibers  may  serve  lu  exemj^lify  the  fact  that 
hi  tlicHC  matters  the  various  rnxmimalia  differ  mort^  or  less  according 
to  the  degroe  of  (heir  dcvelopmeiit.  It  may  be  that  in  man  long 
paths  for  the  touch  hlxjrs,  by  way  of  the  posterior  column,  have 
been  acrjuired  in  part. 

The  Homolateral  or  Contralateral  Conduction  of  the 
Cutaneous  Impulses. — (treat  interest,  from  the  medical  side^ 
has  been  shown  in  the  question  of  the  crossed  or  uncrosw^i  con- 
duction of  the  cutaneous  impuWs  in  the  cord.  The  matter  is 
naturally  one  of  im]>ortanee  in  diagnosis.  In  human  beings  it 
was  jwiinted  out  by  lirown-Sdquardt  that  unibtenil  lesioas  of  the 
cord  are  followed  by  muscular  pambsLs  i>ehAv  on  the  same  side 
and  loss  of  cutaneous  sensibility  on  the  opposite  side.  This  syn- 
drome has  been  held  clinically  to  establL^h  the  diagnosis  of  a  uni- 
lateral lesion,  and  htis  led  to  the  view  that,  whili-  the  conduction 
of  the  motor  impulses  is  homolateral,  that  of  the  sensorv  in)j>ulses 
is  contralateral.     Experimental  work  on  lower  animals,  on  the  coa- 

*  Oppenheim,  "Archiv  f.  Phvsiologie,"  1899,  suppl.  volume,  3. 

t  Brown-S^uard,  "Journal  *dc  Physiologic,"  6,  124,  232,  681,  1863, 
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IfiT)',  has  not  supported  this  view.     While  results  in  this  direction 
have  vftriwi,  us  would  be  cxjxjcted  from  the  intrinsic  difficulties 
flnoected  with  the  interpretation  (jf  the  stuisalionsof  an  animal,  the 
pneml  t»utc(>ine  has  l>een  to  ishow  tlmt  the  .senwr>'  conduction  is 
bilateral,  but  mainly  on  the  same  side.    Tliat  Ls,  if  the  coni  is 
cut  on  one  side  only  (heraisecteii]  in  the  thoracic  region,  the  sensi- 
bility of  the  part.^  supplied   l^low  the   lesion  is  impaired  iif>nn  the 
KUiie  bide,    but    not    completely   al>()U>lietl,  sh(*vving   thai    some 
croeEinK  has  taken  place.*     It  is  pojvsilde  that  thi.s  cros^sing  Ls  more 
complete  in  man  than  in  the  lower  animals,  although  later  studies 
in  HMin  of  unilateral  lesions  of  the  cord  (Brown-Sequard  paralysis) 
indicate  that  the  contralateral  loss  of  cutaneous  sensibility  affects 
chiefly  the  senses  of  pain  and  tempt^rature;  the  loss  of  touch  is  not 
complete,  and  muscular  sensibility  is  affected  oidy  on  the  same 
«de.    On  the  whole,  it  would  seem  that  the  crossing  of  the  sensory 
^,^thtrs  in  the  cord  is  only  partial,  and  is  more  extensive  in  man 
^■jban  in  the  lower  animals.     'I  his  partial  crossing  Ls  probably  com- 
Hpleteil  in  the  brain,  especially  in  the  great  sensory  decussation  in 
the  medulla. 

The  Descending  (Efferent  or  Motor)  Paths  in  the  Antero- 
lateral Column.— The  main  descending  path  in  the  cord  Ls  the 
pj'ramiiial  system  of  hbcrs.  In  man,  as  shown  in  V'lg.  70,  there 
arc  two  fascicuU  belonging  to  this  sj-stem. — the  direct  and  the 
erosBed  pyramidal  tracts.  Both  tracts  arise  from  the  anterior 
pyimmitLs  on  the  ventral  face  of  the  medullar  wtience  the  name  of 
the  pyranuiJal  system.  At  the  junction  of  the  medulla  and  cord 
ibr  fil>ers  of  the  pyramids  dt'cussate  in  part,  forming  a  conspicuous 
feamre  of  the  internal  stnicture  at  this  p«jint  known  as  the  pyram- 
kial  decussation.     According  to  the  general  schema  of  this  decus- 

r~  JBtirm  (see  Fig.  74),  the  larger  number  of  the  fibers  in  the  pyramid 
Xf  one  side  j>a»s  over  to  form  the  crossed  jyvramidal  tnict  of  the 
other  side  of  the  cord  (4,  5),  while  a  smaller  jmrt  (3)  continues? down 
on  the  same  side  to  form  the  direct  pyramidal  tract.  Eventually, 
honncx-er,  these  latter  filjcrsalso  cross  the  mitl-hne  in  the  anterior  white 
eommisBure,  not.  however,  all  at  once,  as  at  the  pyramidal  deeussa- 
Uoa,  but  some  at  the  level  of  each  spinal  nerve.  These  pymnddal 
fibers  have  their  origin  in  the  cortex  of  the  cerebral  hemispheres  in 
Iv^ee  pyramidal  cells;  some  of  them  cross  the  mid-line  before  reach- 
ing the  medulla  to  end  around  the  cells  of  (*ri^in  of  the  cninial 
lierres;  but  the  greater  numl)er  continue  into  the  rord  and  after 
crossing  the  mid-Unc  in  the  pyramidul  decussation  or  in  the  anterior 
white  commissure  terminate  around  the  motor  celb  of  the  anterior 
borWr  which  give  rise  to  the  motor  roots  of  the  spinal  ner\'efl. 
Both  tracts,  the  crossed  and  the  so-eallcd  direct,  continue  through- 

•  Mnit.  "Bruin/"  1S05.  I. 
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out  the  length  of  the  cord,  diminishing  in  area  by  the  way  as  some 
of  their  fillers  terminate  in  each  segment.  This  system  of  fibers 
18  supposed  to  represent  the  mechanism  for  effecting  voluntar>^ 

movements,  and  according  to  the 
general  schema  the  voluntary  motor 
path  from  cerebrum  to  muscle  com- 
prises two  neurons, — the  pyramidal 
neuron  and  the  spinal  or  the  cranial 
neuron.  Moreover,  as  represented 
in  the  schema,  the  innervation  is 
crosseii,  the  right  side  of  the  brain 
controlling  the  musculature  of  the 
left  side  of  the  Ixxly  and  rice  versa. 
As  we  shall  see,  however,  when  we 
come  to  study  the  motor  areas  of 
the  brain,  this  nile  has  iuiportant 
exceptions,  and  histologically  there 
is  proof  that  some  of  the  fibers  in 
each  pyramid  {2  in  Fig.  74)  con- 
tinue into  and  terminate  in  the  cord 
on  the  same  side.  The  pyramidal 
S3'stcin  varies,  in  an  interesting  way, 
in  the  extent  of  its  development 
among  the  different  vertebrates. 
It  reaches  its  highest  development 
in  man  and  the  anthropoid  apes. 
In  the  other  mammalia  it  b.  rela- 
tivelv'  less  important  and  the  direct 
tract  in  the  anterior  columns  is 
lacking  altogether.  In  the  birds 
what  represents  the  same  system 
is  found  in  the  anterior  columns 
(Sandmeyer),  while  in  the  frog  the 
system  does  not  exist  at  all. 

The  relative  importance  of  the 
system  in  the  different  mammalia 
is  indicated  in  the  accompanying  table  taken  from  Ix^nho.ssek,* 
in  which  the  area  of  the  pyramidal  system  is  gi\'en  in  jjercentage 
of  the  total  cross-area  of  the  cord : 


/•' 


Fig.  74. — Schema  repreaenting 
Um  ooune  of  the  flben  of  the  pyram* 
idal  tnuit ;  1,  Fibers  to  the  nuclei  of 
the  orani&l  nerve;  2.  uiicn>ai»cil  fibers 
to  the  lateral  pyrain'niul  tract;  3,  fi- 
bers to  tlio  anterior  pyramidal  tract 
crowng  ill  the  curd;  4  an<J  fi,  fibers 
that  eroM  in  the  pyramidal  dectuea- 
tion  to  make  the  lateral  pyramidal 
Iraet  of  the  opposite  side. 


Mouse 1.14  percent. 

Guinea  pig 3.0  " 

Rabbit 5.3 

Cat 7.76 

Man 1 1 .87 


*Lenhos6ek,  "Bau  des  Nervensystema/'  second  edition,  1895. 
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Evideatly,  therefore,  the  importance  of  the  pyramidal  system 
rariftt  in  different  animals,  and  it  Is  necessary  to  bear  this  fact 
bniind  in  applying  the  results  of  experiments  on  the  lower  animab 
to  man.  In  the  lowest  vertebrates  there  are  imdoubt^dly  motor 
pititt between  the  brain  and  cord  through  which  so-called  voluntary 
iD0TMiient8  are  effected,  but  these  are  pmbably  short  paths  in- 
volving a  numl)er  of  neurons.  The  higher  the  j>osition  of  the 
Aoimal  in  the  phylogenetic  scale,  the  more  complete  is  the  develop- 
meot  of  the  long  pyramidal  system;  but  even  in  the  higher  mani- 
fflib  it  is  probable  that  the  more  primitive  mode  of  motor  con- 
oeetion  between  brain  and  cord  Ls  not  enurely  displaced  by  the 
oi}lution  of  the  pyramidal  system. 

Less  Well-Known  Tracts  in  the  Cord, — In  addition  to  the 
inrts  just  described  there  are  a  numljer  of  others — mainly,  descend- 
iniE  tracts — concerning  which  our  anatomical  knowledge  is  less  com- 
jilete,  and  the  physiological  value  of  whi(^h  is  entirely  unknown  or 
at  best  is  a  matter  of  inference  from  the  anatomical  relations.* 

Dtscmding   Tracts    in  the    Posiiriar  Cdumn — Comma  Tract; 
(h*a!  Field. — In  the  posterior  columns  several  tracts  of  descending 
fibers  have  been  de«cribe<:i.     The  comma  tract  of  Schultze.  «.,  Fig. 
75,  Is  found  in  the  cen'ical  and  the  upper  thoracic  cord.     The 
boadle  lies  at  the  border-line  between  the  columns  of  Goll  and 
Burdach.     In  the  lower  regions  of  the  cord,  lumbar  and  sacral, 
similar  small   areias  of    descentling   filx^rs    are   found — oval   field 
(Fkdtmg),  median  triangle  (Gombaultand  Phihppe) — which  repre- 
sent possibly  different  s>*st«ms.     It  is  probable  that  these  fillers 
bdong  to  the  group  of  long  as^>ciation  fibers  connecting  distant 
portions  of  the  cord.     Nothing  is  known  reganling  their  pliysiology. 
Descending  Tracts  mtfie  Anterolateral  Column. — The  prepyram- 
kfaU  tract,  known  also  as  Monakow's  bundle,  the  fasciculus  inter- 
mediolateralis,  or  the  rubrospinal  tract,  is  a  conspicuous  bundle 
foreung  a  wedge-shaped  or  triangular  area  in  the  lateral   columns 
ipp.f  Fig.  75)  between  the  crossed  pyramidal  tract  and  the  tract 
of  Gowers.     The  filers  composing  this  bundle  are  d**scending  fi!:)ers 
that  take  their  origin  in  the  midbrain  in  the  cells  of  the  red  nucleus. 
Sbortly  after  their  origin  they  cross  to  the  opposite  side,  and  passing 
through  the  pons  and  medulla  enter  the  spinal  cord  in  the  lateral 
columns,  in  which  they  may  l^e  detected  as  far  as  the  sacral  region. 
It*  fibers  terminate  around  cells  lying  in  the  jX)sterior  jjart  of  the 
anterior  horn  of  gray  matter  whose  axons  in  turn  probably  emerge 
through  the  anterior  roots.     This  tract,  therefore,  constitutes   a 
croawd  motor  path  from  midbrain  to  the  anterior  roots,  and,  since 
the   ped  nucleus  in  turn  is  connected  with  the  cerebrum,  it  may 

•Collier  and  Buxiard.  "Brain."   1901,  177;    and  Fnuier,  "Journal  of 
ThjwMogy,"  2S,  306,  1902. 
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represent  a  cortico-spinal  motor  path  in  addition  to  that  offered 
by  the  pyramidal  system. 

The  vestibnlo-spinal  fibers,  v.8.,  lie  anterior  to  the  preceding  tract 
in  the  anterolateral  ground  bundle;  they  may  extend  into  the 
anterior  colunin  as  far  as  the  direct  pyramidal  tract.  Thesse  fibers 
originate  in  the  nucleus  of  Deiters  and  pcrhap.^  in  the  vestibular 
nucleus  of  Bechterew  in  the  pons.  In  the  coni  the  fibers  end  around 
cells  in  the  anterior  horn.  Since  the  Deiters  nucleus  forms  a  termina- 
tion for  the  sen8or\'  fibers  of  (he  vestibular  branch  of  the  eighth 
cranial  nenT,  and  since  these  fiberij  are  l)elieved  to  give  us  a  sense 

of  the  p<jhition  of  the  body 
and  to  be  concerned  in  the 
reflex  adjustment  of  the 
muscles  in  the  movements 
to  maintain  equilibrium, 
their  connection  in  Deiters's 
nucleus  with  a  ^pii^al  motor 
path  becomes  vers'  signifi- 
cant as  furnishing  a  reflex 
arc  through  which  sensory 
impressions  from  the  vc-stib- 
ular  apparatus  in  the  ear 
may  automatically  control 
the  musculature  of  the 
body.  The  ventral  longitu- 
dinal bundle  or  fasciculus 
sulcomarginalis  (tS.m.,  Fig. 
7o)  lies  along  the  border  of 
the  anterior  median  fissure. 
Its  fibers  are  said  to  origi- 
nate in  the  superior  colhculi 
of  the  ror|Kira  (]uadrigemina 
and  to  lerminate  around 
cells  in  the  anterior  horn, 
constituting,  therefore,  a 
second  motor  path  between  midbrain  and  coni.  The  anterior 
marginal  bundle,  a.m.,  lies  along  the  jx^riphery  of  the  anterior 
coluninii,  and  is  supposed  ti>  coiLsist  of  fibers  from  the  nucleus 
fastigii  of  the  cerebellum.  Helweg's  bundle  is  a  small,  triangiilar 
area  on  the  margin  of  the  cor<l  at  the  junction  of  the  anterior  and 
lateral  columns.  It  is  conspicuous  in  the  cervical  region,  and  is  said 
to  be  connected  with  the  olivar>'  body,  although  little  that  is  defi- 
nite is  known  of  its  origin  or  termination. 


€^7r^. 


-Diaf^ram    indicatins    tbo    location 
welUknowii   tructn  of   the  con.1-' 


Fig.  75 
of    tbe    Ici 

Comma  f.ract  of  Schullic;  p.p.,  th«  prepyrain 
idui  tract  (Mooakow'tt  hiintllo) ;  v-«.,  regioii  in 
which  are  f<>unti  the  fibers  of  the  vcBitbulo- 
spinai  tract:  A..  Helweg't.  bundle;  a.m..  an- 
terior tnarKinal  bundle;  «.m.,  ventral  ImiKi- 
tudinal  or  Hulcomariuiiinal  bundle;  p.  and  p.,  (lie 
(lii«ot  mod  oroseed  p>Tamldal  tracta;  /.  and  y., 
(r»ctii  of  Flechsig  and  Cowers. 


CHAPTER  IX. 

THE  GENERAL  PHYSIOLOGY  OF  THE  CEREBRUH 
AND  ITS  MOTOR  FUNCTIONS. 


From  the  time  of  Galon  in  the  second  centuiy  of  the  Christian 
en  the  bruin  has  been  recognized  as  fhp  or^an  of  intrlli^enre  and 
co^»ciou^^  sensations.     Galen  established   this  virnv   not    only   by 
fltttgmical  disset'tioa'^^  coiifiriiiini^  llu*  oldnr  work  of  the  Alcxainlrian 
•cbool  (ihini  c<;ntur\'  B.C.)  in  n-gard  to  the  origin  from  the  brain 
of  the  cranial  ner\'es,  but  also  by  niinwrous  vivisection  exj>erimcnt^ 
QpQQ  lower  animals.     All  inoifern  work  ha.s  confintio<l  this  l>elief 
fDdhtt  tended  to  show  tliat  in  theeerebnil  hemispheres  and,  indeed, 
in  the   cortex    of   gray    matter    liea    the  seat  of  consciousness. 
h  k  perhaps   still   an   open    question    as   to   the  existence  of  a 
eQllBciou!^  or  psychical  factor  in  the  activities  of  other  parts  of  the 
nerrous  system,  but  there  is  no  doubt  that  the  highest  develop- 
ment of  psychical  activity  in  man  Is  a^si)f.ijiteil  with  tlie  cortical  niat" 
ler  of  the  cerebrum.     In  the  youn^  infant  the  tiawn  of  its  mental 
pomm  is  connecte<l  with  and  dej^endent  on  the  fleveloptuetu  4if  the 
nocnuU  eortical  structure,  while  in  extreme  a^e  the  failure  in  tlie 
taoQbU  faculties  goes  lian»l  in  hand  with  an  atrophy  of  the  elements 
of  the  cortex.     If  this  cortex  were  removed  all  the  intelligence,  sen- 
«U*on.  iind  thought  that  we  recognize  as  characterizing  the  highest 
pp>'chical  life  of  man  would  l>e  dcstroyetl,  and  al*normalities  in  the 
structune  of  this  cortical  material  are  accepteii  as  the  immediate, 
OHiad  factor  of  those  perversions  m  rca.sf)ning  and  in  character 
which  Ere  exhibited  by  the  insane  or  the  degenerate.     The  cortical 
gTBj  matter,  therefore,  Is  the  chief  organ  of  the  psychical   life,  the 
IMWe  ihrotigh  whose  activity  the  objective  changes  in  the  external 
world,  so   far  a^  they  affect  our  sense  organs,  are  converted  into 
tbe  subjective  changes  of  consciousne,ss.     The  nature  of  this  reac- 
tion eonMitutcs  the  most  difficult  prrjblem  of  physiolog\'  and  ps)'- 
chology,  a  problem  whlrh  it  is  generally  believed  Is  beyond  the 
ponibility  of  a  satisfactory  scientitic  explanation.     For  it  is  held 
tbmX  the  metho<is  of  science  are  applicable  only  to  the  invest iga- 
taoa  of  the  objective — that  Ls,  the  physical  and  chemical — changes 
within  the  nervous  matter,  while  the  psychical  reaction  is  of  a  nature 
tiiat  cannot  l>e  approachecl  through  the  conceptions  or  metho<is 
of  pbvsical   science.     In  other  words,  there  is  a  phvsicoehemical 

171 


172 


PHYSIOLOGY   OF  CENTRAL  NERVOUS  SYSTEM, 


mechanism  in  the  brain  matter  which  is  capable  of  giving  us  a 
reaction  in  consciousness.  The  methutls  of  physiology'  are  adapted 
to  the  investigation  of  the  nature  of  this  mechanism,  but  the  reac- 
tion in  consciousness  deals  with  a  something  which  Is  not  matter 
or  energ}%  and  wluch^  therefore*,  is  not  within  the  seop)e  of  physio- 
logical explanation.  In  what  follows,  therefore,  attention  is  called 
only  to  the  mechanical  side, — the  facts  that  liave  l^een  discovered 
regarding  the  anatomical  structure  and  physical  and  chemical 
properties  of  the  ner\'ous  mechanism. 

The  Histology  of  the  Cortex. — ^The  finer  structure  of  the 
different  regions  of  the  cortex  has  been  the  subject  of  much  investi- 
gation^ but  in  this  connection  it  is  only  necessar>'  to  recall  the 
elementary  facts  so  far  as  they  are  useful  in  physiological  explana- 
tions. Leaving  aside  minute  differc^nccs  the  extent  (►f  which  has 
not  been  wholly  detcrniuied,  it  Ls  an  interesting  fact  that  the  cor- 
tex everywhere  has  a  similar  stnicture.  It  consists  of  four  or  five 
layers  more  or  less  clearly  distinguisluible  (see  Fig.  76): 

1.  I'he  iimlecular  layer,  lying  inimediately  beneath  the  pia 
mater,  an<l  having  a  thickness  of  al>out  0.25  nmi.  In  tliis  layer, 
in  atlrlition  to  the  supjMjrting  neuroglia,  there  are  found  a  number 
of  very  small  nerve  cells  of  several  types  lying  with  their  processes 
parallel  lo  the  surface  of  the  brahi.  The  axons  and  iJendrites  of 
these  small  cells  tenninate  within  the  layer,  so  that  they  take  no 
direct  part  in  the  fonnation  of  the  white  matter  of  the  brain,  but 
have,  so  to  speak,  a  distributive  or  associative  function.  In  this 
layer,  also,  en<l  many  of  the  dendrites  of  the  laiger  nen'e  cells  of 
the  deeper  layers  and  the  tenrnnal  arborization  f>f  entering  nerve 
fibers  (axoiLs)  from  other  regions.  It  must  be  conceived,  there- 
fore, as  containing  a  fine  felt  work  of  nerve  fibrils, — dendrites  and 
axons  or  their  collatemls, — and  as  a  region,  therefore,  in  which 
many  of  the  incoming  impulses  along  afferent  fibers  are,  so  to 
speak,  distributed  into  outgoing  ones.  On  histologiol  grounds 
Cajai  was  inclined  to  believe  that  this  layer  represents  the  location 
of  the  most  imjiortnnt  psychical  reactions. 

2.  The  layer  of  small  pyramidal  celL^  of  about  the  same  thick- 
ness as  the  last.  This  biyer  rontains  a  numlier  of  small  nen'e 
cells,  mostly  of  the  pyramidal  typ>e,  with  the  a]>ex  directed  toward 
the  external  surface.  The  dendrites  from  the  apical  process  termi- 
nate in  the  molecular  layer,  while  the  axon  arising  from  the  Ijasal 
side  of  the  cell  passes  inwardly  to  constitute  one  of  the  nerve 
fibers  of  the  medidlarj'  portion  of  the  cerebnim. 

3.  The  layer  of  large  pyramidal  cells.  This  layer,  much  thicker 
(1  mm.)  than  the  preceding,  is  not  shaq^ly  differentiaterl  from  it. 
It  contains  some  relatively  hirge  pyramidal  cells,  particukrly  in 
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the  Rolandic  area.  Their  form  and  con- 
orrti(>»>  are,  in  gt^neral,  the  same  as  those 
p^•en  for  the  small  pyrainitlal  cells. 

4.  The  layer  of   fusiform  or  polymor- 
phic ncrN'e  cell-?.     A  .small  layer  of  cells 
wbote  fomi  is  more  irrL'gular  than  tliat  of 
Uw  pyramidal  cells,  but  whose  axons  also 
pus  into  the  mcdullar>'   portion  of    the 
ocft'brum,  while   their   dendrites    stretch 
externally  into  the   layers   of   pyramitiul 
cells.     In  this  layer  are  found  also  w>me 
ocIIh   belonging   to    the    wcond    tyjw   of 
Golgi  (Martinotti  cells).      The  axis  cylin- 
der processes  from  these  latter  ceils,  in- 
stead of   l>ecoming   medullated  fibers  of 
the  white   matter  of   the  cerebrum,  pass 
toward  the   external  surface,  to  end  in 
Uke  p>Tamidal  or   molecidar   layer  in   a 
number  of  minute  branches. 

5.  The  medulla  of  the  cerehnim.  Tlio 
white  matter  of  the  cerebnim  begins 
immediately  below  the  last-named  layer, 
and  consists  (1)  of  nerve  fibers  which 
originAte  from  the  pyramitiul  and  poly- 
morphic cells  immeiliately  exterior  to  it, 
ami  which  carry  outgoing  impulses  from 
that  part  of  the  cortex,  and  (2)  of  fibers 
ariang  elsewhere  in  the  cortex  or  in  the 
fcrver  portions  of  the  brain,  which  ter- 
nuinate  in  the  cortex  and  carr>'  the 
incoming  impulses. — impulses  which  are 
allierent  as  regards  that  part  of  the  cor- 
tex. The  fibers  in  this  white  matter  may 
be  cla-Hstfiod  under  three  heads:  First, 
I  be  projedicn  ttifatcm  (A,  B,  C,  D,  and 
E  of  Fig.  77),  comprising  thase  filx^rs, 
affermt  and  efferent,  which  connect  the 
cortex  with  underlying  parts  of  the  cen- 
tral ner\'0U8  system. — the  spinal  cortl, 
merlulla,  pons,  midbrain,  or  thalamus. 
Thi«  great  projection  system  emerges,  for 
the  most  part,  through  the  internal  cap- 
sule and  the  cnira  of  the  cerehnim. 
Certain  parts  of  the  cortex  are  seemingly 
lacking  in  a  projection  system;  the  fibers 
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¥\z.  70.— To  show  tbs 
stnK'ture  of  ihe  corlex  Mr«- 
bri  (Dejfrinf):  /.  The  molec- 
ular layer:  //.  Uie  layer  of 
vertical  funiform  rell(< ;  ///, 
th«  Layer  of  ffmaJl  pyramidal 
c^lU:  IV,  th«  layvr  of  larce 
pvramitlal  oils;  V.  tht  layer 
oi  i>ulymorphlc  oelU. 
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Fiff.  77. — Schema  of  the  rirojection  fibers  of  the  cerebnim  and  of  the  peduncles  of  the 
oerebeuum;  lateml  view  of  the  internal  capsule:  i4,  Tract  from  the  frontal  K>'h  to  the  ponn 
nudeit  and  m>  to  ttic  c^erebelluni  (frontal  oerebro-cortiort-jMjntal  traci):  B.  the  motor 
(pyramidal)  tract;  C.  the  i«en^ory  (body  Mnse)  tract;  D,  the  vi^uaI  tnirt;  E,  thp auditory 
tract;  /',  the  libera  of  the  rtUiwrior  peduncle  of  the  cerebellum;  G,  fit>erw  of  ilie  middle 
peduncle  uriitinft  with  A  in  the  iM>im;  //,  fibers  of  the  iufcrinr  i*e<lunclp  of  the  PcrebeUuni; 
J,  (iber«  bctwc«»  llie  auditory  nudouA  iind  the  inferior  quiuirtjRinlnal  body;  K.  motor 
(pyramidal)  decuf»ation  in  the  bulb;  Vt,  fourth  vealhcle.  The  numerala  refer  lo  the 
craoinl  uerves. — (Modified  from  Starr.) 


Vut.  78. — Lateral  view  of  a  human  hemiiiphere.  nhnwinfr  the  bundles  of  amociation 
fibers  (sinrr):  A,  A.  Between  adjacent  Kvri:  6.  Iietween  fmntnl  and  occipital  areas;  C, 
between  frontal  and  temporal  ftreaa.  nriRtilum:  D,  between  frontal  and  teniitoral  ureas, 
(aBtriculu>i  uncinatu}*:  E.  between  occipital  and  temporal  areaa,  foatitulufi  longitudinalis 
inferior:   C..\',  caudate  nucleus;   O.T,  optio  thaltunua. 
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arising  from  theee  parts  do  not  enter  the  capsule  to  make  connec- 
tion with  the  motor  and  senson'  paths,  below,  but  pass  to  other 
ptrts  of  the  cortex,  forming  a  part  of  the  system  of  association 
fibera.  Second,  the  associaium  system,  which  may  be  defined  as 
comprising  those  fibers  which  conne<'t  one  part  of  the  cortex  with 
anotlicr  (Fig.  78).  There  are  short  association  tracts  (.4,  .4)  con- 
nwting  neiphboring  convohUions  and  lonjr  tracts  passing  from  one 
lobe  U)  another.  Thin.1,  tlie  amtm issund  stjstrm.  cousifji'mg  of  as- 
»dation  fibers  that  cross  the  niid-Unc  and  cimnect  portions  of  one 
cocbml  hemisphere  with  the  cortex  of  the  other.  These  fillers 
Duke  up  the  eommissimil  bands  known  in  gross  anatomy  as  the 
porjKis  cftllosum,  anterior  white  commissure,  formx,  etc. 

Th*  structure  of  the  cortex  is  probably  more  complicate  tlian  would 
ippfftT  fron»  the  alK>ve  description.  Numerous  recent  writers  (Hold,  ApAthy, 
MmI,  Bi'tho.  Hatai,  el  ai.)  have  chilled  alteiiditn  lo  a  very  fine  network — peri- 
eellular  or  Goi^  net— which  en^-elops  the  c<'U  body  :ind  the  dendritic  brancht^ 
of  Kir  nrurons.  Mo«t  of  thei*e  obser\'ers  consider  that  this  delicate  network  is 
of  anervous  nature.  It  fills  up  the  spaces  l>etw«»t'n  the  nerve  cells  and  makes, 
thrppfnrw,  a  connection  of  exceeding  complexity,  and  a  histological  feature 
wlwiee  details  mu*t  l>e  worked  out  hy  improved  technicnl  methods.  Nissl  has 
called  attention  to  the  fact  that  in  the  cortex  the  ner^e  cells,  axons,  dendrites, 
Drumglift  celU  and  fibers,  and  blood-vessels  found  are  not  sufficient  to  fill  up  the 
*i»ole  epiice  of  this  layer,  and  that  there  mu^t  exist  an  in-between  subwtuncc. 
»hif h he spciiks of  speciticalJy  ha  "the  Kray."  It  seems  probable,  as coni ended 
oyRrthe.  that  thbt  m-KMwwn  wilistance  is  the  network  just  referred  to,  whose 
drlicar)'  U  such  that  it  e«capoa»  dettiction  by  ordinary  hi.stolopcal  methods.  If 
lhi.1  standpoint  is  correct  it  in  evident  that  hisloloKy  hius  a  new  field  opened  to 
it  ill  the  study  of  the  brain,  and  the  structural  features  that  may  be  revealed 
by  future  study  will  doubtless  add  much  to  our  knowledge  of  the  mectumism 
in\-Dlved  in  brain  activity. 

Physiological  Deductions  from  the  Histology  of  the  Cortex. 
— Cttjal*  especially  lays  stress  up<vn  same  unatomiral  features  which 
seem  to  justify  certain  generalizations  of  a  physiological  nature.  In 
the  first  place,  ever>'  part  of  the  cortex  receives  incoming  impidses 
and  gives  rise  to  outgoing  impidses.  Ever>'  part  of  the  cortex  is^ 
therefore,  both  a  termination  of  some  afferent  path  and  the  begin- 
ning of  some  efferent  path;  it  is.  in  other  wonls.  a  reflex  arc  of 
a  greftter  or  leas  degree  of  complexity.  We  may  suppose  that 
CA'er}*  efferent  discharge  from  any  part  of  the  cortex  is  occasioned 
by  afferent  impressions  reaching  that  jxiint  from  some  other  part 
of  the  nervous  s>-stem.  Wliether  or  not  there  is  such  a  thing  as 
absolutely  spontaneous  mental  activity  cannot  be  determined  by 
phywolog>*.  but  on  the  anatomical  side  at  least  all  the  structures 
exhibit  connections  that  fit  them  for  reflex  stimulation,  and  many 
of  our  apparently  spontaneous  acts  must  be  of  this  character. 
Secondly,  all  part5  of  the  cortex  exhibit  an  essentially  similar 

•  Cajal.  **L««  nouvelles  id^  sur  la  structure  du  syst^me  nen-eux,  etc.," 
Fkm,  IgM. 
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stnicture.  Modern  physiology  has  recognized  clearly  that  different 
parts  of  the  cerebrum  have  different  functions,  but  the  differentia- 
tion in  structure  which  usually  accompanies  a  specialization  in 
function  is  not  very  evident.  Differences  in  the  thickness  of  the 
layers,  in  the  size  or  shape  of  the  cells,  have  been  pointed  out, 
but  it  is  perhaps  something  of  a  tlisapjMniUnicnt  to  find  so  little 
of  an  anatomical  distinction  between  structures  whose  reaction  in 
consciousness  is  so  widely  separated.     It  would  seem  that   the 


^ 


-C 


Fi*.  79. — .4-/),  SlioinnK  tltte  pliylngenetie  rtevelnptnent  of  mature  nerve  cells  in  a 
•eries  oi  vert^bntes:  a~f,  thr  iinlogcn^iic  'levelopment  of  grnu-inK  celU  in  a  typicAl  mun- 
rnal  (In  both  oamm  only  pyramiilnt  rplU  from  the  cerebrum  are  •ihnnm):  A.  froK:  B,  liurd; 
C,  rmt;  D,  man:  a,  neumblanl  wittmut  dendriten;  6.  commencing  dendrites:  c,  dendrites 
further  develnpnl ;  ^.  first  apr^aranne  nf  rnUnteml  branchea;  e,  further  develnprnent  nf 
coUnteralji  and  dondriteK. — (Iroin  RamSn  y  Cajal.) 

Structural  peculiarities  must  lie  chiefly  in  the  ultimate  chemical 
composition  and  physical  properties  of  the  protoplasm.  In  the 
thirf!  place,  the  centra!  nervous  svstem  throuphout  the  verte- 
brates is  constructed  upon  the  same  lines,  a  mechanism  of  intercon- 
necting neurons.  There  is  a  vast  difference  in  the  mental  activity 
of  a  fn>p;  and  a  man,  but  the  cortex  nf  the  cerebrum  shows  a  funda- 
mental similarity  in  structure  in  the  two  cases.  The  cliief  difference 
that  comparative  anatomy  is  able  to  show  is  that  in  the  higher 
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;  the  p^reater  mental  development  is  associated  with  a  greater 
complexity  and  richness  in  the  connections  of  the  neurons.  As 
fiboHTi  in  Figs.  79  and  80,  the  number  of  processes,  particularly 
the  dendritic  processes,  is  much  greater  in  the  cortical  cella 
of  the  higher  animals:  or.  to  put  this  fact  in  another  way,  the 
number  of  cells  in  the  cortex  of  the  higher  animals  is  much  less 
for  an  area  of  the  same  size  than  in  lower  animals.  The  amount 
of  in-between  substance  or  the  richness  of  the  network  of  processes 
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,  iO. — Seclionii  rhitMidh  ('urrespondinK   parta  of  the  cortex  in:  a.  Man;    b,  dog; 
_cfa.  to  «how  Ibe  snat^r  separatioo  of  tiie 


nerve  oella  in  the  higher  animals. ~- 


istncreaaed.  This  anatomical  fact  wonlfi  in<licatp  that  the  greater 
mentAl  activity  in  the  higher  animals  is  depeiuienl,  in  part,  upon 
the  richer  interconnection  of  the  nerve  cells,  or,  expressed  physio- 
logically, our  mental  processes  are  characterized  by  their  more 
anmennis  and  complex  associations.  A  visual  or  auditory  stim- 
ahui  that,  in  the  frog,  for  instance,  may  call  forth  a  comparatively 
ample  motor  response,  may  in  man.  on  account  of  the  numerous 
itions  with  the  memon'  records  of  past  experiences,  lead  to 
12 
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psychical  and  motor  responses  of  a  much  more  intricate  and  in- 
direct character. 

Extirpation  of  the  Cerebrmn, — One  of  the  methods  used  in 
physiology  to  detennine  the  genenil  functional  \'alue  of  the  cerebral 
hemispheres  has  been  to  remove  them  completely,  by  surgical 
operation,  antl  to  study  the  effect  upon  the  psychical  responses  of 
the  animal.  Upon  the  cold-blooded  animals  and  the  birds  the 
operation  may  be  i>erforme<l  with  ease,  but  in  these  animals  the 
positive  results  are  not  striking  and  the  exi>primrnt.s  are  valuable 
chiefly  for  their  negative  results.  If  the  cerebral  hemispheres  are 
remove<l  from  the  frog,  for  example,  the  animal  after  recovering 
from  the  imtnediate  effects  of  the  ojieration— that  is.  the  effects 
of  the  ancstfietic  and  the  shoclv— shows  sr.rjmsingly  little  difference 
from  the  normal  animal.  It  maintains  a  normal  jK>sture  ami  shows 
no  loss  at  all  in  its  jxjwer  of  equililjration.  W  hen  placed  on  its 
back  it  qui(^kly  regains  its  usual  position.  If  thrown  into  water 
it  swims  to  a  s<ilid  support  and  crav\ls  out  like  a  normal  animal. 
It  jumps  when  stimuhited  and  is  careful  to  avoid  o!>stacies  placed 
in  its  way,  showing  that  its  visual  reflexes  are  not  impaired.  It 
is  said,  how^ever,  that  the  more  comj^licated  reactions  that  tlepend 
upon  the  memory  of  past  cxpcricnceH  or  the  iiislincta  are  absent  or 
imfxjrfect.  This  latter  peeuliarity  is  manifested  most  impressiveh' 
in  birds  (pigeons)  after  removal  of  a  part  or  all  of  the  cerebrum.  As 
a  re-sult  of  such  an  oix^ration,  the  nervous,  active  animal  is  changed 
at  once  to  a  stupid,  lethargic  creature  which  reacts  only  when 
stimulated.  It  sits  in  a  drowsy  attitude,  with  Its  head  drawn  in 
to  the  shoulders,  its  eyes  closed,  and  its  feathers  slightly  erect-ed; 
occasionally  it  will  of)en  its  eyes,  stret<*h  the  neck,  gape,  preen 
Its  feathers  perhaps,  and  then  sink  back  into  its  somnolent  attitude. 
The  animal  in  this  condition  maintains  its  equilibrium  i>erfectly, 
flies  well  if  thrown  into  the  air  and  i>erches  comfortalily  upon  a 
narrow  support.  It  may  be  kept  alive  apparently  indefinitely  by 
appropriate  fee<ling  and  so  long  as  it  is  well  fed  retains  its  stupid 
and  impassive  apfw^arance.  If  allowed  to  starve  for  a  while  it 
becfimes  restless  from  the  effects  r>f  himger,  may  walk  to  and  fro, 
and  peck  aindessly  at  the  ground.  If  surrounded  by  grain  it  may 
peck  at  the  separate  grains,  but  never  actually  seizes  one  in  its 
beak  and  swallows  it.  Tlie  striking  defect  in  these  animals  is  the 
loss  of  those  responses  that  ilepeml  wpon  memon*  of  past  or  in- 
herited experiences.  Its  motor  reactions  are  all  <if  a  simple  kind. 
If  placed  upon  a  hot  plate  it  will,  for  a  time,  lift  first  one  foot,  then 
the  other,  and  finally  squat,  but  never  flies  away.  When  dosing 
a  loud  noise  awakens  it,  but  it  exhibits  no  signs  of  fear,  and 
quickly  relapses  inify  sonmolenee  when  the  auditory  stiumhis  ceases. 
The  one  positive  conclusion  that  we  may  draw  frtim  the  behavior 
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d  these  animftla  is  that  in  them  the  cerebrum  is  the  place  in  which 
tltfinemory  records  are  stonxl,  and  that  when  it  ia  removed  the 
trtioQs  of  the  animal  when  stimulatetl  l>ecome  much  more  direct 
and  predictable,  since  the  stimulus  awakens  no  associations  with 
put  experiences.     The  complete  removal  of  the  cerebrum  in  mam- 
mals b  attended  with  more  tlifficulty.     When  taken  out  at  once 
by  A  titifie  operation  the  animal  surviv^es  but  a  short  time  and 
Ihp  permanent  effects  of  the  operation  cannot  be  dctecteiL     (loltz,* 
bowevrr.  has  succeeded,  in  dojjs,  in  removing  by  a  fx^culiar  operation 
ill  of  the  cerebral  cortex.     The  operation  was  ixM-formiMl  in  sev- 
eral successive  stages  with  an  inter\-al  of  several  montlw  between. 
In  the  rooflt  successful  experiment  the  animal  was  kept  alive  for 
a  year  and  a  half  and  the  postmortem  examination  showed  that 
all  of  the  cortex  had  been  removed  except  a  small  portion  of  the 
tip  (if  the  temporal  lol^e.  and  this  latter,  since  its  connections  with 
iht  other  parts  of  the  brain  had  Ix^n  destroye<l,  was,  of  course, 
functionless.     In  addition,  a  large  part  of  the  corpcjra  striata  and 
optic  thalami  and  a  small  jwrtion  of  the   miilbrain   had  l>een  re- 
moved.    The  behavior  of  this  animal  wa.s  studied  carefully.     After 
the  immediate  eflfccta  of  the  operation — paralysis,  etc. — had  disai> 
pwircri  the  animal  moved  easily ;  in  fact,  showe<l  a  tendency  to  keep 
moving  continually.    Thero  was  no  permanent  jmralysLs  of  the  so- 
mUieii  volunlar>'  movements.      He  an>-wered  to  sen«orv'  stimuli  of 
fBii^jUtf  kinds,  but  not  in  an  intelligent  way.     If,  for  instance,  a 
pftinful  stimulus  was  applied  to  the  skb,  he  would  growl  (»r  bark, 
lod  mm  his  head  toward  the  place  stimulated;  but  did  nut  attempt 
to  bite.     Xo   caressing   could   arouse   signs   of   j>leasiire,   ami   no 
threatening  .signs  of  fear  or  anger.     Like  the  [jigcon,  the  most  con- 
spicuouft  defect  in  the  animal  was  a  lack  of  intelligent  resix>n.se, — 
that  is»  the  respoases  to  senson,'  stimuli  wore  simple,  and  evidently 
did  not  involve  complex  associations  with  past  experiences.     Hw 
memory  records,  for  the  m(jst  part,  had  lH*en  destnn'ctl.     GoJtz 
nconls  that  when  starve*!  ho  showesl  signs  of  hunger,  and  that 
•ventuaUy  he  learned  to  feed  himself  when  his  nose  was  brought 
into  contact  with  the  food,  although  lie  was  not  able  to  recognize 
food  placed  near  him.     He  would  reject  food  with  a  ilisagreeable 
tacite.     When  sleeping  he  gave  no  signs  of  dreaming,  differing  in 
thtt  respect  from  normal  dogs. 

Localization  of  Functions  in  the  Cerebrum. — When  the 
f  wa-s  established  that  the  cerebnim  is  the  organ  of  the  higher 
pn'chical  activities  there  aro.se  naturally  the  question  whether  dif- 
ferent parts  of  the  cortex  have  different  functioas  corresponding 
to  ihc  >'arious  faculties  of  the  mind,  or  whether  the  cerebrum  is 
fancf.ionally  equivalent  throughout,  in  the  same  sense,  for  instance, 
•  Qohz,  *'.\rchiv  f  die  gesftmmte  Physiobgie,"  51.  570,  1S02. 


ISO 


PHTSIOLOGT  OF  CENTRAL  NERVOUS  STSTEM. 


as  the  liver.  This  question  of  the  localization  of  functioas  in  the 
brain  (cerebrum)  ha«  been  much  debated,  hut  the  most  interesting 
and  important  discussions  uiK>n  the  subject  belong  to  the  nine- 
teenth century'.  About  the  beginning  of  the  century  Franz  Joiseph 
Gall,  at  that  time  a  physician  in  Viemia,  began  to  teach  publicly  his 
well-known  system  of  cranioscopy  or,  as  it  was  later  designated  by 
his  chief  tlLsciple  (Spurzheim),  system  of  phreno!og>' *  Gall,  from  his 
early  youth,  was  possessetl  with  the  idea  that  the  different  faculties 
of  the  mLid  are  mediated  through  different  parts  of  the  brain,  that 
in  it  we  have  to  deal  not  with  a  single,  but  with  a  plurality  of 
organs.  This  }>e!ief  was  in  ojiposition  to  the  current  ideas  of  his 
times  and  Gall  devoted  hLs  entire  life  to  an  earnest  effort  to  estab- 
lish and  ix>pularize  his  views.  He  and  his  disciples  contribute 
many  ven^  important  .facts  to  our  knowledge  of  the  finer  anatomy 
of  the  brain;  but,  so  far  as  the  view  of  separate  organs  in  the 
cerebrum  Ls  concerned,  the  methods  that  he  employed,  although 
perhaps  the  only  ones  that  he  could  make  use  of  at  timt  time, 
have  since  been  demonstrated  to  Ix?  fallacious  when  used  as  he 
used  thera.  He  conceived  that  the  more  developed  any  given 
mental  tjuality  Ls  the  larger  will  !«  the  organ  reprt?senting  it  in 
the  cerebnmi,  and  since  the  cranium  fits  closely  to  the  cerebrum 
the  relative  pronunence  of  the  jjarts  of  the  ccrebnun  may  Ix*  judged 
by  a  study  of  the  exterior  of  the  skuIL  This  method  of  study  con- 
stituteil  the  essential  feature  of  cranioscopy  or  phrenology,  and 
by  observation  uix>n  f>eople  with  particularly  marked  mental 
qualities  Gall  and  his  dlsci])le.s  suppoM'd  that  they  had  locateil  the 
organs  for  thirty-five  different  faculties.  While  the  general  itlea 
of  this  method  may  be  defen<lcd,  it  is  obvious  that  the  application 
of  it  sek'ntitically,  so  that  positive  and  demonstrable  results  can 
be  obtained,  is  practically  impossible.  The  s\'stem  of  phrenolog>' 
and  its  methods  quickly  fell  into  disrepute,  particularly  as  it  soon 
became  a  favorite  implement  for  the  use  of  frauds  and  charlatans. 
Gairs  ideas  in  the  beginning  excited  the  greatest  interest,  but  it 
seems  that  he  was  never  able  to  convince  the  majority  of  the  scien- 
tific men  of  his  day  of  the  conclusiveness  of  his  results.  At  the 
time  that  he  was  exploiting  his  doctrines  in  Paris,  where  he  spent 
the  latter  years  of  his  life,  Flourens  l>egan  his  celebratetl  experi- 
mental work  upon  the  functions  of  the  bniin, — work  which  was 
mainly  instnnnental  in  convincijig  physiologists  that  the  cerebrum 
is  a  single  organ,  functionally  equivalent  in  all  of  its  parts. t  Flou- 
rens's  chief  experiments  were  made  upon  pigeons,  and  in  these 


*  Gall  (and  SpiinshcimV  "  Rocherches  sur  la  syat^me  nerveux  en  g<^^ral 
et  .Hur  relui  (hi  cerveaa  tyu  particulitT,  "  ISIO-ISIO. 

t  Flourpns.  "  RooKorcrhcs  ('xpr-rimpntaky?  siir  les  propri^tAa  et  lea  foncticna 
du  syst^mc  nerveux  dana  \es  aniniaux  vert.<''br6s,"  18'24. 
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ittiDftb  he  found  that  successive  ablations  of  parts  of  the  cerebrum 
(rom  before  backw-ard  or  from  side  to  side  was  not  followed  by 
I  corresponding  scries  of  defects  in  the  animals'  psychical  life.     On 
the  contrary',  when  the  quantity  of  brain  substance  removed  was 
efficiently  large  all  these  quaUties  wont  at  once.     The  choice  of 
inimals  for  ih&«  experiments  was  an  unfortunate  one,  hut  the 
nuha  were  corroborated  in  part  by  a  number  of  instances  in 
vhich  human  l>eings  by  acci- 
dent or  wounds  in  battle  had 
iwt  a  part  of  the  brain  with- 
out any   apparent    defect    in 
tteir  mental  powers.    There- 
fore toward  tlie  middle  of  the 
ttinijteenth  century  the  prcva- 
ieat  view   in    physiolog>'    was 
that  the  cerebnim  is  function- 
ally equivalent    in   all  of   its 
part«.     One  fact  wa^  known 
in  medicine  at  that  time  which 
dirtinctly  contradicted  this  be- 
lief,—namely,  that   an   injury 
to  the  posterior  portion  of  the 

ihird   frontJil    convolution    in 

fflan,  on  the  left  aide,  causes  a 

lo»  of  articulate  speech  (motor 

aphasia).  Hut  this  fact, so  sig- 
nificant  to  us  now,  was   not 

properiy  valued  at  the  titne. 

Tlie  b^iiuiinj^  of  our  moilern 

vfews  of  oerel>ral  localization 

k  found  in  the  work  of  Frit^u;h 

tod  Hitzig*  (1870),  in    which 

ibty  exposed  and  stimulated 

deetrically  the  cortex  cerebri  in 
lliey  found  that  stimu- 
i  of  certain  definite  areas. 

particularly    in     t  he    sigmoid 

gyrus,  gave  distinct  and  constant  movements  in  the  limbs,  face,  etc. 

(aee  Fig.  81).    This  work  was  followeil  quickly  by  experiments  of  a 

ttnilar  kind  made  by  numerous  obsierver^,  in  which  the  cerebrum  was 

aUantlated  in  various  animals  and  finally  in  man.     In  adclition,  the 

OMtilod  of  ablation  of  these  areas  was  employed  with  subsequent 

•tudy  of  the  animal  in  regard  to  the  motor  or  sensors*  defects  result- 

•  Fritflfh  and  Hitzig,  "Arcliiv  f.  AoAtODiie  und  Physiologie  und 
adttfUiche  Medixin,"  1870.  300. 


Fis-  81- — To  show  the  motor  Bivas  in  (ba 
clofc's  Drain  na  nrijdnally  determinci  by 
Fnucb  ftnd  HUiiK  ■  >.  SisraoUl  jk^tuh;  a.  crater 
for  the  neck  rnu.'»<lp9*.  -f ,  cenler  for  the  ex- 
icnmipi  and  aiiiJurtor*  of  the  (oretimb:  -f, 
center  fur  the  Hexora  nnd  rolalioii  of  fore- 
Umb;  i^,  center  for  the  hind  limb;  O — O, 
center  for  tbe  miwdM  inuervaud  by  tb« 
(ariiil . 
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ing  therefrom,  and  the  results  obtained  were  further  extended  by 
careful  autopsies  upon  human  beings  in  whom  paralyses  of  various 
kinds  and  sensory  defects  were  associated  with  more  or  less  definite 
lesions  of  the  cerebmm.  The  first  outcome  of  this  work  was  to 
lead  to  an  extreme  view  of  locaHzation  of  function  in  the  brain, 
in  which  the  different  motor  and  sen.sor>'  areas  were  definitely 
circumscribed  and  separated  one  from  the  other,  making  the  cere- 
brum a  pliirahty  of  organs,  to  use  GalFa  term.     The  more  recent 


FSff.  82. — DiosEram  repre^cntinK  the  pmbablr  location  of  the  flhSef  mot-or  and  aenaorv 
anod  01  the  oerebruJ  curl«x  in  iimn  :  A.  Lateral  surface;  B,  mesial  suKaoe. — (From  ^cAd/ar.) 

work  has  tended  to  modify  these  extreme  views  of  localization  and 
to  emphasize  the  fact  that  histologically  and  phyMiohifjically  the 
entire  cerebmm  Ls  connected  so  intimately,  part  to  part,  that, 
although  the  difTerent  regions  mediate  different  functions,  never- 
theless an  injuPk'  or  defect  in  one  part  may  influence  to  some  extent 
the  functional  value  of  all  other  n*gions  in  the  organ.  The  general 
ide^  of  a  localization  of  function  hay  been  established  definitely, 
but  the  modem  view  is  that  the  cerebrum  is  composed  of  a  plurality 
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q[  o(]gan».  not  completely  separated  one  from  the  other  as  taught 
by  Gall,  but  inlimntely  as.sfX'iateil  and  to  a  oertain  extent  dependent 
one  on  another  ff>r  their  full  functional  inij>ortanee. 

The  Motor  Area. — The  first  experiinent.s  of  Fritsch  and  Hitzig 
(iisdoaed  the  kK'iition  of  a  cortiail  region  in  the  tiog  which  upon 
fltJmulAtion  gave  definite  movements.  The  later  experiments  of 
FcfTier.  Schiifcr,  Horsley,  and  I^vor,  ptirticuiarly  upon  the  apes, 
p,vt  reason  for  Ijelieving  tiiat  this  motor  area  surrounds  the  fissure. 
of  Rolando  and  extends  inward  npon  the  mesial  surface  of  thecere- 
bnim.    Its  exact  boundaries  marked  out  bv  careful  stimulation  of 


£hest 


Ear  . 
Byeltd  ,  

J\ii5e  f^J'''^  Oh&iuts  Voca.1    Ma^ticatioyu 

ofl0.t»>      cords 


CJosarc 


Sulcus  Centralis 


Vis.  fl9< — XxNMtioo  of  motor  tre&K  in  brain  of  chlmpansee. — {.Sharint^n  and  Otbm- 

~l)    lbs  extent  of   the  motor   area^  Lh  imlicateil  by  -tippling:  it  lies  entirely  in  front 

'  mn  of  Rolando  ^wlcua  centralis).     Much  of  the  motnr  area  k  hidden  in  the  Milci. 

JMM  marked  eyen  indicate  the  area.*  whow  stimulation  giveei  conjusate  movcmeDte 

ft  tie  eyebaDa.     U  b  doubtful.  bo¥rever,  whether  ihaae  represent  motor  areas  proper. 


tlie  rppon  in  monkeys  was  more  or  less  verified  upon  man,  since  in 
OpenttioTLs  upon  the  brain  it  was  often  necessary  to  stimulate  the  cor- 
tex in  order  to  localize  a  jEjiven  motor  area.  By  these  means  charts 
have  been  ma^le  showing  the  cortical  area  for  the  muanilatureof  each 
part  of  the  botly.  The  hx-ation  of  these  arca,s  as  usually  given  is 
nepneeented,  for  the  human  brain,  by  Fig.  82.  It  will  be  seen  that  in 
gBueml  the  distribution  of  the  areas  along  the  fiKsure  of  Rolando 
foUo'irs  the  onler  of  the  craniiil  and  spinal  ner\'es.  Within  ejich 
ana  cmaller  centers  may  l)e  located  by  careful  stimulation;  thus, 
the  hand  and  ann  area  may  Ix?  subdi^dded  into  centers  for  the 
I,  fingers,  tliumb,  etc.     More  recently  Sherrington   and  Green- 
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baum,*  making  use  of  electrical  stimulation,  unipolar  method, 
have  explored  carefully  the  motor  areas  in  the  monkey.  They 
state  that  these  areas  do  not  extend  back  of  the  Rolandic 
fissure,  but  lie  chiefly  along  the  anterior  central  convolution, 
as  rcpresenteil  in  Fig.  83,  extending  for  fjnly  a  .sinull  tlislaiice  on 
to  the  mesial  surface  of    the  cereUrutn.     The   area  thus  delimited 

by  physiological  experiments  is 
the  region  from  which  arises  the 
pyratuida!  system  of  fillers,  and 
clinical  cxpt^ricnce  has  shown  that 
lesiuns  in  this  part  of  the  cortex  are 
accorn{)anieil  hy  a  j^ralysis  of  the 
iiniscles  on  the  other  side,  particu- 
larly in  tho  limbs.  Pathological  or 
ex]3erinu'ntal  lesions  here,  moreover, 
are  followi-d  by  a  degeneration  of  the 
jn-ramidal  neurons, — a  degeneration 
which  extends  to  the  termination  of 
the  nmiroii  in  the  cord.  With  these 
data  wc  can  const  met  a  fairly  com- 
plete account  of  the  mechanism  of 
voluntary'  movements.  The  initial 
iniputie  aris<^s  in  the  large  pyramidal 
cells  of  th(*  motor  areas  and  proceeds 
along  the  axons  of  their  neurons 
to  the  motor  nuclei  of  the  cranial 
or  spinal  nones.  The  neurons  of 
the  pyruniidal  tract  constilute  the 
motor  tract  for  voluntan-  move- 
ments; a  lesion  anywhere  along  this 
tract  causes  i)aralysLs,  more  or  less 
complete  and  on  the  other  side 
of  the  body  in  general,  if  the  le- 
sion is  anterir>r  to  the  decussation. 
The  jmth  of  the  motor  fillers  is 
represented  in  the  schema  given  In 
l"'ig.  84.  Arising  in  the  cortex,  they 
take  the  fftllowing  route  (see  also 
Fig.  77,5): 

1.  Corona  radiata. 

2.  Internal  capsule. 

3.  Cms  cerebri  (]x»s). 

4.  Pons  \'aroliij  in  which   they  are   broken  into  a  number  of 

smaller  bundles  by  the  fibers  of  the  middle  peduncle  of  the 

♦  "Reports*  of  the  Thompeon-Yates  and  Johnston  Laboratories."  4,  351, 
1902;  5.  55.  1903. 


Fig.     M.— Schenim 


nting 


tbd  oouraa  of  lb«  fibers  of  the  pyram- 
idal tract;  1,  Fiben  to  Ibe  nuclei  of 
the  cranial  nerve;  2,  unprn«.sed  fibers 
to  the  lateral  pyruiiiidai  trn«-t:  3,  6- 
Iwra  to  the  anierior  p,vrHnii4ljil  tract 
croaaing  iu  the  mrtl ;  4  and  5,  fibers 
that  eross  in  the  (tyraniidol  decuaaa- 
tton  to  make  the  lateral  pyramidal 
Craot  of  the  opposite  side. 
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I  cerebellum.     In  this  r^ion,  also,  some  of  the  fibers  cross  the 

■  raid-line,  to  end  in  the  motor  nuclei  of  the  cranial  nerves: 

W  Third,  fourth,  fifth,  sLxtii,  and  seventh. 

5.  Anterior  pvTamids. 

6.  I*>'ramidal  decussation. 

7.  Diroct  an*!  cro.s8t*d  pyrarnitlal  tracts  in  the  cord. 

.\ftcr  ending  in  the  motor  nuclei  of  the  cranial  or  spinal  nen'cs  the 
path  is  continued  by  a  second  neuron  from  these  nuclei  to  the  mus- 
cle*. The  entire  path  involves,  therefore,  two  neurons,  and  injuiy 
tn  either  will  cause  jiaralysLs  of  the  corresfx^nding  muscles. 

Difference  in  the  Paralysis  from  Injury  to  the  Spinal  and  the 
Pyramidal  Neuron. — With  regard  to  the  nuisculature  of  the  limbs 
(spcciuliy  a  difference  has  been  obscr\'ctl  in  the  paralyiiia  caused  by 
injury  to  the  spijial  and  pyramitlal  neiirorw,  respectively.  Lesions  of 
lfaeant<*rinr  root  cells  in  the  cord  or  of  the  axons  arb^ing  from  them 
ouae  complete  paralysi.s  of  the  corresixwiding  mu.seles,  since  these 
DuiacleH  are  then  removed  not  only  from  vohintar>*  control^  but  also 
from  reflex  effect-s.  The  muscles  are  entirely  relaxcxl  anfl  in  time  ex- 
hiliit  a  more  or  less  complete  atrophy.  When  the  pynimiilid  neurons 
aiooe  are  affected,  as  in  the  familiar  condition  of  hemiplegia  resulting 
from  a  unilateral  lesion  of  the  motor  cortex,  there  Is  paralysis  as 
regMtb  voluctar}'  control,  but,  the  spinal  neuron  being  intact,  the 
gnaffk*  are  still  subject  to  reflex  stimulation  through  the  cord, 
OpeeUly  to  the  so-calle<l  tonic  impulses.  Under  these  conditions  it 
I  frequently  noticed  that  the  paralyzed  mu.scles  are  thrown  into  a 
t  of  continuous  contraction,  contracture,  in  which  they  exhibit  a 
ic  rigidity.  This  fact,  therefore,  may  be  used  in  diagnosing 
^neral  loaition  of  the  lesion. 

Is  the  Pyramidal  Tract  the  Only  Means  of  Voluntary 
(Cortical)  Control  of  the  Muscles? — Much  discussion  has  arisen 
amiding  this  ciuestion.  It  Is,  in  fact,  one  of  those  questions 
L^H&fer\'ous  mechanism  in  which  experiments  u{M>n  lower  ani- 
nab  must  be  applied  with  caution  to  the  condition^  in  man. 
As  we  have  seen,  the  entire  cerci>nil  cortex  may  lx»  removed 
from  the  frog,  the  pigeon,  and  the  dog  without  causing  permanent 
pAimlyaa,  although  in  the  animnl  Inst  named  there  Is  at  first  a  more 
or  leas  marked  Joss  of  voluntary'  control.  liut  in  man  anri  the  higher 
Qrpes  of  the  monkey  the  pyramidiil  .system  is  more  completely 
developed,  and  corresponding  with  this  fact  it  is  found  that  the 
pazalyBis  from  lesion  of  the  motor  cortex  is  more  permanent.  In 
£sety  observations  upon  men  in  whom  it  has  !)een  neees8ar>'  to  re- 
Boore  parts  of  the  motorarea  by  surgical  operation  indicate  that  the 
voluntary  control  of  the  muscles  is  lost  or  im|>aired  permanently. 
Il  would  seem,  therefore,  that  in  an  animal  as  high  in  the  scale  as 
tliB  dog  voluntary  control  of  the  muscles  can  be  maintained  through 
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tracts  other  than  the  pyraniidiil  system,  tracts,  jjerhaps.  s 
Monakow's  bundle  (rubrospinal  tract),  arising  in  the  midbrain.  In 
man,  however,  along  with  the  more  complete  development  of  the 
pyramidal  system,  tlic  efficacy  of  the  phylogenetically  older  motor 
sj'stems  is  correspondinp;ly  rediiced. 

The  Crossed  Control  of  the  Muscles  and  Bilateral  Repre- 
sentation in  the  Cortex. — It  ha^  been  known  from  ver\'  ancient 
times  that  an  injun*  to  the  brain  on  one  side  is  accompanied  by  a 
paralysis  of  vohmtar>'  movcnicnt  on  the  other  side  of  the  Ixxiy.  a 
condilit>u  known  as  homiplegiu.  The  facts  given  above  regarding 
the  origin  and  course  of  the  pyniniiiial  fibers  explain  the  crossed 
character  of  the  paralysis  quite  satisfactorily.  The  schema  thus 
presented  to  us  is,  however,  not  entirely  without  exception.  In 
cases  of  hemiplegia  in  which  the  wliole  mot-or  area  is  involved  it  is 
known  that  the  paralysis  on  the  other  side  does  not  involve  all  the 
mustrles,  and,  in  the  second  place,  it  is  said  that  there  is  some  miis- 
cidar  weakness  on  the  same  side.  The  paralysis  in  hemiplegia 
affects  but  little^  if  at  all,  those  muscles  of  the  tnmk  which  are  aceus- 
tomed  to  act  in  unison, — the  muscles  of  inspiration,  for  instance, 
the  diaphragm,  abdominal  and  intercostal  muscles,  and  the  musd' 
of  the  larTOx.  It  would  appear  that  these  muscles  are  bilaterall; 
representefl  in  the  cortex:  so  that  if  one  side  of  the  brain  is  intai 
the  muscles  (if  both  sides  are  still  under  vohmtar>'  control.  The 
mechanism  of  this  l>ilator:il  representation  is  not  definitely  known; 
one  might,  conceive  several  possibilities.  The  motor  area  on 
each  side  may  send  down  a  double  set  of  pyramidal  fibers,  one 
of  which  crosses  and  the  other  remains  on  t!u*  same  side,  or  the 
fillers  may  bifurcate.  Or  it  is  possible  that  thv  bilateral  control  is 
due  to  commissural  eonnections  bclwoen  the  lower  centers  in  the 
cord.  Some  e\'ic!enc<*  in  fai'or  r)f  the  former  view  is  found  in  the 
unrloubted  histological  fact  brought  out  by  Melius  and  others,  that 
small  unilateral  lesions  in  the  motor  area— tin*  center  of  the  great 
toe  in  the  monkey,  for  iustance — are  followed  by  degeneration  in 
the  lateral  pyraniirlal  tract  in  the  cord  on  both  sifles.  showing  that 
some  portions  of  the  motor  area  send  filers  to  both  sides  of  the 
body.  In  cases  of  hemipU'gia  it  may  be  added  that  the  muscles 
of  the  limbs  are  not  all  ecjually  affected. 

Are  the  Motor  Areas  Oaly  Motor  in  Function? — The  great 
number  of  nen^  cells  in  the  cortex  in  addition  to  the  large  pyram- 
idal cells  that  give  origin  to  the  fibers  of  the  p>Tamidal  tract  make 
it  possible  histologically  that  other  functions  may  l>e  mecUated 
in  the  same  region.  This  possibility  has  l>een  kept  in  view  since 
the  early  experiments  of  Munk,  in  which  he  slu>wed  that  lesions  in 
the  Rolandic  region  are  followed  by  disturbances  in  what  are 
designated  as  the  body  sensations,  muscidar  and  cutaneous  sensi- 
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bility,  but  especially    the   former.     It   was   suggested,   therefore, 
at  one  time  that  one  and   the  same  spot  in  the   cortex   might 
«ne  AS  the  origin  of   the  motor  impulses  to  a  given  musrle  and 
%»  the  cortical  termination  of  the  sensor>'  impulses  coming  from 
the  «wne  muscle,  the  reaction  in  consfiousness,  the  muscular  sensa- 
tkns.  being   mediated    perhaps    through   cells   other  than    those 
pving  rise  to  the  pyramidal  fil>ers.     Recent  physiological  and  clin- 
ical work  has,  however,  not  tendeil  to  support  this  \'iew.     The 
motor  areas  appear  to  be  confined  to  the  region  in  front  of  the  fie- 
suTP  of  Rolando,  while  the  cortical  area  wliirh  gives  rise  to  that 
kind  of  consciousness  that  we  designate  in  general  as  body  sensi- 
bility cxtejids  back  of  the  RoIan<lie  fissun?  in  the  posterior  central 
pnifl.    Whether,  on  the  other  hand,  the  sense  areas  for  the  body 
(cutaneous   and    muscular)    extend    fnnvard   into   the   cortex   of 
the  frontal   lobe  is  not  clearly  sho\\-n  by  experimental  or  clinical 
evidence.     Flechsig,  from   his   studies  upon  the  time  of  inyelini- 
ation  of  the  afferent  fibers  in  the  cmbr\*o  brain,  eoncludes  that 
thii  IB  the  case,  and  that  therefore  the  motor  and    sensor}'  areas 
ot-eriapfor  a  part  at  least  of  their  extent  (see  p.  210  and  Fig.  93). 
In  the  motor  area  there  are  numerous  ronnections  by  afferent 
fiJjers,   aiiswiation    tracts,    with    other    parts    of    the    brain.     By 
thi«  means  the  motor  area,  without  doubt,  is  brought  into  rela- 
tion with  many  other  parts  of  the   cortex,  and  the  sensations  or 
perceptions  aroused  elsewhere  may  react  upon  the  motor  paths. 
A  voluntar>^  movement,  however  simple  it  may  he,  is  a  psychological 
■ct  of  some  complexity.     The  mental  processes  that  lead  to  and 
originate  the  motor  discharge  cannot  l^e  located  in  the  cortex,  but 
the  unmediate  origin  of  the  motor  impulse  lies  most  probably,  in 
the  aruas  along  the  anterior  margin  of  the  fissure  of  Rolando. 


CHAPTER  X. 


THE  SENSE  AREAS  AND  THE  ASSOCIATION  AREAS  OF 
THE  CORTEX. 

The  delimitation  of  the  senson'  areas  in  the  cortex  is  a  matter 
of  very  considerable  difficulty,  owing,  mainly,  to  the  fact  that  the 
determination  of  the  presence  or  absence  of  certain  states  of  con- 
sciousness in  the  animal  or  person  under  obsen-ation  cannot  be 
made  except  by  indirect  means.  Moreover,  the  tlistinction  be- 
tween what  we  may  call  simple  sensations  and  the  more  complex 
psychical  representations  and  judgments  of  which  these  sensations 
form  a  necessary^  constituent  can  not  be  made  dcarh',  even  by  the 
individual  in  whom  the  reactions  occur.  We  rcco^ze  in  ourselves 
different  stapes  in  the  degree  of  consciousness  aroused  by  sensory 
reactions.  Our  visual  and  auditor)'  sensations  are  clearly  dif- 
ferentiatai ;  but  many  of  the  lower  senses  escape  recognition  in 
the  individual  himself,  since  the  state  of  consciousness  accom- 
panying them  is  of  a  lower  order.  Our  muscular  sensations,  for  in- 
stance, are  so  indefinite  as  to  be  practically  subconscious.  They 
arc  most  important  to  us  in  ever}'  act  of  our  lives,  yet  the  tmin- 
formed  person  is  unconscious  of  the  existence  of  such  a  sensation, 
and  if  deprived  of  it  would  rt*cognize  the  defect  only  in  the  con- 
sequent loss  of  control  of  the  voluntan'  muscular  movements.  In 
the  attempts  to  {letermiiie  in  what  part  of  liie  brain  the  various 
sensations  are  mediated  evcr>''  possible  method  of  inquir>"  has  been 
used:  the  anatomical  course  of  the  sensory-  paths,  physiological  ex- 
j>erimcnts  of  stimulation  and  ablation,  and  observations  upon  in- 
dividuals with  jmthological  or  traumatic  lesions  In  the  brain.  In 
the  long  nui,  the  study  of  neuropathological  cases  in  man  must  give 
xks  the  last  word,  because  in  such  cases  the  estimate  of  the  sensory 
defect  can  be  made  with  most  accuracy  and  because  in  man  the 
specialization  of  the  psychical  functions  has  reached  its  highest 
development.  The  results  that  have  been  obtained  are  perhaps 
the  most  tlefinite  in  the  case  of  the  higher  senses,  vision  and  hearing, 
since  defects  in  these  senses  are  recognized  most  clearly,  and  the 
anatomical  mechanisms  involved  have  proved  to  be  more  accessi- 
ble to  investigation. 

The  Body-sense  Area. — In  his  early  experiments  Munk  in- 
sisted that  lesions  of   the  cortex  involving  the  Rolandic  area  are 
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lecompanied  by  a  state  of  anesthesia  on  the  other  side  of  the  body, 
bemi&nesthesia,  particularly  as  regards  the  tactile  and  muscular 
sensations.     It  is  not  nccessar>%  perhaps,  to  go  into  the  details 
of  the  long  controversy  that  arose  in  connection  with  this  point. 
Both  the  clinical  and  the  experimental  exarlence  has  been  contra- 
dicU)r>'  in  the  hands  of  different  observers,  but  the  tendenc^v  of 
nceat  studios  has  been  to  show,  as  state<l  above,  that,  whereas 
the  motor  areas  lie  anterior  to  the  fissure  of  Rolando,  the  sensory 
areiis  concerned  with  the  cutaneous  and  muscular  sensations  extend 
posterior  to  this  fissure.*    Positive  cases  are  recorde<l  in  which  lesions 
invohing  the  anterior  central  convolutions  were  accompanied  b}' 
pBral>'Bis  on  the  other  side,   hemifilcKia,   withoiit  any  detectable 
disturbance  of  sensibility,  and,  on   the  other  hand,  lesions  in  the 
poeterior  central,  and  neighboring  parietal  convolutions,  in  which 
there  was  a  hemianesthesia  more  or  less  distinctly  marked  without 
SBT  paralysis.     Such  cases  tend  to  support  the  view  that  the  motor 
ukI  body  aense  areas,  although  contiguous,  do  not  overlap.f    On 
the  other  hand,  the  embr}'ological  evidence,  as  furnished  by  Flet'hsig, 
indicates  that  the  sense  areiis  may  extend  in  front  of  the  Rolandic 
fivure  (p.  210)  and  overlap  the  motor  areas  in  part.     At  present, 
perhaps*  one  is  justified  in  saying  only  that  the  region  immetlintely 
posterior  to  the  Rolandic  fissure  is  entirely  sensor}'.    Regarding 
the  aensory  defects  associated    with    lesions  of   the  parietal  lobe 
posterior  to  the   Rolandic  fissure    (posterior  central  convolution, 
npraznaifcinal.  superior,  and  fx)ssibly  inferior  parietal  ronvolutions), 
it  seems  probable  that  they  involve  chiefly  the  muscular  sense, 
pRBure  and  temperature  sense,  and  the  judgments  or  jjcrceptions 
based  upon  these  sensations,  while  the  sense  of  pain  is  but  little 
iffected.     Monakow  gives  the  order  in  whi<*h  sensory  ilefects  mani- 
fest themselves  after  such  lesions,  as  follows:  The  localizing  space 
und  muscle  sense  are  chiefly  affected, — in  fact,  almost  lost  on  the 
oppoKite  side:    the   temj>erature   and   pressure  sense  are   largely 
«ffecte<i.  while  the  pain  sense  is  retained  or  but  slightly  afTcfted. 
The  clinicians  have  obsen'cd  that  the  most  positive  and  invariable 
8>'mptom  of  lesions  in  this  region  is  a  condition  of  ast«reognosia,^ 
that  is,  a  diminution  in  the  stereognostic  sense  or  feeling.     By  the 
it^reognostic  feeling  is  meant  the  p(3wer  to  judge  foncerning  the 
form  and  consistency  of  external  objects  when   han(lle<l,  and  it 
must  be  reganled  as  a  perception  based  upon  the  sensations  of 
touch  and  temperature  in  combination  with  muscular  sensibility. 
On  the  whole,  therefore,  we  must  infer  that  the  cortex  in  this 
strolandic  area  is  concerned  with  the  finer  and  more  conscious 


•Consult  Mf^&kow,  *' Ergebiiiaee  der  Phvsioloi^ie.',"   1902,  vol.  i,  part  I, 
^  621. 
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interpretations  of  the  sensations  of  pressure,  temperature,  and 
muscular  conditions.  The  part  of  the  cortex,  if  any,  concerned 
in  the  primary  conscious  mediation  of  the  sense  of  pain  has  not 
been  definitely  loralized. 

The  Histological  Evidence.  Course  of  the  "Fillet.** — On 
the  histokitjical  siile  there  is  verv  strong;  corroborative  evidence  for 
the  view  that  the  cortical  centers  for  the  sensorv*  fibers  of  the  bodv 
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Fig.  85. — Schema  ranresmilinR  the  nrinn  and  oniirM  of  I  be  fibern  of  the  median  fillot,— 
ine  intercentral  inttu  of  the  fibers  of  body  ttentfe. 


in  general  lie  in  the  parietal  lobe  in  the  region  incUcatwl  above. 
This  e\'idence  is  connected  with  the  path  taken  by  the  sensory 
fibers  in  the  cord,  especially*  those  of  the  posterior  columns,  after 
ending  in  the  nucleus  gracilis  and  nucleus  cuneatus  of  the  medulla. 
This  path  is  represented  in  a  schematic  way  in  the  accompanying 
diagram  (Fig.  85).  The  second  sensory  neurons  arise  in  the  nuclei 
mentioned.    Some  of  them  pass  into  the  cerebellum  by  ^vay  of  the 
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inferior  peduncle  of  the  same  side;  but  others,  passing  ventrally, 
cms  the  mid-hne  as  the  internal  arciform  fibers,  which  form  a 
eoMpiruous  feature  in  the  tofcmental  region  of  sections  of  the 
mniulbi  at  this  level.  This  crossing  occurs  mainly  just  in  front 
of— that  is,  cephalad  to — the  pyramidal  decuaaation.  forming  thus 
I  seoflon*  decussation,  which  explains  the  crossefl  sensory  control, 
as  the  pyramitial  decussation  explains  the  crossed  motor  rontrol 
of  the  cerebrum  in  relation  to  the  body.  After  this  decussation 
the  flensory  fibers  form  a  longitudinal  bundle  on  each  side  known 
L«  (he  median  fillet.  lemnis<'U8.  or  laqueus.  which  in  the  pons  lies 
just  fiorsal  to  the  pyramidal  libers. 

The  fillet  fibers  may  be  traced  forward  as  far  as  the  anterior  collic- 


rtioD  throuKh  midbrmin  (KdilUctr)  to  show  (he  position  of  the  fiU*t  (L.  t): 
A>.  Ttw  rej  nucleus:  Sn,  the  iiub«tantU  nicn;  Pp,  the  cnia. 

uluB  of  the  corpora  quadrigemina  and  the  thalamus  (see  Fig.  86), 
utd  some  are  said  to  continue  directly  into  the  cerebrum  by  way  of 
thf  posterior  limb  of  the  internal  capsule  to  end  in  the  parietal  lobe 
posterior  to  the  fissure  of  Rolando.  Those  neurons  that  end  in  the 
midbrain  and  thalamus  are  continued  forward  by  a  third  neuron, 
»hich  ends  in  the  parietal  lobe  in  the  same  region  (see  Fig.  77.  (7). 
On  its  way  through  the  medulla  and  pons  the  fillet  tract  ia  believed 
to  receive  accessions  of  sensor>'  fibers  from  the  sensor>'  miclei  of  the 
cnnial  nerves  of  the  opposite  side.  The  course  of  the  fillet  has  been 
1  by  various  means,  but  especially  by  the  method  of  myeliniza- 
during  embryonic  life  and  b}-  degeneration  consequent  upon 
g-standing  disuse.     As  was  stated  in  the  section  upon  nen'e  de- 
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generation,  injurs'  to  an  axon  is  followeil  quickly  by  t]egeneration  of 
the  peripheral  end.  and  much  more  slowly  by  a  degeneration  of  the 
central  end  and  the  nerve  cell  itself,  when  the  path  is  not  again  estab- 
lished. Certain  lon^-standing  cystic  lesions  (porencephaly)  in  the 
parietal  cortex  have  resulted  in  an  atrophic  degeneration  of  the  fillet 
fibers,  thus  adding:  materially  to  the  e\idence  that  this  sensory  tract 
ends  eventually  in  the  region  indicated.* 

From  the  conncctionn  of  the  fillet  with  the  tracts  of  the  pos- 
terior columns  of  the  cord  it  is  evident  that  it  forms  one  pathway 
at  least  for  the  fibers  of  muscle  sense.  Whether  or  not  the  fibers 
of  pressure,  pain,  and  temperature  take  the  same  route  is  not 
definitely  established,  hut  it  seems  probable  at  least  from  the 
known  connections  of  the  lillet  with  the  sensor)-  nuclei  of  the  cranial 
nerves  and  with  the  sensor^'  tracts  of  the  lateral  as  well  as  the 
posterior  columns  of  the  cord.  Much  of  the  fillet  ends  in  the  mid- 
brain and  tlialamus,  before  passing  on  to  the  ccrtex.  and  here,  as 
in  other  similar  cases,  we  have  the  possibility  that  the  lower  centers, 
in  addition  to  the  reflex  connections  which  they  make,  may  mediate 
also  a  conscious  reaction.  While  the  general  tendency  has  been 
to  confine  the  conscious  cjuality  of  the  central  reactions  to  the  cortex, 
there  is  no  proof  that  the  lower  cent4?rs  are  entirely  lacking 
in  this  pnii>erty.  In  <!oItz's  dog  without  cerebral  cortex,  for 
instance,  the  animal  responded  to  various  sensor\'  stimuli,  and 
when  hungry-  gave  evidence,  so  far  as  his  actions  were  concerned, 
of  experiencing  the  sensations,  of  hunger;  but  whether  or  not  these 
actions  were  associated  with  conscious  sensations  is  hidden  from 
lis.  and  we  can  hoj^e  to  arrive  at  positive  conclusions  upon  this 
point  only  by  observations  upon  man  himself. 

The  Center  for  Vision. — The  location  in  the  cortex  of  the 
general  area  for  vision  has  been  established  by  anatomical,  physio- 
logical, and  clinical  evidence.  The  physif>logLsts  have  exix^rimented 
chiefly  by  the  method  of  ablation.  Mimk,  Ferrier,  and  later  ob- 
sen'ers  have  found  that  removal  of  both  occipital  lobes  is  followed 
by  defects  in  vision.  According  to  Munk,  removal  of  both  occip- 
ital lobes  is  followed  by  complete  loss  of  visual  sensations,  or,  as  he 
expresses  it,  by  cortical  hlbdness.  Goltz,  however,  contends  that  in 
the  dog  at  least  removal  of  the  entire  cerebral  cortex  leaves  the 
animal  with  some  degree  of  vision,  since  he  will  close  his  eyes  if  a 
strong  light  Ls  thrown  upon  them.  All  the  exi>eriments  upon  the 
higher  mammals  (monkeys)  and  clinical  experience  upon  man 
tends,  however,  to  support  the  view  of  Munk.  Complete  removal 
of  the  occipital  lobes  is  followed  by  apparently  total  blindness. 
If  any  degree  of  vision  remains  it  Ls  not  sufficient  for  recogni- 
tion of  familiar  objects  or  for  directing  the  movements.  In  an 
»  HOael.  "Arehiv  f.  Psychiatric,"  24,  452,  1892. 
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■  in  this  condition  the  pupil  l)eoomes  constricted  when  light 
kthrown  upon  the  eye;  but  thL*  reaction  we  may  regard  as  a  reflex 
I    ihmugh  the  midbrain,  and  there  Is  no  reason  to  Ijelieve  that  it  is 
I    ircompanled  Ijy  a  visual  sen-sation.     When  th*.*  injur>'  to  the  occip- 
ital cortex  Ls  unilateral  the  blindncs.s  affects  symnietri*'al  halves  of 
L   tbt  two  eyes,  a  condition  known  as  hemiopia.     Destruction  of  the 
I  t||iit  occipital  loljc  causes  hlindneiw  in  the  two  right  halves  of  the 
tt-cs,  or   in  acconlance   with    the   law   of  projection    of    n-tiiial 
stimuli  in   the  two  left   halves   of  the  nonnnl  vLsiml  field  when 
the  eyes  are  fixed  upon  any  object.     Destniction  of  the  left  oc- 
cipitiJ  lol>e  h>  followed  by  blindness  in  the  two  left   halves  of  the 
I    ntiiuui  or  the  right  halves  of   the    visual  field.     This   result    of 
pli  il    e\|KTinients    is    l>ome    out    1)V   clinical    experience. 

All  •  ral  mjur\'  to  the  occipital  lol>es  i^  followed  by  a  con- 

dition n|'  hemiopia  more  or  less  complete  according  to  the  extent 
'    of  the  lesion.     Obser\'ation,  however,  haw  shown  that  this  general 
iminctricul  relation  has  one  interesting  and  jx>culiar  exception. 
Ibemost  ini|>ortant  part  of  the  retina  in  vision  is  the  refjion  of  tbe 
f(WM5  centrales,  whose  projection  into  the  visual  field  constitutes 
the  field  of  tlircct  or  central  vision.     It  Ls  said  that  the  hemiopia 
I    from  unilateral  lesions  of  the  cortex  does  not  involve  tfiLs  part  of  the 
,   Rtina. 

i       The  Histological  Evidence. — The  histological  results  supplt*- 

nmt  in  a  ver>'  .^atLsfac'lor>-  way  the  findings  from  physiologji-  and 

pilholog3\     The  retina  itself,  considered  from  an  enihr>'ologiral 

ItAodpoint.  L*  an  outgrowih  froin  the  Imiin  vesicles,  and  is  lliere- 

tan  an  outlying  i>ortion  of  the  central  nervous  sy.stcui.     'Ihc  oplir 

I  fibers,  in  terms  of   the   neuron  doctrine,  nuist    be  considered  as 

axons  of  the  ner\'e  cells  in  the  retina.     If,  therefore,  an  eye  Ls  cnu- 

ckftted  or  an  optic  nen'e  is  cut  the  fibers  connected  with  the 

I  bnun  undergi*  secondare*  degeneration  and    their    counse  can    l>e 

I  ttaoed   microscopically  to  the  brain.     By  this  means  it  has  been 

i  »hnwn  tlmt   in  man  and  the  manunalia  there  Ls  a  partial  decus- 

LAtion  of   the  optic   fil>er8  in  the  chia.sma.     The  fibers  from  the 

HBer  liide  of  each  rc;tina  cross  at  this  jwlnt  to  the  opf)osite  optic 

tract;    tha*^  from  the  outer  side  of  the  retina  do  not   deciu^sate, 

but  |>a>ft  into  the  optic  tract  of  the  same  side.     The  fibers  of  the 

I  optic  tnu^t  end  mainly  in  the  gray  matter  of  the  external  genicu- 

IJIlte  l>ody,  but  some  pass  aI.«o  to  the  optic  thalamus  (pu!vinar)and 

■Hne  to  the  anteritir  eolliculus  of  the  coriM)ni  quadrigeniina.     These 

iDoitionA.  therefore.  j)articularly  the  external  geniculates,  must  l)e 

cocM4en*(i  as  the  priman  optic  centers.     Fmni  these  p>oints  the  path 

i» continued  toward  the  cortex  by  new  neurons  whot«e  axons  consti- 

a  siH'cial  bundle,  the  optic  radiation,  lying  in  the  posterior  limb 

the  internal  capsule  (.see  Fig.  77,  D),     A  schema  representing 
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this  coarse  of  the  optk  fibers  is  given  in  the  accompanying  diagram 
(Fig.  87).  Aceording  to  this  schema,  the  general  r^elations  of  each 
occipital  lobe  to  the  retinas  of  the  two  eyes  is  ^uch  that  the  right 
occipital  cortex  represents  the  cortical  center  for  the  two  right 
halves  of  the  retinas,  while  the  left  occipital  lobe  is  the  center  for 
the  two  left  halves  of  each  retina, — a  relation  that  agrees  completely 
with  the  results  of  experimental  physiolog>^  and  clinical  studies. 
In  addition  to  the  fibers  described,  which  may  be  r^arded  as  the 


Occipital  lobe. 

Optie  rmdifttiact, 
Superior  coUiculua. 

LatenO  or  external  geoieiilalik 
Optic  thalamm. 


Retina. 


Fig.  87- — Diagram  to  Indicalo  the  general  course  of  the  fibere  of  the  optio  nerves  and  the 
bilateral  connection  between  cortex  and  relioa. 

visual  fibers  proper,  there  are  other  fibers  in  the  optic  tracts  and 
optic  nerves  whose  physiological  value  is  not  entirely  clear.  The 
fibers  of  this  kind  that  have  been  described  are:  (1)  Posterior  or 
Gudden'a  commissure.  Filjers  that  |muss  from  one  optic  tract  to 
the  other  along  the  jwsterior  border  of  the  chiasma.  These  fibers 
form  a  commissural  band  connecting  the  two  internal  (or  median) 
geniculate  bodies,  and  possibly  also  the  inferior  colliculi.  It 
BseniS  probable  that  they  belong  to  the  central  auditory    path 


SENSE   AR£AS   AXD   ASSOCIATION   AREAS. 


195 


I 


rather  th&n  to  the  visual  system.    (2)   Fibers  paf!ismg  from  the 

ehiuma  into  the  floor  of  the  thin!  ventricle.     Tho  furthrr  course 

of  these  fibers  is  not  clearly  known,  but  it  is  possible  that  they  make 

connections  with  the  nuclei  of  the  third  nerve.    They  will  be  referred 

to  in  the  section  on  vision  in  connection  with  the  light  reflex  of 

ihe  iria«     (3)   An  anterior   coiniuis.suR\     Several  observers  have 

claimc<l  that  there  Is  a  conimisisural  band  along  the  anterior  margin 

of  the  chiasnia  which  connects  one  optic  nerve  or  retina  with  the 

other.     In  acconlance  with  this  claim  it  is  said  tliat  when  a  local 

teiion  is  ma^lc  experiraentally  in  one  retina  the  degeneration  that 

exii-nds  backward  along  the  corresix)n<liiig  optic  nerve  is  rontin- 

uodin  part  over  into  the  optic  nerve  of  the  other  hide.     The  exLst- 

eDoe  of  this  interesting  commissural  connection  between  the  retinas 

ii,  however,  still  a  matter  of  much  uncertainty. 

'iliere  are  many  points  in  connection  with  the  course  of  the 
optic  fillers  and  the  physiolog>'  of  the  different  jjarts  of  tlie  uecip- 
iUl  cortex  which  are  unknown  and  retjuirc  further  investigation. 
Some  of  these  points  may  he  referred  to  Itriefly. 

The  Amount   of  Decussation   in   the  Chiasma. — According 
to  the  schema  given  above,  half  of  the  filK-rs  in  eaeli  optic  nerve 
derussate  in  the  chiasma.    There  is,  however,  no  positive  proof 
tlut  the  division  of  the  fibers  Is  so  symnietrically  made.     In  the 
lower  vertebrates, — fishes,  amphibia,   n'ptiles,  and  most  birds— 
tlte  crossing  is  said  to  be  complete,  while  in  the  mammalia  a  certain 
pfoportion  of  the  fibers  remain  in  the  ojitic  tract  of  the  same  side. 
In  a  general  way,  it  would  apfjear  that  the  higher  the  animal  is 
Id  the  scale  of  development  the  larger  Is  the  number  of  fillers  that 
do  not  cross  in  the  chiasma.     At  least  it  Ls  true  that  a  larger  num- 
ber remain  imcrossed  in  man  than  in  any  of  the  nmimnalia,  and  it  is 
tbo  poeaible  or  j)robablc  that  the  extent  of  decussation  in  man 
■hows  individual  differences.     There  seems  to  be  no  acceptable 
•uggeetion  regarding  the  physiological  value  of  this  partial  deciis- 
ation  other  than  that  of  a  probal>ie  relatirin  to  bini*cular  visiim.  It 
has  been  used  to  explain  the  physiologirid  fact  that  simultaneous 
fUmulation  of  synunetrioal  points  in  the  two  retinas  gives  us  a 

le  \'isual  sensation. 
»4  The  Projection  or  Localization  of  the  Retina  on  the 
Occipital  Cortex. — It  would  seem  most  probable  that  the  paths 
from  wich  s|X»t  in  the  retina  terminate  in  a  definite  region  of  the 
occipital  cortex,  and  attempts  have  been  made  by  various  methods 
to  determine  this  relation.  According  to  Henschen.*  the  visual 
paths  in  man  en<I  around  the  calcarine  fissure  (Kig.  82)  on  the 
m»ua)  siirfaee  of  the  brain,  an<l  this  portion  of  the  occipital  lobe 
ibould  be  reganle<l  as  the  tnie  cortical  center  for  vision,  the  re- 
•Herutchen,  '•Brain/'  1803,  170. 
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mainilcr  of  the  occipital  cortex  being  lierhajxs  the  seat  of  visual 
memories  or  associations.  There  seems  to  be  much  c\'idcnce 
Indeed  that  the  immediate  ending  of  the  optic  paths  lies  in  this 
re^on.  Thus.  Donaldsim*  foiiiiil.  upon  examination  of  the  brain 
of  I^aura  Bridgman, — the  blind  deaf-mute,  that  the  cuneus  espe- 
cially showed  marked  atrophy,  anil  clini<'al  cases  of  lesions  of  the 
cuneus  have  Ijeeii  fountl  to  Iw?  associated  Avith  a  marked  degree  of 
hemiopia.  So  also  Flceh.sis.t  K^*  means  of  the  myelinization 
methofl,  finds  that  the  optic  fibers  end  chiefly  along  the  margin 
of   the  calcarine   fissure.     It   has   been   assinned   that  the   fil)ers 

from  the  fovea  of  the  retina 
L£FT  RETINA  jocKTjrrTfN^        ^^j  -^^  ^^^  regiou.-according 

to  some  authors  (Hensrlien) 
aloti^  thf  anterior  third  of  the 
fissu  re.  according  to  others 
(Schmid  and  LaqueurJ)  along 
the  fjosterior  portion  of  the 
fissui'c.  Moreover,  since  imi- 
latora!  lesions  of  the  occipital 
lobe,  however  extensive,  do 
not  cause  complete  blindness 
of  the  foveal  rejrion.  it  has 
been  supposed  that  this  im- 
portant part  of  the  retina  is 
bilaterally  represented  in  the 
cortex,  as  indicated  in  the  ac- 
coru[)aiiyiiif:  dlajrram  (Fig.  88); 
so  that  cfiiaplote  foveal  bliml- 
nrss — that  is,  blinflness  of  the 
*.vutei*s  of  tho  visual  fields — can 
only  occur  when  both  occipital 
lobes  are  iiijurerl  in  the  region 
of  the  eah\»rine  fissure.  While 
the  general  opinion  seems  to 
be  that  this  last-named  region  is  the  main  cortical  ending  of  the 
retinal  fi];ors,  esr)erially  of  those  arising  fmni  the  fo\eal  area,  other 
observers  contend  that  the  entire  occipital  cortex,  lateral  as  well  as 
mesial  surfaces,  must  be  regarde<l  as  the  cortical  termination  of  the 
visual  paths,  and  that  even  the  foveal  portion  of  tlie  retina  is  con- 
nected with  a  wide  area  in  this  lobe.  Monakow.  forin.stancc.  points 
out  that,  while  exten.sive  lesions  of  the  occipital  cortex  on  both 
sides,  leave,  with  a  few  exceptions,  some  degree  of  central  vision, 

♦  IVmnliison.  "AincricHTi  Jrnimal  of  Psychology',"  1.S92,  4. 

t  FlpchHig,  "Localization  dtT geistigcn  Vorgiinge,"  Leipzig,  1896. 

X  Schmid  and  Laqueur  *' Virchow'e  Archiv, '  158,  1900. 
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Fig.  R8.  —  DiaKrain  aboniniB;  tlic  probable 

rrlalinn"  Ix-twcen  Ibe  parta  of  Ihc  rrtina  and 

'■  1  ijf  the  cortex. — (I'rom  ScKa- 

.  itcral     reprenentation    of    the 

■  lod  by  the  course  of  tbo  ilutted 
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BO  cftflps  are  reported  of  cortical  lesions  involving  only  or  mainly 
the  vision  in  tlio  macular  region.  He  therefore  iirfciu\s  that,  while 
the  (laths  from  the  retina  to  the  lower  \isual  centers  (external 
(geniculate)  may  be  isolated,  the  further  connections  with  the 
iy)rt«*x  must  be  widespread.  The  cttrtica!  center  fur  distinct  vision 
according  to  this  view  is  not  limited  tu  a  narrow  area,  but  must 
tD\*olve  a  large  region  in  the  occipital  cortex.  It  is  ditticidt  to 
reconcile  this  view  with  the  ideas  of  isolateil  conduction  and  yfX'cific 
function  of  each  part  of  the  cortex,  and  it  is  very  evident  that  the 
pn>jeftion  of  the  retinas  ujKin  the  onrtex  is  a  citiestion  that  must 
he  left  for  further  observation  and  cxporinient.  So!n<"  li^ht  was 
euppo^etl  to  be  thrown  upon  the  subject  from  the  residta  of  stiraular- 
tion  of  the  occipital  cortex.  Stimulation  of  this  kind  causes  move- 
ment of  the  eyes,  and  the  movenuiits  vary  with  the  jilacc  stimu- 
lated.* Stimulation  of  the  upjjer  btjrder  uf  t!io  lobe  rauses  niove- 
xnenta  of  the  eyes  downward,  stimulation  of  the  lower  border  move- 
ments upwanl  and  of  interme<liate  regions  movements  to  the  side. 
Assuming  that  the  dire<'tion  of  the  movement  is  associated  with 
movi'iijeiit^  toward  that  part  of  the  visual  field  from  which  a 
ncirmBJ  visual  stimidus  would  come,  it  is  evident  that  movements 
of  the  eyes  dowTiward  wouhl  im]>ly  stimulation  of  the  upper  half 
of  the  retina,  since  objects  in  the  lower  part  of  the  visual  field 
form  their  image  on  the  upjx*r  half  of  tlie  retina.  Following  this 
sufKestion.  the  projeetion  of  the  retinas  nn  the  ocripital  loU's,  or 
the  cortical  representation  of  the  retinas  on  the  occipital  cortex 
might  be  represented  by  a  definite  schema.  Such  a  definite  rela- 
tionship, however,  as  stated  alxive,  is  not  home  out  bv  fltnicnl  facts. 
The  f«ct  that  stimulation  of  the  occipital  c<vrtex  causes  definite 
movements  of  the  eyeballs  seems.  howe\cr.  to  be  demonstrated  and 
it  impliesj  that  there  are  efferent  fibers  in  the  optic  radiation  nmning 
from  the  occipital  cortex  to  the  midbrain,  where  they  make  con- 
nections with  the  nK»tor  mirlej  of  the  third,  fourth,  and  sixth  cranial 

The  Function  of  the  Lower  Visual  Centers.~The  first 
ending  of  the  optic  fibers  lies  in  ihe  external  geniculate  and  to  a 
kmer  extent  in  the  thalamus  an<l  superior  rollicuhis.  It  is  con- 
edvable,  of  eourse,  that  some  degree  of  visual  sensation  may  be 
medlAtciJ  through  these  centers,  r.oltz  observetl  that  in  dogs  with 
ibe  cerebrum  removefl  the  animals  showed  a  constriction  of  the 
pupils  when  a  bright  light  was  thnnvn  upcm  the  eyes,  or  even  closed 
the  eyes.  It  is  the  general  belief  that  reactions  of  this  kin<l  are  me- 
rhanical  reflexes  accompanied  by  no  higher  psychical  reaction  than 
in  the  caae  of  spinal  reflexes.  The  existence  in  the  midbrain  of  the 
motor  nuclei  of  the  third  nerve,  and  of  the  posterior  longitudinal 
•Schiifer.  "Brain,"  11,  1,  1HS9.  and  13.  165.  1«90. 
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bundle  through  which  connections  are  established  with  the  motor 
nuclei  tjf  other  cranial  nerves,  furnishes  us  with  a  possible  reflex 
arc  through  which  the  visual  impulses  brought  into  the  lower  optic 
centers  may  cause  co-ordinated  movements  of  the  eyes  or  of  the 
head.  Usually  it  is  assumed  that  conscious  ^■isual  sensations,  and 
especially  visual  associations  and  memories,  are  aroused  only  after 
the  impulses  reach  the  occipital  cortex.  In  the  fishes  the  midbrain 
fonns  the  final  ending  of  the  optic  fillers  and  in  these  animals, 
therefore,  whatever  psychical  artivity  accompanies  the  visual  proc- 
esses must  be  mediated  through  this  portion  of  the  brain.  In  the 
higher  animals,  however,  the  development  of  a  cerebral  cortex  is 
followed  by  the  evolution  of  the  optic  radiation,  and  as  the  con- 
nections i^f  the  occipital  cortex  increase  in  importance  those  of 
the  midbrain  (\nth  the  optic  fibers)  dwindle  correspondingly. 
Here,  as  in  other  cases,  the  psychical  activity  is  concentrated  in 
the  portions  of  the  brain  lying  most  anteriorly,  and  doubtless  the 
degree  nf  consciousness  is  greatly  intonsifietl  in  the  higher  animals 
in  correspondence  with  the  development  of  the  cerebral  ctvrtex 
whose  striking  characteristic  is  its  capacity  to  evoke  a  psychical 
reaction. 

The  Auditory  Center.— The  location  of  the  auditor\'  area  has 
been  investigatfMi  along  lines  similar  to  those  used  for  the  visual 
center.  The  exi»erimental  physiological  work  has  yielded  varying 
results  in  the  hands  of  different  obser\x^rs.  Munk  and  Ferrier 
placed  the  cortical  center  for  hearing  in  the  temporal  lol)e.  and 
in  spite  of  iiegntive  results  by  Schiifer  and  others  tliis  localization 
has  been  shown  to  be  substantially  correct.  Entire  ablation  of 
both  tem(X)ral  lol)es  is  followed  by  complete  deafness.  Ablation 
on  one  side,  however,  is  followed  only  by  impairment  of  hearing, 
and  in  the  light  of  the  results  from  histology  and  fmm  the  clinical 
side  it  seems  probable  that  the  connections  of  the  auditors  cortex 
with  the  ear  follow  the  genera!  schema  of  the  opti<'nl  system  rather 
than  that  of  the  body  sen.srs.  That  is,  it  is  prol)ai>l(^  that  the 
auditor>^  filjers  from  each  ear  end  partly  on  the  same  side  and 
partly  or  mainly  on  the  op[HKsite  side  of  the  cerebnun.  The  exact 
jx>rtion  of  t!ie  temi>oral  lobe  that  serves  as  the  imm<Hliate  organ 
of  auditor\'  sensations  cannot  be  determined  with  certainty,  but 
it  seems  certain  that  it  lies  mainly  in  the  superior  temporal  gyrus, 
and  the  transverse  gyri  extending  from  this  into  the  fissure  of 
Sylvius. 

The HisLologioil Evidtmce. — On  liie  liLstoIogical  side  the  patlis  of 
the  auditory  fibers  have  been  followed  with  a  large  measure  of  suc- 
cess, although  in  many  iletaiLs  the  opinions  of  the  different  investi- 
gators vary  consiilcralily.  The  eighth  cranial  nerve  spruigs  from  the 
bulb  bv  two  roots:  the  external  and  the  internal.    The  former  has 
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en  shown  to  supply,  mainly  at  least,  the  cochlear  portion  of  the 
mtomal  ear,  and  Ls,  therefore,  the  auditory  ner\'e  proper.  Thk 
division  Is  spoken  of  as  the  cochlear  branch.  The  internal  root  su[>- 
plies  mainly  the  vestibular  branch  of  the  internal  ear,  and  is  there- 
foa-  spoken  of  as  the  vestibular  branch  (see  Fi^.  89) .  It  seenis  cer- 
tain that  the  latter  is  not  an  auditor}*  nen-e,  but  L*  concerned 
irith  peculiar  sensations  that  have  an  important  influence  on  mus- 
cular activity,  especially  in  complex  movements.  The  central 
course  of  these  two  roots  is  quite  aa  distinct  as  their  peripheral 


Paat«rior  nuclcue. 


Deiten's  nucleus. 

DutbaI  du  clous. 
Venlrftl  nucleus. 


■  Spiral  gaoclioD. 
nr  n.^TlM  medalUry  nuclei  of  the  flighth  nerve. — (From  Poirier  and  Charjry-) 

distribution, — a  fact  that  bears  out  the  supposition  that  they  medi- 
ate flifferent  functions.  The  central  C(iurj<e  of  tlie  cochlear  branch 
ie  indicated  schematically  in  Figs.  89  and  90.  The  fibers  con- 
stituting thl^  branch  arise  from  ner\'e  cells  in  the  modiolus  of  the 
cochlea, — the  spiral  ganglion.  These  cells,  like  those  in  the  posterior 
root  ganglia,  are  bipolar,  (^ne  axon  passes  j^eripherally  to  end  around 
the  .<ense  ceils  of  the  cochlea,  at  which  point  the  s^nind  waves  arouse 
ihc  ner\'o  impulses.  The  other  axon  passes  toward  the  |>on*,  forming 
one  of  the  fibers  of  the  cochlear  branch.  On  entering  the  pons 
Ihoae  cochlear  branches  end  in  two  nuclei,  one  lying  ventral  to  the 
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restiform  body  and  known  as  the  ventral  or  accessory  nucleus 
{V.n.j  Fig.  9()),  and  one  dorsaily,  known  as  the  dorsal  nucleus  or 
the  tuJ>en'i]luni  acuslicum  {D.n.).  From  these  nuclei  the  path 
is  coiitiiuied  by  secondary'  sensor}'^  neurons,  and  its  further 
course  towanl  the  brani  is  still  a  matter  of  much  uncertainty 
in  regard  to  many  of  the  details.*  The  general  course  of  the 
fibers,  liowever,  is  known.  Those  axons  tliat  arl^e  from  the 
acccssorv'  nucleus  pass  mainly  to  the  opposite  side  by  slightly 
different  routes  (Fig.  90).  Some  strike  directly  across  toward  the 
vental  side  of  the  pons,  forming  a  conspicuous  band  of  transverse 

fibers  that  has  long  been 
^  known     as     tlie     corpus 

~ "'  trapezoideuni ;       others 

pass  ilorsally  around 
the  restiform  body  and 
then  course  downward 
througli  the  tegmental 
region  to  enter  the  cor- 
pus trapczoidcum.  The 
fibers  of  this  cross  band 
end,  according  to  some 
obsen'crs,  in  certain  nu- 
clei of  gray  matter  on  the 
opposite  side  of  the  pons, 
especially  in  the  superior 
olivan*  body  and  the 
trapezoidal  nucleus,  and 
thence  the  path  forward 
is  continued  by  a  third 
neu  ron .  Certainly  fro  m 
the  level  of  the  superior 
olivar>'  body  the  audi- 
tor>'  fibers  form  a  dbr- 
tinct  band  long  known 
to  the  anatomist  anil  des- 
ignated as  tho  lateral  fillet  or  lateral  lemniscus.  Authors  differ 
as  to  whether  the  fibers  of  this  tract  arise  from  nerve  cells  in  the 
superior  olivary  and  neighboring  nuclei,  or  are  the  fibers  from  the 
acce«8or>'  nucletis  which  pa.ss  by  the  superior  ohvan*-  body  with- 
out ending  tuut  then  bend  to  rim  forward  in  a  longitudinal  direc- 
tion. This  last  view  is  represented  in  the  schema  (Fig.  90).  The 
secondary  sensor\'  fibers  that  arise  in  the  luberculum  acusticum 
j>a«8  dorsally  ami  then  transversely,  forming  a  l^and  of  fibers  that 
comes  so  near  to  the  surface  of  the  floor  of  the  fourth  ventricle  as  to 
•  For  literature  aee  Van  Gehuchten,  ''Le  N^vraxe/'  4,  253,  1903. 


Fig.  00> — Diinrain  to  nhow  central  course  of 
Awlitory  fibeni  (modifini  from  Van  OehuchUn) : 
D.n.,  UortmH  nucleus  ppvlnut  riM  to  the  fibers  that 
form  the  auditory  ntrin  (a.n);  V,n.,  the  wntr^  nu- 
t-lruM,  Rtvinic  origin  to  the  fib«n*  nf  the  corpus  trspo- 
Efii<lrum  <{-.tr.);  a.a.,  nuperi<ir  olivnry  nucleus;  I.I., 
lateral  ftllet;  n.«..  nudeuA  of  the  Utflrnl  fillet;  i.g.i.t 
Xht  inferior  colli  oulua. 
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fonn  a  structure  visible  to  the  eye  and  knowii  as  the  mediiUar>'  or 
WiditOfy  striir.     The  fibers  of  this  sywiem  dip  inward  at  the  raph^ 
eross  the  mid-line,  ami  a  part  of  thena  at  least  t'vontually  roacli  tlie 
Utetai  fillet  of  the  other  side  either  with  or  without  ending  first 
around  the  cells  of  the  superior  olivar>'  nucleus.    According  to 
the  depcription  of  some  authors,  the  hhers  from  the  accesison^  nu- 
cleus an<l  tuberculum  acusticuin  *lo  m>t  all  cro«.^  the*  mid-line  to  reach 
the  lateral  fillet  of  the  other  sitie;  some  of  them  pa.sH  into  the  lateral 
fillet  of  the  same  side;  so  that  the  rt^lutions  of  the  fibers  of  the  coch- 
lear nen*es  to  the  lateral  fillet  re.semlde,  in  the  matter  of  crassing, 
ibe  relations  of  the  optic  fil>ers  to  tlic  opt  if  tract.     After  entering 
the  lateral  fillet  the  au(iitor>-  fil>ers  pass  fonvani  toward  the  midbrain 
and  tad  in  part  in  the  gray  matter  of  the  inferior  coUieulus,  of  the 
median  or  internal  geniculate,  and,  according  to  Van  (Jehuchten, 
in  a  small  mass  of  ner\'e  cells  in  the  midbrain  known  a.s  the  superior 
nudcus  of  the  fillet.     From  this  stM-ond  or  tliird  termination  an- 
other set  of  filjers,  the  auditory  radiation,  continues  for^vard  through 
the  posterior  extremity  of  the  internal  capsule  to  end  m  the  su|)crior 
temporal  g\*rus  (see  Fig.  77,  E).     According  to  Klechsig  *  who  has 
Jliidied  the  course  of  these  filit:»rs  in  the  embryo  l^y  the  njyeliniza- 
tion  method,  the  main  group  passes  from  the  intenud  geniculates  to 
ihp transverse gyri  of  tlie  temfK>ral  lobe  within  the  fissure  of  Sylvius. 
The  internal  geruculates,  in  man  at  lea»st,  have  therefore  the  func- 
tion of  a  subordinate  audit or^'  center,  as  the  external  geniculates 
have  the  function  of  a  sulx)rdinate   visual  center.     The   internal 
geniculates  are  cnrmected  \\ith  the  inferior  collictdtts,  and  uLso,  it 
wHI  be  remembered,  with  each  other,  by  commissural  fibers  (Ciud- 
den's  commissure)  that  pass  along  the  optic  tracts  and  the  imsterior 
Dmrjgin  of  the  chiasma.     The  auditory  path,  therefore,  involve:^  the 
following  structures:    The   spiral    ganglion,    the    cochlear   nerve, 
Aoocesory  nucleus  and  tuberculum  acusticum,  corpus  trapezoideum, 
medullan.*  striae,  superior  olivar,',  ktera!  fillet,  inferior  coUicuKis, 
median  geniculate,  Gudden's  cormuissure,  auditor^'  radiation »  and 
temporal  cortex. 

The  Physiological  Significance  of  the  Lower  Auditory  Cen- 
ters.— The  auditory  path  Cf»nnects  ilin*ctly  witli  two  nr  three  sets 
of  nerve  cells  l)efore  terminating  finally  in  the  cortex.  The  lower 
caiten  in  |K)ns,  midbrain,  or  thalamencephalon  connect  i)robably 
with  motor  paths  through  wliich  ;o-ordinated  reflex  movements 
may  be  effected.  But  whether  or  not  any  perceptible  degree  of  con- 
•riousoefiB  can  be  mediated  through  these  lower  centers  remains 
Qodetermined.  Goltz's  dog  without  its  cerebrum  could  be  awak- 
eniwi  from  .sleep  by  loud  noises,  and  Schafer  contends  that  in 
monkeys  the  removal  of  both  temfX)ral  lobes  is  not  followed  by 
•  Flechflig,  **  IvOCAlisation  dergeistigen  Vorgiuige,"  Leipzig,  1896. 
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complete  deafness.  As  in  the  case  of  viition,  questions  of  this  kind 
will  eventually  find  their  most  satisfactory  answer  from  the  study 
of  the  results  of  pathological  lesions  in  man. 

The  Motor  Responses  from  the  Auditory  Cortex. — Accord- 
ing to  Kerrier,  stimulation  of  the  cortex  of  the  temporal  \o\ye  (infe- 
rior convolution)  causes  definite  movements,  such  as  pricking  of 
the  ears  and  tuniuig  of  the  head  and  eyes  to  the  opposite  side. 
As  in  the  case  of  the  visual  area,  therefore,  we  must  suppose  that 
distinct  motor  paths  originate  in  the  auditors  region,  and  it  h 
natural  to  suppose  that  these  jiaths  give  a  means  for  cortical  reflex 
movements  following  upon  auditor)'  stimulation. 

The  Olfactory  Center. — The  olfactory-  sense  is  quite  un- 
iHjuiilly  <U'vel()j)cd  in  diffen'nt  mammals.  Broca  divided  them  from 
this  strtiuipoint  into  two  classes:  the  osmatic  and  the  anosmatic 
group,  the  latter  influiling  the  cetacea  (whales,  porpoise,  dolphin). 
The  osmatic  group  in  turn  has  been  divided  into  the  microsmatic 
aud  macrosmutic  animals,  the  latter  class  including  thuse  animals 
in  which  the  sense  of  smell  is  highly  developed,  such  as  the  dog 
ami  rnl>hit>  while  the  foniier  includes  those  animals,  such  as  man, 
in  which  this  st-nse  is  relatively  rudinientar>*-*  The  peripheral  end- 
organ  of  smell  consists  of  the  olfactor>'  epithelium  in  the  upper 
jMirtion  of  the  nasal  chambers.  The  physiolog>'  of  this  organ  will 
Ih*  cohsiileretl  in  the  section  on  si>ecial  senses.  Tlie  epithelial 
rella  of  which  it  consists  are  comf)arable  to  bipolar  ganglion 
ctHi*,  The  processes  or  hairs  that  pn^ject  into  the  nasal  chamber 
lire  acted  ufx^n  by  the  olfactory*  stimuli,  and  the  impulses  thus 
ttr*niMc*d  are  conveyed  by  the  basal  processes  of  the  cells,  the  olfae- 
torv  rd>era.  through  the  cribrifonn  j>]ale  of  tin*  ethmoitl  bone  into 
the  olfactory  bulb. 

The  Olfactory  Bulb  and  its  Connections. — The  olfactory 
bldlw  are  t»ulgrt»wths  from  and  [xirtions  of  the  cerebral  hemi- 
(•plH'HSH.  Mach  bulb  is  connected  with  the  cerebral  hemispheres 
by  ilH  olfactory  tract.  The  connections  established  by  the  fibers 
f»f  thU  tract  are  widespread,  complicated,  and  in  part  incom- 
pleleh*  known.  All  those  portions  of  the  brain  connected  \^^th 
(he  •H'nw  i)f  smell  are  sometimes  grouped  together  as  the  rhinen- 
ctt|»h«ilon.  Acconiing  to  von  KoUiker.  the  parts  included  under 
Ihla  d»»«iK"ft^>^"  »""•  ^^  addition  to  the  olfactor\'  bulb  and  tract, 
Amiiimui'h  horn,  the  fascia  dentata.  the  hipfjocampal  lolje,  the  fornix, 
the  •rplum  lucidum,  and  the  anterior  commissure.  The  schematic 
iMunuvtions  of  the  olfactor>-  fibers  are  as  follows  (Fig.  91):  After 
WilorlMtf  the  olfactorj'  lobe  the  fibers  terminate  in  certain  globular 
IkmKimi,  iIu-  glomendi  olfactorii  (B).\yhose  diameter  varies  from  0.1  to 
tl^liiiMi  Heiv  connections  are  made  by  contact  with  the  dendrites 
•  mnf  lU^rkiT.  "The  Nervous  System/'  li»9,  for  rrferenees  to  literature. 
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of  nerve  cells  of  the  olf actor}-  lobe,  the  mitral  and  brush  cells  (C). 
The  axons  of  these  cells  pass  toward  the  brain  in  the  olfactory  tract. 
Three  bundles  of  these  fibers  are  distin^shed:  (1)  The  precommis- 
sural bundle,  the  fibers  of  which  tcmtinate  in  part  in  nerve  cells  sit- 
uated in  the  tract  itself,  but,  for  the  most  part,  enter  the  anterior 
eommissure  and  pass  to  the  same  or  the  opposite  side^  to  end  in  the 
hippocampal  lobes  or  other  gray  matter  belonpng  to  the  rhinen- 
cephalon.  (2)  The  mesial  bundle,  the  fibers  of  which  terminate 
in  the  gray  matter  adjacent  to  the  base  of  the  olfactory  tract, 


V)t^  91. — DUicnun  of  the  central  cnurte  of  the  olfactory  fitiera:    /,  Olfactory  bulb; 

If*  flilMinfy  (rnct;    ///,  corteic  r>f  tlio  hippocampal  lobo  (gyrus  uncmatus) ;    JV.  anterior 

e.  olfttfUiry  portion:  A,  olfnotury  etUtiielial  cclU  of  nr»so  (their  fibers,  olfactory 

■»,  lerminaKi  in  the  Kloineruli  of  ihc  bulh);   H.  fflonicruU  of  olfactory  bulb  where 

Jke  fttMtory  fibers  come  in  umtari  with  the  rlemJrtte.i  iii  the  mitral  cell.i;    C,  mitral  and 
|lV|kcia>;    1»  2.  3,  mxoDB  from  the  milral  relh  constituting  Itie  ni>em  of  the  olfactory 
\     Ffbefv  3«  which  enter  the  cuniniisBur«.  ariiw,  accorUins  to  sume  oboervers^  from 
lA  tba  (JIactory  lobe  near  the  baae  o{  the  tract. 


the  tuberculum  olfactorium,  whence  the  path  is  probably  continued 
by  other  neurons  to  the  region  of  the  hippocampal  lobe.  (3)  The 
lateral  tract,  whose  fibers  seem  to  pass  tf>  the  hip(>ooam|)al  lobo  of 
I  tile  same  side.  Acrordinj;  to  Van  (Jehiu-hton.*  nono  of  the  fibers 
of  the  anterior  commissure  arise  from  the  ncnx  cells  in  the  olfactory 
bulb.  He  considers  that  the  fibers  in  the  olfartori'  portion  of  this 
commissure  constitute  an  association  system  coimecting  the  olfac- 
tar>'  lobe  of  one  side  with  the  olfa(»tory  bulb  of  the  other  side. 

•Van  Oehuchttn,  "l.c  N^vraxe."  6,  !91.  1904. 
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ftVOUS  SYSTEM. 


The  Cortical  Center  for  Smell. — iSo  far  as  the  histolo^cal 
evitleiice  goes,  it  tends  to  .show  that  the  chief  cortical  termination 
of  the  olfact^^ry  paths  is  found  in  the  hippocampal  lobe,  especially 
its  ilistal  [mrtion,  the  ^ynis  iinrinatus.  The  experimental  evi- 
dence imm  the  siile  of  physiology  points  in  the  same  direction. 
Ferrier  states  that  electrical  stimulation  in  this  region  is  followed  by 
a  torsion  of  the  lips  aiul  nostrils  of  the  same  side,  muscular  move- 
ments that  arcoinpany  usiuilly  strong  olfactory  sensations.  On 
the  other  hantl,  ablations  of  these  regions  are  followed  by  defecta 
in  the  sense  of  smell.  The  exi)eriniental  e\idence  is  not  very 
satisfactory,  owing  to  the  technical  difficulties  in  operating  upon 
these  portions  of  the  brain  without  at  the  same  time  involving 
ncighl>(»ring  rcgicms.  There  is  some  clinical  evidence  also  that 
lesions  in  this  n'gion  involve  the  sense  of  smell.  Thus  Carbonieri 
records  that  a  tumor  in  this  j>t:)rtion  of  the  temporal  lobe  occa- 
sioned epileptic  attacks  which  were  accompanied  by  nauseating 
odors. 

The  Cortical  Center  for  Taste  Sensations.— Practically 
notluiig  dclhiite  is  known  concerning  the  central  paths  and  cortical 
tcrniinatiim  of  the  taste  fibers.  The  course  of  these  fibers  in  the 
I>eripheral  nerves  has  been  much  investigated  and  the  facts  are 
menfiomul  in  the  section  upon  "special  senses."  It  is  usually 
aHHiuuciK  idlliough  without  much  decisive  proof,  that  the  cortical 
center  lies  also  in  the  hippcx-ampal  convolution  jx>sterior  to  the 
urea  of  olfactioiK  lv\porinicn(al  lesions  in  this  region,  according 
U*  l''('rrit»r»  are  acconiiianied  by  disturbances  of  the  sense  of  taste. 
On  eruhryological  grounds  Hechsig  supposes  that  the  cortical 
cenl4'r  niav  lie  in  the  po.^^terior  portion  f)f  the  g>*nis  fomicatus 
(6.  Fig.  04). 

Aphasia. — The  term  aphasia  means  literally  the  loss  of  the 
p*>W('r  of  speech.  It  was  used  originally  to  iniHcate  the  condition  of 
thtm*  who  from  accident  or  disease  affecting  the  hmin  liad  lost  in 
jjurt  <jr  entirely  tin*  power  of  expressing  themselves  in  spoken  words, 
Ijut  the  term  as  a  geneml  exprt»,ssion  is  now  extended  to  include 
tliOMi  who  are  luiablo  to  understand  sjmken  or  written  language, — 
tluit  in,  thoHc  who  are  wonl-blind  or  word-deaf.  It  is  usual,  there- 
f(;re,  to  dij^tingiiish  sensory  aphasia  from  motor  aphasia.  By  the 
latter  term  is  meant  the  condition  of  thosc^  who  are  unable  to  sjv^ak, 
and  by  wnsory  aphasia  those  who  are  unable  to  imderstand  the 
written,  printed.  orsjKjkcn  sym!)ols  of  w^ords. 

Mutitr  Aphamu. — A  contlition  of  motor  aphasia  not  infrequently 
reinjttA  froiM  injuries  to  the  head  or  from  hemorrhage  in  the  region 
of  i\u*  middle  cewhral  arten'.  The  first  exact  knowledge  of  the 
pr>rtirm  of  the  brain  involved  seems  to  have  been  obtained  by 
Bouillaud  (1825)  as  the  result  of  numerous  autopsies. 
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(It  ifi  a  curious  fact  that  Bouillaud's  observations  wen?  inspired  by  the  work 
tfGall.  0«11  having  olxterved.  as  he  thought,  that  individuals  who  are  fluent 
gpMkcnor  who  have  retentive  memories  are  cbaractcriaed  Uy  projettinj;  eyes, 
CDoAldBd  that  this  peculiarity  is  due  to  the  larger  stzi^  of  tlie  lower  part  of  the 
fraotjd  lobe,  and  he  therefore  boated  the  faculty  of  8t>ee€h  in  lliis  region  of  the 
bnto.  In  «pile  of  the  vagaries  into  which  he  wa.s  led  by  hi:*  faW  methods  Gall 
■adeoutfiy  mo9t  important  contributions  to  our  knowledge  of  the  anatomy  of 
tbe brain  and  the  c*>rd.  The  diHcttv^Tv*  of  the  loealion  of  the  center  nf  si>eech, 
h0«i>r«r.  cannot  be  rightly  place<l  to  bun  crudit,  aiucc  bis  rca^^ins  fur  its  location 
tere. so  far  as  we  know,  entirely  unjtwtified.  Ir  cannot  l>e  reckoned  as  more 
titto  ft  ooinetdenop  that  in  thiti  particular  hiH  phrenological  localization  wa:a 
kh^rward  in  a  measure  justified  by  facta.) 

TbB  esBential  truth  of  Houillaui.rfl  ohser\*ation.s  was  cstalilished 
pother  observers,  and  Jlmca  cs|X:»pially  h>catcd  the  part  of  (lie 
bnin  involveti  in  these  lesioas  in  the  posterior  part  of  the  third  or 
jofcrior  frontal  convolution.  This  region  is,  thercforrs  frequently 
known  as  Hroca's  convolution  or  Hrr)ca's  center.  SuliMNjuent  ol>- 
aen'ations  have  abtindantly  confirtited  thiti  ItH'tilization,  luul  wJiat 
^designated  as  the  "speech  center*'  is  j^lat'ed  in  the  inferior  frontal 
eonvoiution  in  the  gv-rus  surroumiing  the  anterior  or  a.secnding 
linil)  of  the  fissure  of  Sylvius  (*S,  Fig.  92.)  Moreover,  autopsies  have 
eho)^!]  that  in  right-handed  [x^rsoas  tliis  center  i.s  placed  or  is  func- 
tional usually*  in  the  left  cerebral  hemLsphere,  wtiile  in  the  ca.se  of  left- 
handed  in^lividuals  aphakia  and  paralysis  are  pmduced  by  lesions 
involving  the  right  .*dde  of  the  brain,  'j'his  region  is  not  the  direct 
cortical  motor  center  for  the  muscles  of  sjMH^eh.  It  isj>osslhIc  that 
aphft^  may  exist  without  pamlysis  of  these  latter  muscles.  It 
is  rather  the  memor>*  center  of  the  motor  inner^-ations  necessary 
to  form  the  appropriate  sountls  or  words  with  which  we  have  learned 
to  express  certain  concepts.  The  diiltl  is  taught  to  exprt\ss  certain 
rlfan  by  definite  words,  and  the  memory  api)aratus  through  wFiich 
ttesc  associations  aix?  transmitted  to  the  motor  aj^jjaratus  ina.v 
be  conceived  as  located  in  the  speech  center,  1^'sioas  of  any  kind 
•ffftctiug  this  area  \viU  therefore  destroy  more  or  less  the  ability  to 
OR  appn)priately  spoken  words,  and  clinical  experience  shows  that 
motor  apiia-iia  may  l>e  exhibited  in  all  deforces  of  completeness  and 
in  numy  curioiLs  varieties.  The  individual  may  retain  theiv>werto 
OK  a  limited  niunlx?r  of  wonJs,  with  which  he  expresses  his  whole 
iwij^'  of  idca.*^,  fus,  for  instance,  in  the  case  descril>cd  iiy  Hroca,* 
in  which  the  individual  retained  for  the  expressioti  of  nmiibers  only 
the  word  three,  and  was  obligetl  to  make  this  word  do  duty  for  all 
numerical  concepts.  Other  cases  are  reeorderl  in  which  the  patient 
bwi  Ifwt  only  the  jxjwer  to  tisc  names — that  is,  nouns  (Marie)— 
or  could  rememl)er  only  the  initial  letters.  (Hhers  still  in  which 
wonln  could  l>o  used  only  when  associated  with  nuisical  memories, 
•H  in  singing.     It  does  not  seem  to  l>e  certain  whether  or  not,  in 

•  Exnrr.  "Hrnnann's  Uandbuch  der  Physiologic."  vol.  iii,  part  ix,  p.  342. 
CbtMult  fur  older  literature. 
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FHYSIOUXJT  OF  CEXTRAl. 


the  OHe  of  complete  lesion  of  the 

Other  ttai  be  tAught  to  assume  its  fanrtina 

i«em  to  indicate  that  thi^  subetitatiaA 

lASk  in  the  oUI  it  U  more  diffirult  or  im; 

thoagiita  not  only  in  Hpoken  but  also  in 

lat(-«rr  fonn  of  cxprcHsion  involves  a  difietmC  mm  «f 

difffrrrrnt  (uhicational  experience,  it  is  Bataal  to 

complfoc  aftWM-iationit  concerned,  or,  to  use 

th#r  Tiwnuiry  c<^ntorv,  nhoitld  involve  a  difcieMt  part  t£  %km 

it  in,  in  fftet,  oliMcrvcd  that  some  aphaaes 

of  lorn  of  pr>wer  to  write, — a  condition 

Tba  area  in  which  the  motor  aseoctatiotis  for  the 


Pi 


09.— I^Uml    vUw    of   »   humjui    hemiMibfre: 

''— •'     *',    (UmNoo)    to   whirfi    prtKluccfi    '  raiiui- 
il  liiiiiiliifMM) '    pititic-nl   uM*a   H,  ilamaga 
"iiiIimI  ilniifiiuMi"    (wiir<l-(l«afiMai;: 
whirli   ruiLM*M   the  la^  of 
Hui  \y,  ilMmutn  to  which  &bol- 


lllhl'l*    ll|MU<('lt|    JMtflli 


oortieal 
for  the 
aim    and 
rig.92). 

In  seaaoix 
(amnesia)  thei 
ual  suffers  hvBx 
inability  to 
stand  spolcen  or  writ- 
ten language,  and  aa 
the  cortical  centers  for 
hearing  and  seeing  are 
situated  in  distinct 
parts  of  the  brain,  we 
should  expect  t hilt  the 
rnifchnnlMiM  for  tim  (iMWtcititiitn,  tn  one  case  of  \isual  memories  of 
viTl»nl  ^viiiIkjIn  with  cort»in  concepts  and  in  the  other  case  of 
jiiiditorv  iiMMiMirirM,  Kh^iiild  also  he  located  in  separate  regions. 
Iruilnhly  to  unfliTHlfiml  Hi>(>kc»n  laiig\iage,  or  word-<ieafness,  is,  in 
fiwt,  iiHimlly  ftHrilmtrd  t(»  n  lesion  invohing  the  first  temporal 
convohilion  mnitiKMuuM  (n  tho  cortical  sense  of  hearing  (//,  Hg.  92), 
whil*'  iimh  of  jM)Vvrr  to  l^ldrr^tan^I  written  or  printed  language,  wiird- 
bllndfK'MM,  irt  Inirrtj  hi  l»'niniin  invi>lving  the  inferior  parietal  con- 
viihition,  the  gyniH  anguliiri.H,  contiguous  to  the  occipital  vLs-ual 
ct'iHor  d",  I'ij^.  02).  *rii(*H<*  two  conditions  niay  occur  together, 
but  cnM!N  an^  reconlod  in  which  they  existed  independently.     It 

•  Oiruiiik  Htiirr,  "  Aphuiim,"  "Trnnsnctioufl  of  the  Congreas  of  American 
lliynicijinM  unci  Hurcooiui/'  vol.  I,  p.  32(1,  1888. 


imm  lit*  iMiwHr  Iff  wrttlitM.      (tionatdmim.) 
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may  be  imagined  that  the  individual  sufTering  from  word-blindness 
alone  is  essentiaUy  in  the  condition  of  one  who  attempts  to  read 
a  foreign  language.  The  |X)wer  of  vision  exists,  but  the  verbal 
symboLi  have  no  associations,  therefore  no  im^aning.  80  one  who  is 
«nord-<leaf  alone  may  be  compared  to  the  normal  iniiiviilual  who  is 
spoken  to  in  a  foreign  tongue.  The  words  are  heard,  but  they  have 
DO  associations  with  pant  experience. 

The  general  facts  regarding  aphasia  ilhistrate  exrellently  the 
mcMlem  conception  of  cerebral  localization.  The  uuderstantling 
and  the  use  of  spoken  or  written  language  is,  so  to  speak,  a  mental 
whole,  both  from  the  standpoint  of  education  and  of  use.  To 
understan<l  or  to  express  certain  conceptions  implies  the  use  of 
definite  words,  and  our  visual,  auditory,  aiul  motor  experiences  are 
combine*]  in  these  symbols.  Each  phase  of  this  coni[>lex  may  be 
cultivated  more  or  less  separately;  in  the  case  of  the  unlettered 
man,  for  instance,  the  written  or  printed  symbols  form  no  part 
in  the  associations  connected  with  his  verbal  concepts.  Corre- 
sponding to  these  facts  we  have,  on  the  anatomical  side,  a  portion 
of  the  brun  in  which  the  auditory  memories  are  organizetb — that 
ia,  connected  in  some  way  with  a  definite  arrangement  of  nerve 
cells  and  their  processes,  another  part  in  which  the  visual  memories 
aie  organized,  and  other  parts  in  which  the  nK)tor  nieniories  as 
regards  speaking  or  writing  are  laid  down  in  some  definite  fr>rm, 
Kaeh  part  is  a  distinct  center,  hut  their  condnno^I  use  in  intellectual 
life  would  imply  that  they  are  connected  by  association  fibers,  so 
that,  although  fundamentally  distinct,  they  are  practically  com- 
bine«]  in  their  activity.  Corresponding  with  this  conception  it  is 
found  from  clinical  experience  that  aphasics,  although  the  lesion 
may  affect  only  one  of  the-se  varicius  centers,  suffer  a  deterioration, 
more  or  less  pronounced,  of  their  general  intellectual  capacity. 
We  may  conceive  that  the  varying  gifts  of  individuals,  in  the 
matter  of  the  use  of  language,  rest  partly  on  the  amount  of  train- 
ing received  and  partly  on  the  inborn  character  and  completeness 
of  the  ner\'ous  maehinerj'  in  the  different  centers. 

The  Association  Areas. — According  to  the  views  presented 
above,  it  will  be  seen  that  the  motor  and  sense  areas  occupy  <:>nly 
a  small  portion  of  the  cortex,  forming  islands,  as  has  been  said, 
surrounded  by  much  larjjer  areas.  Flcchsig*  has  designated  these 
latter  areas  as  association  areas,  and  has  advocated  the  view  that 
they  are  the  portions  of  the  cortex  in  which  the  higher  and  m<^re 
complex  mental  acti\nties  are  mediated,  the  tnie  organs  of  thought. 
His  views  as  to  the  relations  and  physiological  significance  of  these 
areas  have  been  based  chiefly  on  the  study  of  the  embryo  brain 

•  Flpcbsift,  "Clehim  und  Seele."  Leipzig.  1890;  also,  "Archivefl  de  neurol- 
c«ic/'  vol.  ii,  1900. 
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with  Reference  to  the  time  of  acquimtion  of  the  myelin  sheaths. 
Thus  ho  finds  that  the  fibers  to  the  sense  arcaa  arquire  their  myelin, 
and  therefore  acoording  to  his  view  become  fully  functional  before 
thosT  distributed  to  the  association  areas.  Moreover,  in  the  em- 
bryo, at  least,  these  latter  uresis  are  not  supplied  with  projection  ' 
fibers, — that  is,  they  are  not  connected  directly  with  the  under- 
lying parts  of  the  nervous  systems.  Their  connections  are  with 
the  various  sense  centers  and  motor  centers  of  the  cortex. 

The  association  areas  may  be  regarded  therefore  as  the  regions 
in  which  the  diiferent  sense  impressions  are  synthesized  into  complex 
f>erceptions  or  concepts.  The  foundations  of  all  knowledge  are 
to  Ix;  found  in  the  sensations  aroused  through  the  various  sense 
organs;  through  these  avenues  alone  can  our  consciousness  come 
into  relation  with  the  external  or  the  internal  (somatic)  world, 
and  the  imion  of  these  sense  impressions  into  organized  knowledge 
is,  according  to  IHeehsig,  the  general  function  of  the  association 
areas.  Tins  function  of  the  association  ai'ea.s  is  indicated  by  the 
anatomicid  fact  that  they  are  connected  with  the  various  sense 
centers  by  tracts  of  apsocintion  fibers,  suggesting  thus  a  mechanism 
by  which  the  sense  qualities  from  these  separate  sense  centers  may 
be  combineil  in  consciousness  to  fomi  a  mental  image  of  a  complex 
nature.  The  seiiuencr  of  f)henomena  in  the  external  world  is  or- 
derly, and,  corrrspondii^g  to  this  fact,  the  reflection  of  these?  phenom- 
ena in  t!ie  se<[uence  and  condiinutions  of  sensations  is  also  orderly. 
In  the  association  areas  our  memory  n'cords  of  past  ex|>erienee8 
and  their  connections  are  laid  down  in  some,  as  yet  unknown, 
material  change  in  the  network  of  nerve  cells  and  fibers.  Here. 
as  elsewhere  in  the  nervous  system,  it  may  be  supposed  that  the 
efficiency  of  the  nen'ous  machinen'  is  contlitioned  partly  by  the 
completeness  and  ehnraeter  of  training,  but  largely  also  by  the 
iidwirn  character  of  the  ma*'hinery  itself.  The  very  niarke<l  difTer- 
eni-es  among  intelligent  and  rultivatod  persons — for  instance,  in 
the  matter  of  musical  memory  ami  the  jviwer  of  appreciating  and 
reproducing  musical  harmonics — caimot  be  attributeil  to  differences 
in  training  alone.  The  gifted  person  in  this  respect  is  one  who  is 
bom  with  a  certain  portion  oi  his  imdn  mon*  highly  organized  than 
that  r)f  most  of  his  fellow-men.  This  general  conception  that  the 
siK'i'ial  capacities  of  talented  individuals  rest  chiefly  upon  inborn 
diiTerences  in  structure  or  organization  i»f  the  brain  may  be  re- 
garded as  one  outcome  of  the  modem  doctrine  of  localizaticm  of 
functions  in  this  organ.  In  the  beginning  of  the  nineteenth  century 
it  seems  to  have  lx»en  the  general  view  that  those  who  had  a  high 
degree  of  mental  capacity  might  direct  their  activity  with  e(|ual 
success  in  any  direction  according  to  the  training  received.  A  man 
who  could  walk  fifty  miles  iv  the  north,  it  was  said,  could  just  aa 
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[y  walk  fifty  miles  to  the  south,  and  a  man  whose  training 
WMde  him  an  eminent  mathematician  might  with  different  training 
luive  made  an  equally  eminent  soldier  or  statesman.  In  our  da}'. 
howieA'er,  with  oiu-  ideas  of  the  organization  of  the  bmiii  t'ortt^x, 
and  axiT  knowledge  that  different  parts  of  this  cortex  give  (iift'orrnt 
reactions  in  eonsciousness,  it  seem-s  to  follow  that  special  talenli> 
Ape  due  to  differences  in  organization  of  special  parts  of  the 
cortrx 

Subdivision  of  the  Association  Areas. — On  anatomical  grounds 
Flerhsig  distinguishes  three  (or  four)  association  areas:  The  frontal 
or  anterior  (35,  Fig.  95),  which  lies  in  front  of  the  motor  area; 
the  median  or  insular. — that  is,  the  cortex  of  the  island  of  Reil; 
and  the  poelerior.  which  lies  hack  of  the  body  feeling  an»a,  extending 
to  the  occipital  lobe  and  also  lat^^rally  into  the  temporal  lobe. 
This  area  Hechsig  suggests  may  Ije  sulxlividcd  into  a  parietal  area, 
34,  Fig.  95.  and  a  temjx)ral  area,  36,  Fig.  05.  The  greater  n^lative 
development  of  these  areas  is  one  of  the  features  distinguishing 
the  human  brain  from  those  of  the  lower  niarmtials.  In  accorthince 
with  the  general  conception  of  localization  of  functions  Flechsig 
•uiEgests  that  these  areas  have  different  functions,— that  is.  take 
diffenmt  parts  in  the  complex  of  mental  activity.  Hasing  his 
views  upon  the  nature  of  the  association  tracts  connecting 
them  with  the  sense  cent^ers,  he  suggests  that  the  posterior  area 
is  concerned  particularly  in  the  organization  of  the  exjx'rien<'cs 
founded  upon  \isual  and  auditory  sensations,  and  shows  espt^tial 
development  in  cases  of  talents,  such  as  those  of  the  musician, 
which  rest  upon  these  experiences.  The  anterior  area,  being  in 
T  connection  with  the  body  sense  area,  may  possibly  be  es[x^ 
rially  conceme«l  in  the  organization  of  exj)ericnces  bjised  ufx>n  the 
int4*maJ  sensations  (bodily  npi^etites  and  desires).  In  this  part 
of  the  brain  possibly  arises  the  conception  of  individuality,  the 
idea  of  the  self  as  distinguished  fn>tn  the  external  world.  And  in 
alterations  or  defective  development  of  this  portion  of  the  brain 
may  lie  possibly  the  physical  explanation  of  mental  and  moral 
<kgcneracy.  This  general  idea  is  bomc  out  in  a  measure  by  his- 
tological stiidies  of  the  brains  of  those  who  are  mentally  defifitMit 
(amentia)  or  mentally  deranged  (ilementia).  It  is  stated*  that 
the  brain  in  such  cases  shows  a  distinct  wasting  of  the  cortex  and 
that  the  maximum  fo<nis  of  this  change  is  found  in  the  prefrontal 
lobes  (anterior  association  area).  In  the  case  of  the  idiotic  this 
area  Lh  distinctly  undeveloped  and  in  the  insane  the  atrophy  is 
marked  in  proportion  to  the  degree  of  dementia.  Regarding  the 
peculiar  functions  of  the  cortex  of  the  island  of  Reil  there  are  no 
facta  sufficiently  distinct  to  warrant  even  a  provisional  statement. 

•  Bolton.  "Brain,"  1903,  p.  215. 
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The  area  is  much  more  deveioppd  in  man  than  in  the  lower  mam- 
mals, and  its  connections  with  other  parts  of  the  cortex  by  moans 
of  association  tracts  are  such  as  to  lead  to  the  supposition  that 
its  general  functions  are  of  the  higher  synthetic  character  attributed 
to  the  association  areas  in  general. 

I  The  Development  of  the  Cortical  Areas. — In  a  recent  report 
'Flechsig*  gives  the  results  of  an  extensive  study  of  the  time  of 
Pmyelinization  of  the  fibers  in  the  cerebrum  of  man  from  the  fourth 
month  of  intra-utcrine  to  the  fourth  month  of  extra-uterine  life. 
iThe  first  areas  to  develop  in  the  cortex  are  the  primar\'  sense 
centers  (smell,  cutaneous  and  muscle  sense,  sight,  hearing,  and 
touch),  and  later  in  connection  with  these  centers  systems  of  motor 
fibere  appear.  There  are  thus  formed  seven  primar>'  zones.  sensor\^ 
and  motor,  to  which  he  gives  the  name  of  projcdkm  areas.  The 
location  of  these  areas  is  shown  in  part  in  Figs.  93  and  94,  ^  (^,  ^, 
S,  6j  7  (7*),  s,  J5.  Two  areas  connected  with  the  olfactor\'  sensel 
are  not  shown  in  these  figures;  they  appear  in  the  anterior  perforate 
lamina  on  the  base  of  the  brain  and  the  uncinate  gyrus.  Later 
there  is  developed  around  these  primary  projections  areas  what 
Flerhsig  calls  marginal  or  border  zones,  which  have  no  projection 
Jibers,  but  which  arc  connected  by  short,  association  fibers  with 
one  or  mort^  of  the  primary  projection  zones.  J4,  je  to  ss^  in  Figs. 
95  and  96.  These  areas  all  develop  after  birth;  and  from  a 
physiological  standpoint  may  be  regarded  perhaps  as  the  seat  of 
the  organized  memories  connected  with  the  prinian-  sense  cent-ers, 
It  is  injuries  in  these  centers  which  may  be  supposed  to  produce 
ftho  various  kinds  of  aphasia  described  above.  Thus,  areas  ;r,  50>,| 
and  t4  form  border  areas  to  the  priman,'  area  of  sight  (5);  26  has* 
the  same  relation  to  f,  is  to  ^,  and  u,  //  with  7.  I^ter  still 
t!u»  great  association  areas— ^^,  J5,  SG,  Figs.  95  and  96~ac(iuire 
their  myelinated  fik*rs.  These  latter  centers, as  indicated  above,  may 
Im'  considered  as  association  areas  with  more  complex  connections, 
and  they  serve  to  mediate  therefore  the  higher  psychical  activities. 
Flocht^ig^  in  l^i-**  recent  report,  designates  these  areas  from  an  anatom- 
ical point  as  temiinnl  or  central  z<»nes.  As  the  result  of  Ids  his- 
tological work,  as  far  as  it  has  progressed,  he  distinginshes 
thirtv-sLx  areas  in  the  cortex  in  which  the  myelinization  of  the 
filH^Ts  occurs  separately,  and  in  which,  therefore,  by  inference. 
m^nt  physiological  activities  are  mediated.  These  36  areas 
-ubdivided  as  follows: 

Rl/vrlisiff    "  Borichte  tier  matbematisrh-physischpn  Klasf*e  dor  konigl. 

r  .IplUpfiaft  dor  Wissenschaften  zu  Leipzig/'  1904.     For  a  summary  of 

Jisuli^of  t?^^^  8ee  Sobin,  "  The  Johns  Hopkins  Haspita!  Bulletla." 
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V|^  M. — Sune  fobe*  tm  tb«  m»Al  surface  of  tbr  bruin. —  (Flteh*ie)* 
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I.  Primary  area«. 

1».  Ptioiary  projection  areas  (/,  S,  4,  6,  tf,  7.  S  {16),  seven  or 
eight  in  nuuibcr,  and  provided  with  projection  fibers — 
sensory  and  motor. 
IK  Primary  areas  without  projection  fibers  {3,  9,  10,  Xt,  IS,  J,i) 
and  apparently  without  association  fibers.  FunctioDs  un- 
certain. 
n.  Aaaociation  areas. 

IP*  Intermediate  or  border  arcaa,   14,   26~SS,   pro%'ided  with 

short  association  fibers. 
n^  Terminal  or  central  areas,  34,  S5,36t  provided  with  long 
association  fibers. 

The   Corpus   Callosum. — Tlie   corpus  callosum  is  the  most 
Mcuous  of  the  bands  of  commissural  fibers  that  connect  one 
regcbnJ  hemisphere  with  the  other.    Similar  tracts  of  the  same 


Fl^  W.'^DiacnuD  to  ahow  th«  comfHwiliun  nt  tlie  comun  cmllfMum  m*  a  vyatam  of  com" 
miwUTftl  fibers,  without  prujecliun  fiben*.  —  {Ca/'al.) 

nature  are  the  anterior  commissure,  the  fornix,  the 
fcitenum.  etc.  The  position  ami  great  development  of  the  corpus 
I  haa  made  it  the  object  of  experimental  as  well  as  anatoraicai 
DWligBtion.  When  the  corpus  is  divided  by  a  section  alonp  the 
[itudinal  fissure  (v.  Koranyi)  no  perceptible  effect  of  either  a 
tor  or  scnsorj'  nature  is  observed  in  the  animal.  Wlien  it  is 
[iulate<l  electrically  (Mott  and  Schiifer)  from  above  symmetrical 
fDovpmrnts  on  the  two  sides  of  the  body  may  l»e  obtained.  If 
the  motor  cortex  on  one  side  is  removed  stimulation  in  the  lonpi- 
iludinal  fissures  causes  movements  only  on  tlie  side  controllctl 
by  the  uninjure<!  cortex.  These  facts  are  in  harmony  with  the 
iha  of  histolopiral  studies,  which  indicate  that  the  fibers  of  the 
^forpus  callosum  do  not  enter  rlirectly  into  the  internal  capsules 
to  bo  distributed  to  underlying  portions  of  the  brain,  but  are  tnily 
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commissural  and  connect  portions  of  the  cortex  of  one  hemisphere 
with  the  cortex  of  the  other  side.  This  reltition  is  indicated  in  the 
accompanying  diagram  (Fig.  97).  So  far  as  the  motor  regions  are 
concerned,  there  is  some  evidence  that  the  connection  thus  es- 
tablished is  between  symmetrical  parts  of  tlie  cortex  (MuratolT), — 
that  is,  Ijetwecn  parts  havinf;  similar  fimctions, — and  we  may  per- 
haps regartl  the  corpus  as  a  means  hy  which  the  functional 
activities  of  the  two  sides  of  the  eerebnim  are  associatetl. 

The  Corpora  Striata  and  Optic  Thalami. — The  numerous 
masses  of  gray  matter  found  in  the  cerebrum  beneath  the  cortex, 
in  the  thalamenccphalon,  and  in  the  midbrain  have  each,  of  course.i 
specific  functionSj  but,  in  general,  it  may  be  said  that  they  are 
intercalated  on  the  afferent  or  efferent  paths  to  or  from  the  cortex. 
Their  physiology  is  includefl,  therefore,  in  the  description  of  the 
functions  mediated  by  the,se  paths.  For  instance,  the  external 
geniculate  bodies  form  part  of  the  optic  path.  In  addition,  how- 
ever, these  masses  of  cells  contain  in  many  cases  reflex  arcs  of  a 
more  or  less  complicated  kind,  through  which  afferent  impulses 
are  converted  into  efferent  impulses  that  affect  the  musculature 
or  the  glandular  tissues  of  the  iMuly.  The  large  nuclei  constituting 
the  corpora  striata  (nncleus  caudatus  and  n.  lenticularis)  and  the 
optic  thalami  lia\'e  Ix^en  fret^uently  studied  experimentally  to  as- 
certain whether  they  have  specific  functions  imlopenilontly  (if  their 
relations  to  the  cortex.  These  efforts  have  given  uncertain  results. 
Older  experiments  (Nothnagel),  in  which  the  attempt  was  made  to 
destroy  these  nuclei  by  the  localizet!  inje<^tion  of  chromiL-  acid,  are 
probably  unreliable,  as  the  destruction  involved  also  the  projection 
fibers  piissing  to  the  cortex.  I^esions  of  the  nucleus  caudatus  are  said 
to  be  accompanied  always  by  a  rise  in  body  temperature  and  an 
increase  in  heat  production,  and  stimulation  of  the  same  nucleus 
gives  a  ver\*  marked  rise  in  blood-pressure.  These  facts  indicate 
a  possible  connection  of  this  nucleus  with  heat  and  vasomotor 
regulation.  Other  obser\^ers  have  supix>seil  that  these  nuclei  are 
especially  concerned  in  the  coHDrdination  of  the  muscules  concerned 
in  involTmtar\'  or  unconscious  movements.  On  the  anatomical  side 
we  have  the  striking  fact  that  the  nuclei  of  the  corpora  striata 
have  few  connections  with  the  cortex,  hut,  on  the  other  hand, 
scad  an  indejK-ndent  s>  stem  of  projection  fibers  into  the  brain  stem. 
Embryologically  these  stnictures  are  developed  from  the  wall  of 
the  forebrain  anil  woidd  seem  to  have  a  ph}'siological  importance 
similar  to  that  of  the  i-ortex  itseif,  but  experimental  and  clinical 
facts  are  at  present  insufficient  to  justify  any  hyixithesis  as  t^  their 
special  functions.  With  regartl  to  the  various  nuclei  of  the  optic 
thalamus  it  is  known  that  they  form  abimdant  connections  with 
the  sensory  areas  of  the  cortex  cerebri,  and  from  this  standpoint 
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they  may  be  regarded  as  consisting  of  subcenters  with  a  proba- 
bility, however,  that  reflexes  may  occur  through  them  (subcortical 
reflexes)  independently  of  the  cortex.  Numerous  fibers  liave  been 
timced  from  the  thalamus  to  the  body  sense  area  (Flechsig). 


CHAPTER  Xr. 

THE  FUNCTIONS  OF  THE  CEREBELLUM,  THE  PONS, 
AND  THE  MEDULLA. 


The  functions  of  the  cerebellum  are,  in  some  respects,  less  satis- 
factorily known  than  those  of  any  other  part  of  the  central  ner\'ous 
system.  Many  theories  have  been  held,  iMost  of  these  views 
have  been  attempts  to  assign  to  the  organ  a  single  function  of  a 
definite  character,  but  latterly  the  insufticiency  of  the  theories 
prnposci!  has  led  observers  to  attribute  to  the  cerebeUuni  general 
pro(x?rtics  tiie  nature  of  which  can  not  be  exprcflsecl  satisfactorily 
in  a  single  f>hrase.  Before  attempting  to  give  a  sunimarj^  of  exist- 
ing views  it  will  hv  helpful  to  recall  briefly  the  important  facts  re- 
garding its  structure  and  relations,  so  far  as  they  are  known  and  can 
be  used  to  cxjilain  its  functional  value. 

Anatomical  Structure  and  Relations  of  the  Cerebellum. — 
The  finer  histolog>'  of  the  cerebellar  cortex  is  represented  in  Fig.  98. 
Three  layers  may  he  distinguished.  The  external  molecular 
layer  {A),  the  middle  granular  layer (B),  and  the  internal  mediillar\' 
layer  consisting  of  the  \vhite  matter  or  medullated  nerve  fibers, 
afferent  and  efferent  (C).  Between  the  molecular  and  granular 
layers  lie  the  large  and  characteristic  Purkinjc  cells  («).  The 
dendrites  of  these  cells  branch  profusely  in  the  molecular  layer; 
their  axons  pass  into  the  medullarj'  layer.  From  the  stand ptnnt 
of  the  neuron  doctrine  these  cells,  so  far  as  the  cerebellum  Is  con- 
ccmetl,  arc  efferent.  They  funn,  indeed,  the  sole  efferent  system 
of  the  cerebellar  cortex.  The  afferent  fibers  of  the  cercliellum  end 
in  both  the  granular  and  the  molecular  layers.  Those  that  tenni- 
nate  in  the  granular  layer --designated  by  Cajal  as  mass  fibers, 
have  at  their  terminations  and  jwints  of  branching  curious  clumps 
of  small  processes;  they  probably  connect  with  the  dendrites  of  the 
nerve  ceUs  in  this  layer.  Those  that  pass  deeper  into  the  molec- 
ular layer  come  into  connection  with  the  dendrites  of  the  Purkinje 
cells,  around  which,  indoefl.  they  seem  to  twtne,  so  that  Cajal  de*;ig- 
natcd  them  as  climbing  fillers.  The  granular  layer  (B)  contains 
numerous  granules  (tj)  or  small  ner\'e  oells.  These  cells  are  spherical, 
and  have  a  relatively  larp;e  nucleus  and  a  small  amount  of  c>'to- 
plasm.  Their  dentlriles  are  few  and  short;  their  axoas  run  into 
the  molecular  layer,  divi<le  in  T,  and  the  two  branches  then  run 
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parallel  to  the  surface  and  doubtless  make  connections  with  the  den- 
drites of  the  I'urkinjo  cells  as  well  as  with  the  cells  of  the  molecular 
lAjrer.  A  few  larper  ner\*e  cells  of  Golpi's  second  type  (/)  are  found 
also  in  the  granular  layer,  la  the  molecular  layer  are  found  two 
■  types  of  cells :  t  he  larger  basket  cells  (b)  whose  axons  terminate  in  a 
I  of  small  branches  that  inclose  the  body  of  the  Purkinje  cells, 
a  number  of  smaller  cells  {e),  situated  more  superficially, 
axons  pa'«  longitudinally  in  the  molecular  layer  and  termi- 
nate in  arborizations  or  baskets  that  doubtless  make  connections 
with  the  dendrites  of  the  Purkinje  cells. 
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Fur.  M. — Hutolocy  of  the  cerebellum. — (From  06cr«(eii««r.) 


A  consideration  of  this  peculiar  and  intricate  structure  enables 
UB  to  comprehend  that  the  cerebellar  cortex  present*  a  reflex  arc 
of  a  ver>*  considerable  flegrec  of  complexity.  The  Incoming  im- 
imlMS  through  the  moss  anri  climbing  fil>ers  may  pass  at  once  to  the 
Purkinje  cells  and  lead  to  efferent  discharges,  or  they  may  end  in 
the  wlls  of  the  granular  or  molecular  layer  and  thu.s  be  distributed 
to  the  l^irkinje  cells  in  a  more  indirect  way.  In  addition  to  the 
cortex  the  cerebellum  contains  several  masses  of  gray  matter  in 
iUi  int<?rior:  the  large  dentate  nucleus  in  the  center  of  each  hemi- 
spbere  and  the  group  of  nuclei  lying  in  or  near  the  middle  of  the 
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medullan'  substance  of  the  vermiform  Inl>e  (nucleus  fastigii.  n.  glo- 
bosi,  and  the  n.  embolifomiLs).  The  axons  of  many  of  the  Purkinje 
cells  of  the  cortex  tennhmte  in  these  subcortical  nuclei,  and  the 
efferent  path  from  the  cerebellum  Ls  then  continued  by  new  neurons. 
Thusj  the  fibers  of  the  superior  peduncles  of  the  cerebellum  arise  | 
chiefly  from  the  dentate  nuclei,  and  only  indirectly  from  the  cor- 
tex. The  anatomical  connectioas,  afferent  and  efferent,  between 
the  cereljeHum  and  other  parts  of  the  nervous  sy.steiii  are  very  com- 
plex and  not  yet  entirely  known.  Without  attempting  to  recall 
all  of  these  connections,  which  will  be  found  descrilwd  in  worics  ujx)n 
anatomy  or  neuroIog>\  emphasis  may  be  laid  upon  those  which  are 
at  present  helpful  in  discussing  the  physiologj'  of  the  organ. 

L  Connection  mth  the  Aflercnt  Froths  of  the  Cord. — The  ascending 
fibers  in  the  po.sterior  columns  are  connected,  through  the  nuclei  of 
GoU  and  Burdach,  with  the  cerebellum,  the  fil>ers  passing  by  way 
of  the  inferior  ]>eduncles  (reytiform  Ijodies).  So  al>o  the  filx^rs  of 
the  tracts  of  Flechsig  and  fiowers  terminate  eventually  in  the  cere- 
bellum, as  explained  on  p.  164.  What«\'er  else  may  be  their  func- 
tioas,  the  fibers  of  these  traety  undoubtedly  convey  impulses  of 
the  muscle  sense,  and  we  have,  therefore,  the  imjxjrtant  fact  that 
these  fibers  (as  a  system)  tennliiate  in  part  in  the  cerebellum  and 
in  part,  by  way  of  the  median  fillet,  in  the  cerebrum. 

2.  Connections  with  the  Ve^ibutaT  Branch  of  the  Eighth  Cranial 
Nerve. — Tills  branch,  arLsaig  in  the  semicircular  canals  and  utriculus 
and  sacculus,  ends  in  the  jwns  in  seveml  nuclei  (lateral  or  Deiters's, 
median  and  su[x^rior)  and  these  in  turn  are  connected  by  fibers, 
running  probably  in  both  directions,  with  the  cortex  of  the  cere- 
bellum and  with  its  subcortical  nuclei.  This  connection  is  most 
important  physiologically,  as  it  would  seem  to  make  the  cerebellum 
a  center  for  impulses  arising  in  these  ]mrts  of  the  internal  ear.  As 
we  shall  ^e,  ablation  of  the  cerebellum  and  destniction  of  the  semi- 
circular canals  give  ver\^  similar  results  upon  animals. 

3.  Connedions  withthe  Cortex  of  the  Cerebrum. — A  large  system  of 
fibers — cerebro-iKinto-cerebellar  system  (see  Pig.  77,  A) — makes  a 
connection  between  the  cortex  cerel>ri  ami  cortex  cerebelli.  .They 
emerge  from  the  cerebellum  by  way  of  the  mitldle  peduncles,  cross 
the  mid-linej  and  end  in  gray  matter  (pontal  nuclei)  in  the  pons; 
thence  their  course  Ls  continued  by  new  neurons,  which  pass  for- 
ward in  the  cms  cerebri  and  internal  capsule  to  make  connections 
with  the  cortex  of  the  fn.uital  lobe.  The  connection  Is,  therefore, 
a  crossed  one,  the  right  cerebrum  being  associated  with  the  left 
cerebellar  hcmLsphere.  This  system  of  fibers  furnishes  a  mechan- 
ism by  which  the  cerebellar  activity  may  be  associated  witfi  and 
influence  the  activity  of  the  motor  areas  of  the  cerebrum. 

4.  Connections  with  ilw  Midbrain  and  Cord. — The  fibers  of  the 
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supenor  peduncles  end  in  the  red  nucleus  of  the  midbrain  on  the 
oppoeute  side.  Thence  there  may  be  connect ion.s  f(»nvard  with 
the  thalamus  and  cerebrum;  but,  what  is  more  .significant,  con- 
Dedioiks  are  thu^  made  with  the  nibmspinal  tract  (.Vlonukow's 
bundle),  sec  p,  169,  which  descemls  into  the  cortl  and  connects 
irith  the  motor  nerves.  By  this  connection  a  relation  may  l>e  e^ 
tablished  between  the  cerebellum  and  the  motor  nerves  of  the  body. 
Thr  {Ath  Ls  doubly  crost^ed,  so  that  each  cerebellar  hemLsj>here  is 
coonected  with  the  muscles  of  its  own  side.  Still  another  motor 
p«lh  to  the  cord  is  made  possible  through  the  connections  of  the 
vestibular  nucleus.  These  latter,  as  stated  on  ]).  170,  are  connected 
throu|^  the  vestibulospinal  tract  with  the  cells  in  the  anterior 
horn.  Some  authors  have  described  a  s|x?cial  motor  tract  from 
cerebellum  to  cord,  either  direct  or  by  way  of  the  olivar>'  bo4lics;  but 
cur  knowledge  of  this  pulh  is  too  uncertain  as  yet  to  form  a  positive 
Imm  for  physiological  conchisions. 

Theories  Concerning  the  Functions  of  the  Cerebellum. — 
Modem  views  concerning  the  functions  of  the  eereljelluai  may  be 
classified  under  three  general  heads:  First,  those  that  consider  it 
a  general  co-ordinating  center  or  organ  for  the  muscular  nioveinenta 
aod  especially  for  those  concerned  in  equilibrium  and  locomotion. 
This  view,  firet  proposetl  essentially  \>y  Flourens  (1824),  has  l>een 
adopted  by  many,  perhaps  by  most,  writers  since  his  time.  The 
manner  in  which  the  organ  serves  to  co-ordinate  these  movements 
has  been  explained  in  various  ways.  According  to  the  older  ol>- 
aerversv  it  was  supposed  so  to  arrange  or  grouji  the  various  motor 
impulses  that  they  reached  the  lower  motor  centers  in  the  cord 
in  the  nece8sar>'  combiimtion  for  co-ordinated  contractions.  Ac- 
cording to  more  recent  ol)servers,  this  synergetic  action  is  exer- 
eiflad  not  directly  on  the  motor  side  of  the  reflex  but  on  the  sensory 
aidt.  The  numerous  sensory  f)aths  connected  with  the  organ, 
ei^pecially  those  of  the  muscular  sense,  and  those  from  the  vestibular 
nerve,  suggest  the  view  tliat  in  the  complex  cortex  of  the  ccrebel- 
hsna  these  afferent  impulses  act  upon  nervous  combinations  whose 
dnefaarges  in  turn  arc  conveyed  to  the  motor  centers  in  a  definite 
and  orderly  sequence.  Either  point  of  view  assumes  that  there 
are  in  the  cerebellum  certain  distinct  mechanisms — that  Ls,  combi- 
nations of  neurons  that  are  essentially  reflex  centers,  and  that  in 
all  of  our  more  complex  bodily  movements  these  mechanisms 
inlcfrene.  The  second  general  set  of  theories  n*garding  the  cere- 
bdhim  assumes  that  this  organ  Ls  essentially  the  center  or  a  center 
for  the  muscle  sense.  This  view  is  connected  usually  with  the  name 
of  Luawana,*  but  has  been  sup|x>rted  since  in  one  sense  or  another 
See  "Journal  de  U  physiol.  de  riiommc/'  5,  41S,  1862. 
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by  many  observers.*  It  is,  in  fact,  not  essentially  different  per- 
haj)s  from  the  second  jihase  of  the  first  group  of  theories.  Those 
who  have  expressed  their  idea  of  the  physiology  of  the  cerebellum 
by  saying  lliat  it  is  a  center  of  the  muscle  sense  liave,  in  recent 
times  at  least,  recognized  that  this  sense  haa  a  cortical  center  also  in 
the  cerehnun.  Tiie  vk-vv  c-an  not  assume,  therefore,  a  conscious 
muscle  sense  metliutcd  by  the  cerel>ellum,  but  only  that  the  muscle 
sense  filjers  have  a  cortical  temiination  therein  and  that  the  ccrelx*!- 
lar  activity  thus  arouseil  is  in  some  way  necessary-  to  the  orderly 
adjustment  of  complex  voluntary  movements.  According  to  an- 
other point  of  view^  the  cerebellum  is  a  great  augmenting  organ  for 
the  neunmmscular  system.  It  is  added  on,  as  it  were,  to  the  cere- 
brosjunal  motor  system  and  starves  not  to  co-ordinate  the  motor 
discharges,  but  to  increase  their  strength  or  effectiveness.  This 
general  view,  first  proposed  by  Weir  MilcheU  (ISG9),  has  been  sup- 
p<irted  by  Luys,  and  esj>ecially,  although  with  important  modifica- 
tions, by  Lueiani.f  Some  of  the  details  of  the  work  of  the  latter 
obser\'er  are  given  below. 

ExperimentalWorklJpon  the  Cerebellum. — Rolando, and  par- 
ticularly Flourens,  gave  (he  directif)n  to  motlcm  experimentation 
in  this  subject.  The  latter  observer  made  numerous  obser\'ations, 
especially  on  pigeons,  in  regard  to  the  effect  of  removing  all  or  a 
part,  of  the  cerebellum.  He  d(\^cribes  in  detail  the  striking  results 
of  such  an  operation.  When  all  or  a  large  part  of  the  organ  Is  re- 
moved the  animal  siiows  a  most  distressing  inability  to  stand  or 
move.  There  seems  to  be  no  muscular  paralysis  at  all,  but,  at  first, 
a  total  lack  of  power  to  co-or<linate  properly  the  contractions  of  the 
various  muscles  involvetl  in  maintaining  e<[uilibriuiu.  The  animal 
takes  a  most  abnormal  position,  with  the  head  retracted  and 
twisted.  an<l  any  attempt  to  move  is  followed  by  violent  disorderly 
contractions  that  may  result  in  a  scries  of  involuntary  somersaults. 
The  animal  is  totally  unaldc  to  fly.  When  the  injury-  to  the  cere- 
bellum is  less  the  effect  upon  the  movements  Ls  either  too  slight 
to  be  noticed  or  is  shown  in  a  greater  or  less  imcertainty  in  its 
movements.  When  it  attempts  to  walk,  for  in.stance,  it  exhibits 
a  stJiggering.  drunken  gait,  a  condition  designated  as  cerebellar 
ataxia.  Similar  operations  on  mammals  give  in  general  the  same 
results.  If  the  ofH»ration  is  unilateral, — that  Ls,  affects  only  one 
hemisphere, — the  animal  (dog)  exhibits  forced  movements,  such 
as  a  tendency  to  roll  around  the  long  axis  of  his  body  toward  the 
injured  side  and  snbsef)uent  ly  movements  in  a  circle  toward  t  he  same 

•See  I^wantlowsky.  "Archiv  f.  Physiologif?/'  \Qm.  129. 

t  For  the  literalurt*  of  the  cprehplKim  see  Luciani,  "  II  cer\'elleto/'  Florence. 
1S91;  OermMn  traiiHlution,  "Das  Kleitihini,"  1S93.  Also  Luciani.  article, 
"Daa  Kleinliirn"  in  "Ergebnisse  der  Physiologic,"  vol.  iii,  part  ii,  p.  259,  1904. 
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side.  In  man  there  are  several  cases  on  record  in  which  the  organ 
mwB  riiown  by  autoiisy  to  be  largely  or  completely  aln)i>hie(l  and 
Dumerous  caaes  of  tumors  affecting  the  cerefjoUum.  In  tlie  latter 
group  of  cases  there  nmy  be  certain  marked  .*^ul>jective  symptoms, 
fluch  as  hea<iachc,  and  esijccially  vertigo,  and  also  a  certain  degree 
of  ttt^ix^  or  awkwartlness  and  uncertaint}'  of  movement.  So  also 
tn  the  cases  of  atrophy,  in  which  prolmhiy  the  condition  developed 
slowly  through  a  number  of  years,  a  degree  of  ataxia  was  exhibited, 
especially  when  the  movements  were  rajwil  antl  forced.  In  llie 
ataxk*  condition  ret^ulting  from  tal>etic  lesions  of  the  j)ostcrior  rol- 
tunitf  the  effect  upon  the  movements  i.s  increused  by  covering  up 
the  eyes  (Romberg's  symptom),  the  individual  l>eing  then  deprived 
ci  his  visual  stimuli  a>i  well  as  those  coming  by  way  of  the  muscular 
and  rulanc<ius  nerves.  In  ccadwllar  ataxia,  hf>wover.  the  effect 
iff  not  inrrea.sed  by  closure  of  the  eyes,  a  result  which  Ls  pnjliably 
explained  by  the  fact  that  the  individual  still  jkjsscsscs  his  paths 
of  muacuhir  and  cutaneous  sensibility  to  the  cerebrum,  and  these 
aipuui  may  be  used  in  the  reflex  a<ijiLstmeiits  of  voluntary  move- 
ment. 

Interpretation  of  the  Experimental  and  Clinical  Results. — 
Hr>ureni5  was  leti  by. the  striking  residtj?  of  his  o|K'rations  on  |)igeons 
to  Kugiccst  the  view  that  the  cerebellum  is  an  organ  for  the  co- 
Offtlination  of  the  movements  of  cfUJilihriitm  and  locomtJtion. 
<Jb}ection8  were  raised  to  this  \iew.  Some  observers  (Dalton, 
Weir  Mitchell)  found  that  if  the  pigeons  from  wliich  the  cerebellum 
had  Iteen  removal  were  kept  long  enougli  the  effects  first  obser\ed 
>gra<lually  disapjjcaretl,  so  that  finally  the  animals  were  able  to 
move  or  fly  with  no  marked  difference  from  the  normal  animal 
except  that  fatigue  was  shown  much  more  quickly.  Hence  the 
\iew  advocated  by  Mitchell  that  the  essential  function  of  the 
cerebcUtun  is  that  of  an  augmenting  apparatus  for  the  voluntary 
movementg.  With  regard  to  this  view  it  may  be  remarked  in 
paiwtn^  that  pigeons  with  the  eerebml  li(Mnisph(Tes  remove<l  exhibit 
apparrntly  as  a  permanent  symptom  the  same  tendency  to  rapid 
fatiffue  after  siistaineil  muscular  effort.  My  t he  same  logical  process 
tbefvfure  one  might  roncjude  that  one  funr-tion  of  the  cert»brum 
b  that  of  an  augmenting  organ  to  the  mf>tor  discharges  from  the 
eecelx Hum  or  midbrain.  So  also  the  cases  of  complete  or  nearly 
pirte  atn)phy  of  the  cerebellum  in  human  l)eings  in  which  no 
evil  result  followed  other  than  a  slight  degree  of  ferelxdlar  ataxia 
used  aa  an  argtuncnt  agamst  (he  view  that  this  organ 
y  to  the  co-ordination  of  the  complex  voluntary  move- 
menU.  The  view  that  the  cerebellum  has  essentially  a  ilirect 
eo-ordinating  function  has  been  criticize^l  most  seriouslv  by  I^uciani. 
This  obeen'er  made  a  series  of  long-continued  and  most  careful 
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obst^rv'ations  uptin  ilt>pH  and  monkeys  in  which  the  entire  cere- 
bellum or  certain  tiehnitc  parts  hail  been  removed.  He  lays  stress 
upon  the  fact  that  the  violent  cHsturbance  of  movement  is  tem- 
porary and  is  slowly  recovered  from  in  time.  He  uas  leil,  therefore, 
to  view  these  disturbances  as  due  primarily  not  to  the  loss  of  the  nor- 
mal functional  activity  of  the  organ,  but  to  irritations  resulting  from 
the  operation.  Wlien  this  stage  of  irritation  is  passed  the  real 
defects  which  indicate  the  true  function  of  the  cerebellum  become 
apparent.  These  defects  exhibit  themselves  as  a  loss  of  power 
in  the  neuromuscular  apparatus  of  the  complex  voluntary-  move- 
ments, and  he  analj'ze^  these  results  under  three  heads:  First. 
a  loss  of  force  in  the  nnjscuhir  contractions. — a  condition  of  asthenia ; 
second,  a  lows  of  tone  in  the  muscles  of  the  limbs  and  trunk,  par- 
ticularly in  the  hind  Hmby. — a  contlition  of  atonia:  and.  third,  a 
loss  of  steadineas  in  the  muscular  contractions, — a  condition  of 
astasia.  The  astasia  manifests  itself  in  a  tremor  of  the  muscles 
when  voluntarily  contracted,  especjalh'  in  movements  requiring 
much  exertion.  Luciani  supposes  that  this  tremor  is  due  to  an 
alteration — that  is,  a  slowing — of  the  rh\'thm  of  discharges  of  the 
impulses  from  the  motor  centers.  The  functions  of  the  cerebellum 
on  his  thcorv^  are  expressed,  therefore,  by  sa3*ing  that  it  is  an  aug- 
menting organ  for  the  activity  of  the  neuromuscular  apparatus;  and 
that,  so  far  as  this  augmenting  or  strengthening  activity  can  be  ana- 
lyzed, it  consists  in  an  increase  in  the  energy  of  the  motor  discharges 
(sthenic  action),  an  increase  in  the  tension  or  tone  of  the  motor 
centers  and  th<'ir  connected  muscles  (tonic  action),  and  an  increase 
in  the  rhythm  of  the  motor  impulses  (static  action)  so  that  nor- 
mally the  muscular  contracti<jris  are  of  the  nature  of  complete 
tetani,  Luciani  believes  that  this  action  of  the  cerebellum  is 
continuous,  although  varying  in  intensity,  and  that  it  affects  all 
of  the  musculature  of  the  body,  and  not  sinij>ly  the  muscles  con- 
cenied  in  body  rM(tiilibriuni.  This  constant  motor  activity  is  in 
turn  dependent  upon  a  constant  inflow  of  sensory  impulses  into 
the  cerebellum  along  its  afferent  connections,  particularly  ui>on  the 
impulses  from  the  vestibular  portion  of  the  internal  ear,  and  those 
from  the  muscle  sense  fibers  and  perhaps  also  from  the  fibers  of 
the  cutaneous  senses.  The  constant  augmenting  activity  of  the 
cerebf^llum  is  therefore  a  species  of  reflex  effect, — a  reflex  tonus 
which  affects  all  the  musculature.  TATiether  the  cerebellar  mechan- 
ism is  esi^ecialiy  arrangetl  to  co-ordinate  its  effect  up4)n  the  neuro- 
muscular ajjparatus, — that  is,  in  some  way  to  adapt  the  move- 
ments to  a  definite  end — I^uciani  leaves  an  open  question.  He 
does  not  believe  that  a  lack  of  co-ordination  (cerebellar  ataxia) 
18  necessarily  prestmt  in  cerebellar  lesions;  but  admits  that,  if  this 
symptom  is  an  invariable  one,  it  woidd  be  necessar>'  to  add  to 
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the  general  augmenting  activity  of  the  cerebellum  also  a  general 
adaptive  or  coordinalliig  activity.  It  is  precisely  this  latter  feature 
which  stands  out  in  the  minds  of  most  ph\*siologists  as  the 
diaracleristic  function  of  the  cerebellum,  wliile  Luciani  considers 
that  it  is  not  demonstrated  by  clinical  or  exjx^nraental  facts,  and 
that  even  if  demonstrated  it  would  have  to  be  considered  as  a 
part — perhaps  a  subordinate  part — of  the  functional  influence  of 
ihi^  organ. 

Conclusions  as  to  the  General  Functions  of  the  Cerebel- 
lum.— It  is  evident  that  an  authoritative  statement  of  the  function 
or  functions  of  the  cerebelhim  is  impossible.  It  seems  quite  clear, 
however,  that  the  organ  exert^s  a  regidating  influence  of  some  kind 
upon  the  neuromuscidar  apparatus  of  uur  avcalled  voluntar>^ 
DQOvements.  The  precise  nature  of  the  regtdating  influence  is  in 
dispute,  and  one  who  reads  the  literature  finds  it  diificult  at  times 
to  separate  clearly  the  different  theories  proposeib  .since  some 
authors  are  cont<?nt  with  general  statements  and  others  attempt 
a  more  specific  analysis.  On  the  whole,  it  sfH^nis  desirable  at 
present  to  hold  to  the  general  idea,  introduceil  by  Flourens,  that 
the  cerebellum  is  a  central  organ  for  co-ordination  of  voluntary' 
movements,  particularly  the  more  complex  movements  necessarj' 
in  equilibrium  and  locomotion.  Instead,  however,  of  assuming 
with  Flourens  that  the  cerebellum  fimtains  a  cfM>nlinating  principle, 
an  expression  that  means  nothing  at  present^  we  may  assume  that 
it  exerta  its  co-ordinating  influence  by  virtue  of  the  definite  nervous 
mechanisms  containetl  in  it — that  is,  by  nervous  complexes  which, 
on  the  afferent  side,  are  connected  with  th(*  fx*ripheral  sensorj' 
ner\'es  to  the  vestibule  of  the  ear,  the  muscles,  and  the  skin,  and  on 
the  efferent  side  are  in  direct  or  indirect  relations  with  the  motor 
areas  of  the  brain  as  well  as  the  motor  centers  in  the  cord.  These 
mechanisms  are  inherited  structures,  but,  like  other  nervous  mechan- 
tamflp  they  are  develope<i  by  use.  The  many  muscular  contractions 
made  in  ourordinar\'  movements  of  e(|uilibrium  are  Ieame<l  by  ex- 
penence.  and  the  effects  of  this  training  nre  felt  mainly  upon  these 
cerebellar  paths  or  mechanisms.  We  reganl  the  s[XK*ch  center  in  the 
rerebnun  as  a  collection  of  nenous  mechanisms  in  which  are  stored 
or  pre«?rved  the  connections  neeessar\'  to  the  motor  presentation 
of  thoughts,  a  memory-  center  for  the  spoken  sjanbols  of  our  con- 
eepts;  it  is  possible  that  in  the  same  way  we  may  regard  the  cere- 
bellum BR  a  memory  center  of  the  muscular  nuivenients  concerned 
m  equilibrium.  The  relations  of  the  cerebellum  with  the  motor 
areas  of  the  cerebrum  and  the  motor  centers  in  the  cord  are  evidently 
quite  complex  and  far  from  being  fully  understood.  Moreover,  this 
itionahip  must  var>'  considerably  in  <lifferent  animals.  Removal 
f  the  cerebrum  from  a  pigeon  leaves  an  animal  with  almost  j>erfect 
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tore  of  the  body  is  concerned,  it  is  homolateral, — that  is,  each  half 
of  the  ccrelx^lhim  \s  eonnectetl  with  its  ovm  Iialf  of  the  body. 
Tlie  connection  with  the  mot  or  areas  of  the  l>rain  is  the  re- 
verse, the  right  lialf  of  the  cerebrum  being  in  relation  with 
the  Wt  half  of  the  cerebeUum.  These  relations  are  in  the  main 
borne  out  by  the  anatomical  oourso  of  the  motor  and  M*nrsf>rv  jjaths 
described  above.  Hut  those  who  have  o|K'rated  upon  the  cere- 
bellum by  the  mcthoil  of  ablation  agree  entirely  in  the  statement 
thai  by  this  method  at  least  no  evidence  is  obtained  of  a  localization 
of  function  in  the  cerel)ellar  hemispheres.  There  is  no  reason  to 
believe  that  extirpation  of  definite  aivas  in  the  hemispheres  affect 
definite  groups  of  muscles  either  on  the  senson'  or  the  motor  side. 
We  arc  forced  to  conclude,  therefore,  that  localization  is  absent 
and  that  regarding  the  cerebellum  we  must  l>elieve,  as  was  formerly 
believed  regarding  the ceref)nmi,  thai  each  half  is  everywhere  ftinc- 
tiofflAUy  equivalent.  The  effect  of  ablations  Is  deix'ndctU  not  upon 
the  part  removed, but  rather  upon  the  quantity,  it  Is  to  be  doubted, 
perhaps,  whether  this  view  will  stand  the  test  of  more  complete 
invent igat ions «  for  some  data  exist  that  suggest  the  jxjssibility  of 
A  toealization.  It  is  observed,  for  instance,  that  the  effects  of 
ablation  upon  the  movements  of  the  animal  are  more  marked  the 
closer  the  injury  is  to  the  mid-line,* — that  is,  the  more  the  vermi- 
form lobe  is  involved.  The  possibility  of  a  more  or  less  definite 
locali£ation  is  suggested  also  by  the  effet'ts  of  stimulation  of  the 
cerplx?Uar  cortex.  Fcrrier  esixK-LiUy  has  described  definite  move- 
ments of  tlie  eyes,  head,  or  limbs  following  electrical  excitation  of 
definite  regions  of  the  cortex;  but  this  indication  has  not  been 
dcreloped  by  later  experimenters  with  sufficient  success  to  lead 
to  positive  conclu.sions. 

The  Medulla  Oblongata. — In  the  medulla  oblongata  we  must 
reco^^iize  a  region  of  special  physiological  importance  in  that  it 
in  the  seat  of  certain  centers  which  control  the  activity  of  the 
circulatory  and  resjiiratory  organs.  If  the  medulla  Ia  severed 
from  the  portion  of  the  bmin  lying  anterior  to  it  the  animal  con- 
tinues to  live  for  a  considerable  period.  The  resj)irator>'  move- 
ments are  performed  rhythmically,  and  the  blood-vessek  retain 
their  tone  so  as  to  maintain  an  approximately  normal  blood- pressure. 
On  the  contrary,  rlestniction  of  the  medulla,  or  severance  of  its 
connection.-?  with  the  underlying  parts,  Ls  followed  by  a  cessation 
of  respiration  and  a  loss  of  tone  in  the  arteries,  either  of  which 
results  in  the  rapid  death  of  the  organism  as  a  whole.  The  jx)rtions 
of  the  medulla  which  exercise  these  important  functions  are  desig- 
natcij,  respectively,  as  the  respimtor>-  and  the  vasomotor  or  vaso- 
eoDictrictor  centers.    Their  location  and  to  some  extent  their  con- 

♦  Lewantlow^ky,  loc.  cii, 
15 
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oectioixs  have  been  detennined  b>*  phynological  experiments,  bat 
80  far  it  hAs  not  been  ^oaAHe  to  maifc  out  hi^^tolo^craUy  the  exact 
groups  of  edb  oonoenied.    TbepoKition  and  phvsiologic&l  propertiea 
of  these  centers  are  deecribed  in  the  sections  on  respiration  ax^ 
circulation.    These  centen  axe  of  especial  importance  because  erf 
their  wiie  ectnnections  with  the  body,  their  essentiall}*  independent  | 
activity  in  re/enpnce  to  the  higher  part.s  of  the  brain,  and  the  ahKH  \ 
lutely  necessan*  character  of  the  regulations  they  effect.    In  the 
development  of  the  brain  the  functions  onginall}'  mediated  by  the  i 
lower  parts  have  been  transferred  more  and  more  to  the  hi^ierl 
parts, especially  in  regard  to  conscious  sensation  and  motkm,  and] 
the  so-called  higher  psi'chical  activities.    But  the  unconseious  and 
inv(^untaiy  r^ulation  of  the  oigans  of  circulation  and  rBspiration 
and  to  a  certain  extent  of  the  other  visceral  organs  has  been  cen- 
tralized, as  it  were,  in  the  medulla.     In  addition  to  the  control 
of  the  respiration  and  circulation  other  important  reflex  activities 
are  effected  through  the  medulla  by  means  of  the  vagus  nen'e, , 
which  has  its  nucleus  of  origin  in  this  part  of  the  brain.    Such,  for  | 
instance,  are  the  reflex  control  of  the  heart  through  the  cardio-j 
inhibitory  center  and  of  the  mot  ions  and  secretions  of  the  alimentarj  ■ 
canal. 

The  nuclei  of  Origin  and  the  Functions  of  the  Cranial 
Nerves. — The  origin,  course,  anatomical  and  physiological  relaiiooa 
of  the  first  or  olfactor\%  second  or  optic,  and  eighth  or  audiior>^ 
nen'es  have  been  referred  to  in  the  preceding  pages.  For  the 
sake  of  completeness  the  origin  and  functions  of  the  other  cranial 
nen'es  may  l>e  summarized  briefly  in  this  connection. 

The  Third  Cranial  Senr  (S .  0cxdomoloriu9) ,—lih^  nerve  arws 
from  the  base  of  the  brain  on  the  median  side  of  the  correspionding 
cms  cerebri.  It  is  a  motor  ner\*e  supplying  fibers  to  four  of  the 
extrinsic  muscles  of  the  eyeballs, — ^namely,  the  internal  rectus,  the 
superior  rectus,  the  inferior  rectus,  and  the  inferior  oblique — and 
to  the  levator  paljx^bne.  It  inner\'ate.^  al?o  two  important  intrinsic 
muscles  of  the  eyeball,  the  cilian.-  muscle  uschI  in  accommodating j 
the  eye  in  near  vision,  and  the  sphincter  of  the  iiis  which  controls 
in  part  the  size  of  the  pupil.  These  two  latter  muscles  belong  to 
the  tyix*  of  plain  muscle,  and  the  fibers  of  the  thinl  nen'e  which  i 
inner\'at^*  thern  terminate  in  the  ciliar}-  ganglion,  whence  the  path' 
is  continue<i  by  sympathetic  nei^'e fibers  (postganglionic fibers)  to  the 
muscles.  In  the  interior  of  the  brain  the  fibers  of  the  third  ner\'e 
arise  from  a  conspicuous  nucleus  or  collection  of  nuclei  situated  in 
the  central  gray  matter  of  the  midbrain  at  the  level  of  the  superior 
collicula^.  The  fillers  for  the  ciliary  muscle  and  spJiincter  pupilte 
arise  more  anteriorly  than  those  for  the  extrin.sic  muscles.  His- 
tologically thn«  parts  at  least  may  be  distinguished,  as  shown  in 


fW-  90 — NooWi  of  ongxn  of  mntor  and  primary  terminal  eenaory  nuclei  of  cerebral 
— I  Cff#j«0  :  S«'lM«mftticairy  r*pr«*«nteiJ  in  a  HUppoMNlIy  tranAparanI  braia  stem  viewed 
^^^oJ.  (Nuclei  and  root*  (pf  tnolor  norvew  in  lifcbt  red,  cif  sensory  narvaii  in 
Cnrhl^ar  iirrve  in  >'«11ow.)  4.  nucleuti  of  the  third  nerve  <n.  ooulorootorii); 
r*f  the  (ourth  nerve  in.  Iroclileariii);  (I,  the  fntirth  ner\>e:  7.  the  <1eJicendiiiK 
<Molar>  riMit  )•[  the  fifth  nerve:  A.  the  principat  motor  nurteui>  of  the  fifth  ner\'e; 
V»  tlMflemilunar  (anclion  ((.  OiiMwrii;  '2(i,  the  a"cendinff  i«eiiMiry)  rout  of  the  fifth 
14.  nurlru*  <»f  the  olxth  rmnial  nerve:  !•'*.  nut'leiiM  of  the  facial  [!>«>venth> 
Iti.  the  faria)  nerve;  34.  S3,  nurleij*  nf  ihe  veMtihiilnr  hranoh  i»f  the  riKht>»  rninial 
ifc^r^e;  S2.  ve*ilraJ  nurleii*  of  the  cochlear  branch  <if  the  rishtlt  ner\'e:  27.  dnn»Al  nurlcun 
«f  tlia  f«ehl«af  hranrh  of  the  eighth  nerve;  10.  29.  the  elri<*<u>phnrvn(tr<al  iier^'e:  18.  2S.  the 
mcaa  nerve;    30.   nuttnr  nuclei  of  ra^e  and  ith><i-«ot>nKrvngtfal   (nurjeu**  amhicuus   and 

laoe  dunalia);    £(.  'M,  nudeiu  nf  the  alir  rinemie.  the  nohtjiry  hutidle  and  itit  nucleiu: 

jUie  eleventb  nr  >pi"*l  acee^or>'  uer\'e:  22.  nurletin  of  the  iftinal  aereK»ury:  21,  nucleus 
'  nnrve. — (From  .Sp-i/YrWr.  "Human  Anfttnmy") 
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Fig.  100, — namely,  the  lateral  (or  principal)  nucleus,  which  gives 
opgtn  chiefly  to  the  fibers  innervating  the  extrinsic  miLscles;  the 
median  nucleus;  and  the  nucleus  of  Edinger-WestphaL  Some  of 
the  fibers,  particularly  those  from  the  lateral  nucleus  to  the  infe- 
rior rectus,  the  internal  rectus,  and  the  inferior  oblique,  cross 
the  mid-line  and  emerge  in  the  nerve  of  the  opposite  side. 

Th^  Fourth  Cranial  Nerve  {N.  Trochlearis). — ^This  nerve  emerges 
from  the  brain  in  the  anterior  medullary  velum  (valve  of  Vieussens) 
]ust  posterior  to  the  inferior  colliculu.s.  It  cur\'es  around  the  cms 
cerebri  to  reach  the  base  of  the  brain.    It  Ls  a  motor  nerve,  and 


Nucleus  of  com. 

Bklinjcvr-WcetphRl  nucleus. 
PribcipaJ  uucleuii. 
Median  oucleus. 


Nucleus  of  4tb  nerve. 


R*.  100- — Nurlm  n(  nri^D  of  ihe  Ihird  and  fourth  aerven. — (Fmm  Pmrurand  Charpy.} 


supplies  fibers  to  the  superior  oblique  muscle  of  the  eyeball.  In 
the  interior  of  the  brain  the  fillers  arise  from  a  nucleus  in  the  central 
gray  matter  just  lx)sterior  to  that  of  the  third  nerve  (Fig.  UK)). 
The  fibers  pass*  dorsalward  toward  the  velum  and  make  a  com- 
plete decussation  l>efore  emerging. 

The  Fifth  Cranial  Nerve  (N.  Trigeminus). — This  nerve  arises 
from  the  side  of  the  poas  by  two  roots,  a  small  motor  root,  portio 
minor,  and  a  large  sonson'  root,  portio  major.  It  is,  therefore,  a 
misced  motor  and  sensor>'  ner\'e,  supplyifig  motor  fibers  to  the 
muflclee  of  masticatitm  and  s<>n.sor3'  fil)ers  of  pressure,  pain,  and 
temperature  to  the  face,  the  forepart  of  the  scalp,  the  eye,  nose. 
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portions    of    the    ear,    mouth,    and    tongue,   and    to    the    dura 
mater  (Fig.  101).     In  the  bterior  of  the  brain  the  motor  portion, 


Fig.  tOl. — DiAsram  ■howiog  the  average  srea  of  dUtributioa  of  the  ■anaory  fibenof  thm 

trigeminal  ncrvo. — {Cuahing.) 


N.  opht. 


Sensory  Tu*>t.       Motor  root, 


K.  max.  sup. 


N.  max.  inf. 


Fig.    102. — ^Nucld  uf  origin  of  lh«   fifth  cranial   nerve. — (FVotn  Poirier  and  CHarpjft  aftor 

Van  OrhucKlen.) 


portin  minor, arises  partly  frnm  a  small  nnrlpiis  in  the  poas  and  partly 
from  a  long  column  of  cells  extending  along  the  lower  margin  of  the 
central  g^-ay  matter  throughout  the  niiclf>rain.     ThLs  column  and 
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the  fibers  arising  from  it  constitute  the  descending  motor  root  of  the 
fifth  nerve  (see  Fig.  102).  The  season'  fibers  originati!  from  the  nerve 
oeDs  in  the  Gosseriaa  ganglion  (g.  semilunarej.  The  branch  that 
enl«n  the  brain  cads  partly  in  a  collection  of  cells  in  the  pons,  the 
aihCtUed  sensor>'  nucleus,  and  partly  in  a  coluinn  of  cclLs  extending 
pogterioriy  throughout  the  length  of  the  tneduUa.  These  cells 
and  tlic  fibers  ending  in  them  constitute  the  descending  spinal  root 
of  the  fifth  nerve  (see  Kig.  99). 

TheSidh  Craniid  S^en^(N.  Abducent). — This  nerve  arises  from 
the  haae  of  the  brain  at  the  posterior  edge  of  the  jjons.  It  is  a  motor 
sorre,  and  supplies  fibers  to  the  external  a*ctus  muscle  of  the  eye- 
hftlL  In  the  interior  of  the  brain  its  fibers  originate  in  a  small  .spheri- 
cal nucleus  lying  beneath  the  floor  of  the  fourth  ventricle.  Con- 
neclkms  have  been  traced  l^etween  this  nucleus  and  the  pyramidal 
tract  of  the  opposite  side  (Fig.  99). 

The  Strtmlh  Cranial  Ntrve  {N.  Facialis). — This  nerve  appears 
OQ  the  base  of  the  brain  at  the  posterior  margin  of  the  pons,  lateral 
awl  mmewhat  posterior  to  the  emergence  of  the  sbcth  nerve.  It  is 
mainly  a  motor  nerve,  but  carries  some  sensor>'  fibers  (fibers  of 
tftila and  general  sensibility)  received  through  the  n.  intcnnodius  of 
Wriflberg.  The  motor  filK.'rs  of  the  nerv*e  i;uj)ply  the  muscles  of  the 
(aee,  part  of  the  scalp^  and  the  ear,  including  its  intrinsic  muscles, 
and  in  aildition  secretor>'  fibers  are  supplied  to  the  submaxillary 
aod  iwblingual  glands.  Within  the  brain  these  fibers  arise  from  a 
conspiruous  nucleus  in  the  tegmental  region  of  the  pons  lying 
venteal  to  the  nucleus  of  the  sixth,  beneath  the  middle  of  the  fourth 
ventricle  (Fig.  99).  The  sensory  fibers  of  the  nerve  of  Wrlsberg 
originate  in  the  ner\'e  cells  of  the  geniculate  ganglion. 

Thr  Sinlh  Cranial  Nirir  (.V.  Giosmphari/ngcii^)  arises  from  the 
•ide  of  the  medulla. — the  restiform  body.  It  is  a  mixed  nerve, 
Ripplying  motor  fil>ers  to  the  muscles  of  the  phar>nx  and  the  base 
of  the  tongue  and  secretory-  fillers  to  the  parotid  gland.  AVithin 
the  brain  tht*se  fil>ers  arLse  from  two  motor  nuclei  common  to  I  his 
and  the  tenth  nerve, — namely,  a  dorsal  nucleus  l^elow  the  floor  of 
ihft  fourth  ventricle  and  a  smaller  ventral  nucleus,  n.  ambiguus, 
in  the  reticular  substance  of  the  tegmentum  (Fig.  99).  The  sensory 
fibeiB  supply  in  part  the  mucous  membrane  of  the  tongue  and 
pharynx,  the  tympanic  cavity,  and  the  Eustachian  tube.  These 
fiben  arwc  from  cells  in  the  two  ganglia  on  the  tnmk  of  the  ner\'e, 
thr  ganglion  superius  and  g.  petrosum.  The  branches  from  these 
eeib  that  paB8  into  the  medulla  terminate  in  the  nucleus  of  the  ala 


Tkr  Tenth  Cranial  Srrvr  (.V.  Vnrjus  or  Pneumogastricus). — This 
vr  arises  from  the  side  of  the  medulla  posterior  to  the  origin  of 
the  glooBophar^'ngcal  nerve.     It  Ls  also  a  mixed  ner\'e,  with  an 
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extensive  distribution  to  the  respiratory  and  digestive  organs  and 
the  heart.  Its  efferent  or  motor  fibers  arise  within  the  brain  from 
the  same  masses  of  cells  that  give  rise  to  the  motor  fibers  of  the 
glossopharyngeal.  These  fibere  supply  the  intrinsic  muscles  of  the 
larjnx,  esophagus,  stomach,  small  intestine,  and  part  of  the  large 
intestine.  Inhibitor}*  fibers  are  carried  to  the  heart  and  secretory 
fibers  to  the  gastric  and  jMincreatic  glands.  Its  sensory  or  afferent 
fibers  are  distributed  to  the  mucous  membrane  of  the  lan'nx, 
trachea,  and  lungs,  and  to  the  mucous  membrane  of  the  esophagus, 
stomach,  intestines,  and  gall-bladder  and  ducts.  These  fibers 
arise  from  cells  in  the  ganglia  on  the  trunk  of  the  ner\'e,  the  gan- 
glion jugulare  and  g.  nodosum.  The  branches  from  these  cells  that 
pass  into  the  medulla  terminate  in  the  gray  matter  of  the  ala  cinerea. 

The  Eleventh  Cranial  Nerve  (iV.  Accessorius). — This  nerve  is 
usually  described  as  arising  by  upper  roots  from  the  medulla,  and 
by  a  series  of  lower  roots  from  the  spinal  cord  as  low  as  the  fifth 
to  the  seventh  cenical  segment.  It  is  a  motor  nen'e,  supplying 
fibers  t^  the  stemomastoid  and  trapejsius  muscles.  The  medullary 
branches  arise  from  the  posterior  portion  of  the  dorsal  motor 
nucleus  which  gives  origin  to  the  vagus,  while  the  spinal  branches 
originate  from  cells  in  the  anterior  horn  of  the  gray  matter  of  the 
cord  (Fig.  99). 

The  Turifth  Crainal  Nerve  (N.  Hypogh.'^sus), — This  ner\'e  arises 
from  the  metlulla  in  the  furrow  between  the  anterior  pjTamid  and 
the  olivary  body.  It  is  a  motor  nerv^e,  supplying  the  musries  of 
the  tongue  antl  the  extrinsic  muscles  of  the  lar^Tix  and  hyoid  bone. 
Within  the  brain  these  fibers  originate  from  a  distinct  nucleus 
lying  in  the  floor  of  the  fourth  ventricle  near  the  mid-line  (Fig.  99). 


CHAPTRR  XII. 

THE   SYMPATHETIC   OR   AUTONOHIC   NERVOUS 
SYSTEM. 

The  chain  of  ner\*c  p;anglia  extending  on  each  side  of  the  spinal 
coliuun  to  the  coccyx  is  laiown  as  the  sympathetic  nervous  system. 
This  name  was  given  to  the  structure  under  the  misapprehension 
that  it  constitutes  a  nerve  pathway  through  which  so-culled  sym- 
pathetic— or.  as  we  now  designate  them,  reflex  actions  of  distant 
org&na  are  eflfected.  It  was  s\ipjKJseiI  to  arine  frotn  the  brain  by 
branches  connected  with  the  fifth  and  sixth  cranial  nerves.*  We 
now  know  that  this  system  consists  of  a  series  of  ganglia  or  eol- 
leetions  of  ner\'e  cells  connected  with  oach  other  and  connerte<l  also 
with  the  spinal  ner\'es.  Strictly  siicakinp;.  the  tenn  synif>athetic 
system  is  applicable  only  to  the  chain  of  ganglia  which  bcp;inH  with 
the  superior  cervical  ganglion  at  the  base  of  the  skull  and  ends 
with  the  ganglion  coccygeum.  There  are,  however,  other  outlying 
ner\'e  ganglia  with  or  without  sf)ecifir  names  which  from  a  physio- 
kigical  and  indeeil  from  an  anatomical  standpoint  l^elong  to  the  same 
group.  In  the  alxiomen  we  have  the  so-called  prevertebral  ganglia, 
the  semilunar  ganglion  from  which  arises  the  celiac  plexus,  the 
superior  mesenteric,  and  the  inferior  mesenteric  ganglion  giving 
rise  to  the  hypogastric  nerve.  These  ganglia  lie  ventral  to  the 
sympathetic  trunk,  but  are  in  direct  connection  with  it.  In  the 
bead  region  the  ciliary,  sphenopalatine,  and  otic  ganglia  are 
abo  of  the  same  type.  More  peripherally  are  numerous  other 
ganglia  lying  in  or  aroimd  the  various  visceral  organs,  such  as  the 
submaxillanr'  gangUon  near  the  duct  from  the  corresponding  gland, 
the  cardiac  ganglia  in  the  heart,  and  the  extensive  system  of  nerve 
cella  in  the  walls  of  the  alimentar>^  canal  known  as  the  plexuses 
of  Heissner  and  Auerbach.  With  the  exception.  j>erhaps,  of  this 
Itft  system,  whose  histological  stnicture  and  connections  are  not 
eatisfactoriiy  known,  all  of  these  ganglia  are  frequently  designated 
as  sympathetic,  and  from  a  physiological  as  well  as  an  anatomical 
standpoint  may  be  considered  with  the  ganglia  of  the  sympathetic 
tnmk  or  chain.  Langley,  wh<»  has  contributed  greatly  to  our 
knowledge  of  the  finer  anatomy  and  the  physiology  of  this  system, 
has  recently  proposed  a  different  classification  .*(■ 

•  '-»-'  IV-ll,  "The  Nor\-ous  SvsK^m  of  tlu.  Human  Body,"  third  edi- 
tion 1S44.  i>.  9. 

;  .-. l'.-*  "Text-book  of  PhysioIog\-,"  1900,  vol.  ii  ;  '*  Krgebnis8«  Uer 

Fhjruiotogip,"  1903,  voL  ii.  pari  ii,  p.  S23  ;  alw  "  Brain,"  1903,  voL  xxvi. 
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Autonomic  Nervous  System. — According  to  Lang!ey,  the 
efferent  fibers  from  the  nene  cells  of  the  sympathetic  and  re- 
lated g&nglia  supply  the  plain  muscle  tissues^ 
the  cardiac  muscles,  and  the  glands, — that  is, 
the  organs  of  the  involuntan-  or.  according  to 
an  old  nomenclature,  the  vegetative  processes 
of  the  body.  He  proposes  for  this  entire  sys- 
tem of  efferent  fibere  the  term  autonomic,  to 
intlicate  that  they  possess  a  certain  independ- 
ence of  the  central  nenous  s\^tem.  The  au- 
tonomic system  is  contrastetl  phj'gdologically 
and  anatomically  >\nth  the  efferent  spinal  and 
cranial  fibers  that  supply  the  striateti  or  volun- 
tary- muscles:  physiologically  in  the  fact  that 
this  latter  group  of  fibers  is  entirely  dependent 
upon  activities  of  the  central  nen'ous  system, 
and  anatomically  in  the  fact  that  the  auto- 
nomic fibers,  although  arising  ultimately  from 
the  central  ner^•ous  system,  all  pass  to  their  pe- 
ripheral tissues  by  way  of  sympathetic  nerve 
cells.  The  autonomic  path  consists  of  two 
neurons:  one  in  the  central  nenous  system 
the  axon  of  which  emerges  in  one  of  the  spinal 
or  cranial  nenes  ami  ends  around  the  dendrites 
of  a  sympathetic  cell;  and  one,  the  axon  from 
the  sympathetic  cell  which  passes  to  the  periph- 
eral tissue.  The  first  axon  is  spoken  of  as  the 
preganglionic  filler,  the  second  as  the  post- 
ganglionic fiber.  Their  connections  are  repre- 
sented in  the  accompanying  schema.  (Fig.  103.) 

Physiological  and  anatomical  investigations 
have  shown  thiit  autonomic  nene  filx>rR  arise 
from  four  regions  in  the  central  nervous  system 
(Fig.  104):  First,  from  the  midbrain,  emerging 


V\%.  103. — Schema  to  show  tbtt  oenarmJ  r«Ution  between 
the  pre0ui«lioiue  »nd  poetgBDgKonic  fibcfs  of  ibe  Autonomio 
psthi. 


FiK.     104  —  lUus- 
tnituiKtlte  nmtrmi  ori- 

SIM  of  the  KUionomio 
ben.— (i;.a«i«)<«y-) 


to   the  third   cranial  nerve  and  passing  vl 

■eoood.  from  the  bulbar  region,  emerging  in  the  seventh,  nintn,  and 
tenth  cranial  nerves;  third,  from  the  thoraoit*  spinal  nerves  (first 
thocmcdc  to  fourth  or  fifth  lumbar)  and  passing  in  general  via  the 
ganglia  of  the  sympathetic  chain;  fourth,  fnim  tlie  sacral  region 
try  way  of  the  so-called  nen'us  erigent*  supplying  the  descending 
colon,  rectum,  anus,  ami  genital  organs.  The  autonomic  fibers  at 
their  origin  in  the  central  ner\'ous  system — that  is,  while  pregan- 
giioai<r  fibers — are  all  {>osses8e<i  of  a  small  medullated  sheath,  fl 
having  a  diameter  of  1.8  /i  to  4  /i.  The  postgangli<niic  fiber  is  in 
iDOBt  cases  non-medullatotl,  but  this  is  by  no  means  an  invariable 
rule.  In  man>'  cases  the  axons  from  sjTiipathetic  cells  possess 
distinct,  although  small,  myelin  sheaths.  __. 

The  Nicotin  Method. — The  course  of  the  autonomic  fibers^ 
has  been  traced  in  many  cases  to  their  corresix>tKling  sympathetic 
nerve  cells  partly  by  the  method  of  secondurv  degeneration  and 
partly  by  the  use  of  nicotin,  as  first  descrihod  by  Langley  and 
Ki>icidnson.*  These  authors  have  shown  that  after  the  use  of  ^,| 
in,  either  injected  into  the  circulation  or  painted  upon  thei| 
elion.  stimulation  of  the  preganglionic  fi!>er  in  any  part  of  its 
fails  to  give  any  response,  while  stimulatitm  of  the  post- 
ganglionic liber,  on  the  contrary-,  is  still  effective.  It  would  seem, 
therefore,  that  the  nicotin  paralyzes  the  connection  of  the  pre- 
ganglionic fiber  with  the  sympathetic  nerve  cell,  and  by  means 
of  the  Icx-al  application  of  tlie  rlnig  it  is  possible  in  many  caws 
to  pick  out  the  ganglion  in  which  the  preganglionic  filx»r  really 
coda.  For  it  often  happens  that  in  the  sympathetic  trunk  this 
fiber  will  pass  through  several  ganglia  Ijefore  making  final  connec- 
tions with  the  sympathetic  cells.  So  far,  the  course  of  these 
filK>rs  has  been  trace<i  most  successfidly  in  the  case  of  tliose  sup- 
plying the  sweat  glands,  bloofl-vessels,  and  especially  the  erector 
muscles  of  the  haira,  the  so-called  pilomotor  ner\'e  fibers.  The 
gViaible  result  of  stimulation  in  the  last  case  gives  a  ready  means 
r  determining  the  presence  of  the  fibers. 
General  Course  of  the  Autonomic  Fibers  Arising  from  the 
^inal  Nerves. — It  has  long  been  known  that  the  spinal  nen'cs 
are  connected  with  many  of  the  ganglia  of  the  sympathetic  chain 
by  fine  branches  known  as  the  rami  commimicantes.  In  the  tho- 
racic and  lumbar  regions  (first  thoracic  to  second  or  fourth  lumbar) 
[Ibese  rami  consist  of  two  parts:  a  white  and  a  gray  ramus,  the 
ference  in  color  being  due  to  the  fact  that  the  white  rami  are 
almost  entirely  of  medullated  fibers,  while  the  gray  rami 
[are  lafgely  non-medullate<L  In  the  cenical,  lower  lumbar,  and 
*aaeral  ne^ons  the  rami  consist  only  of  the  gray  part.     Physiological 
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experunenta  show  ih^t  the  white  rami  consist  of  preganglionic 
fibers  th^t  arise  from  ner\*e  cells  in  the  spinal  column,  pass  out  by 
way  of  the  anterior  roots,  enter  the  white  ramus,  and  thus  reach 
the  SAmpethetic  chain.  <.)n  entering  this  latter  the  fiber  may 
not  end  at  once  in  the  ganglion  at  which  it  enters,  but  may  pass  up 
or  down  in  the  chain  for  some  distance.  Eventually,  however,  it 
ends  arotmd  a  s>Tnpathetic  nene  cell  and  the  path  is  then  con- 
tinued by  the  axon  from  this  cell  as  the  postganglionic  fiber,  Tlie 
gray  rami  consist  of  these  latter  fibers,  which  return  from  the  s>-m- 
pathetic  chain  to  the  spinal  ner\-es  and  are  then  distributed  to  the 
areas  suppUed  by  these  ner\-es,  particularly  the  cutaneous  areas, 
since  the  skin  branches  are  the  ones  that  supply  the  sweat  glands, 
the  blood-vessels,  and  the  erector  muscles  of  the  hairs.  It  vnW  be 
noted  that  the  fibers  that  pass  from  a  given  spinal  nerve — say,  the 
twelfth  thoracic- — by  a  white  ramus  to  enter  the  sympathetic  chain 
do  not  return  as  postganglionic  fibers  by  the  gray  ramus  to  the 
same  spinal  ner\'e.  On  the  contrarv*.  the  gray  ramus  of  the  twelfths 
thoracic  may  consist  of  the  postganglionic  portion  of  autonomic 
fibers  that  enter  the  &>'mpathetic  thiDugh  a  white  ramus  of 
one  of  the  higher  thoracic  ner\es.  In  general,  we  may  say 
that  there  is  a  great  outflow  of  autonomic  fibers,  including 
vasomotor,  sweat,  and  pilomotor  fibers,  in  the  white  rami  conunu- 
nicantes  from  the  first  or  second  thoracic  to  the  second  or  fourth 
lumbar  ner\'es.  Those  of  these  fibers  that  are  to  be  distributed  to 
the  skin  areas  of  the  body — head,  limbs,  and  trunk — return  by  way 
of  the  gray  rami  to  the  various  spnial  ner\*es  and  are  distributed  with 
these  ner\'es,  the  distribution  being  somewhat  different  in  different 
animals  and  for  the  different  varieties  of  fibers.  Those  fillers  that 
are  distributed  eventually  to  the  blood-vessels,  glands,  and  walls 
of  the  ATScera  have  a  different  course  from  those  supplying  the 
glands,  blood-vessels,  and  plain  muscle  of  the  head  region.  For 
the  hea<l  region  the  fibers  after  entering  the  8>*m pathetic  chain  pass} 
upward  along  the  cervical  s\Tnpathotic  to  end  in  the  superior 
cervical  ganglion;  thence  the  path  is  continued  by  postganglionic 
fibers  which  emerge  by  the  various  plexuses  that  arise  from  this 
ganglion.  For  the  abdominal  and  pehnc  Aiscera  the  fibers  (particu- 
larly the  rich  supply  of  vasoconstrictor  fibers),  after  entering  the 
s>'mpathetic  chain,  emerge,  still  as  preganglionic  fibers,  by  the 
splanchnic  ne^^*es  that  run  to  the  celiac  ganglion  or  in  the  branches 
connecting  with  the  inferior  me^senteric  ganglia,  and  then  become 
postganglionic  fibers  (see  Fig.  105).  The  details  of  the  course  of 
the  vasomotor,  sweat,  visceromotor  fibers  to  the  different  regions^ 
the  cartliac  fibers,  etc,  will  l>e  given  in  the  appropriate  sections. 

General  Course  of  the  Autonomic  Fibers  Arising  from  the 
Brain. — These  fibers  leave  the  brain  in  the  third,  seventh,  ninth, 
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tenth,  and  eleventh  cranial  nerves 
n«T%'e  endt  as  preganglionic  fi- 
bers, in  the  ciliar)*  ganglion. 
Tbcdr  poAtganglionic  fibers 
leave  this  ganglion  in  the  short 
ctBary  nen*es  and  inner\'ate 
the  plain  muscle  of  the  sphinc- 
ter of  the  iris  and  the  ciliarj' 
muscle.  The  fibers  that  emerge 
in  the  seventh  and  ninth 
nerves  pmbably  supply  the 
glands  and  blood-vessels  (vaso- 
dilator fibers)  of  the  mucous 
membrane  of  the  nose  and 
BMiuth.  Some  of  these  fil:)er8 
reteh  the  fifth  nerve  b>'  way 
of  anastomosing  branches  and 
are  diatributcd  with  it.  Their 
pnganglionic  portion  termi- 
natofl  in  some  of  the  ganglia 
Iwlonf^ng  to  the  sympathetic 
type  which  are  found  in  this 
re^an,  such  as  the  sphenopal- 
atine and  otic  ganglia,  and  the 
flubmaxillary  and  sublingual 
gani^lia  for  the  fillers  dis- 
tributed to  the  glands  of  the 
aame  name.  The  autonomic 
fibers  that  arise  with  the  tenth 
(and  the  eleventh)  nerves  are 
distributeti  through  the  vagus. 
Physiolopcally  these  fibers 
consist  of  motor  fillers  (\is- 
cerwnotor  fibers)  to  the  mus- 
culature of  the  esophagus, 
stomaeh,  small  intestine,  and 
large  intestine  as  far  as  the 

^  <ieflrending  rulon.  motor  filxrs 
to  the*  bronchial  musculature, 
inhibitory  fibera  to  the  heart, 
and  8ecretor>'   fibers    to    the 

^  gastric  and  pancreatic  glands. 
The  ^nj^lia  in  whlrli  the  pre- 
ganglionic portion  ends  have 
not    been    definitely  isolated, 


Those  that  emerge  in  the  third 


Fur.  105- 


DUffrmm  civinK  ft  schemftCte 
rrprt-'VntatioD  of  the  cour«  of  tlw  autonofnie 
r;4ytnpnthe(ic)fib«nftrijdnBfroni  the  ttKtnidco- 
lumbor  and  vcr&l  recionn  nf  tb«  cord.  Tha 
prec&Qglionic  fib«r  U  re^ireMinled  in  red.  the 
poatgftDRlionir  in  black  Unas.  The  Bm>ws  in- 
atcat«  the  normal  diir^tinn  of  the  nerve  im- 
pulses or  netrve  conduction.  S.c,  Superior 
cervical  K&nslinn ;  f.c.  inferior  nervioaismn- 
(rJi«^n:  T.  the  first  thnraric  KanKlion;  8p.,  the 
ipliinrhtiir  nrrve;  r.,  (he  BemlTunar  or  oeUae 
pirifrllun  ;  m..  Ilie  inferior  mesenteric  ^nglion; 
h..  the  hyp«>fEft«tnc  Dervcs;  X.E.,  the  nemia 
enittn*.  The  oumeraU  indicate  the  mrre- 
•pfjmlinK  spinal  nerves. 
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but  probably  they  comprise  the  small  and,  for  the  most  part,  un- 
named local  ganglia  found  in  or  near  the  organs  innervatetl. 

General  Course  of  tlie  Autonomic  Fibers  Arising  from  the 
Sacral  Cord. — The  autonomic  fibers  of  this  region  emerge  from 
the  cord  in  the  anterior  roots  of  the  sacral  nen'es, — second  to 
fourth.  The  branches  from  these  roots  unite  to  form  the  so-ealled 
ner\'us  erigens  (pelvic  ner\'e),  which  loses  itself  in  the  pelvic  plexus 
without  making  ronnectitms  witli  the  svinpathetic  chain  of  ganglia. 
The  pelvic  plexus  is  formed  in  part  also  from  the  hypogastric  ner\'e 
arising  from  the  inferior  mesenteric  ganglion.  Through  this  latter 
path  autonomic  fibers  from  the  upper  lumbar  region  enter  the 
plexus  (I'ig.  105).  The  autontmiic  fibers  of  the  nervus  erigens 
supply  va.sodilator  filxrs  to  the  external  genital  organs,  and  in 
the  male  constitute  the  physiological  mechanism  for  erection; 
whence  the  name.  They  supply,  also,  vasodilator  fibers  to  rectum 
and  anus  and  motor  fil>ers  to  the  plain  muscles  of  the  colon  de- 
scendens,  rectum,  and  anus.  The  preganglionir  f  jart  »^f  these  fibers 
ends  in  small  sympathetic  gandia  in  the  pelvic  plexus  or  in  the 
neighborhooli  of  the  organs  supplied. 

Normal  Mode  of  Stimulation  of  the  Autonomic  Nerve  Fibers. 
— In  distinction  from  the  m^rve  fibers  innervating  the  skeletal 
muscles  practically  the  whole  set  of  autonomic  fibers  is  removed 
from  the  conEroi  of  the  will.  An  ai>parent  exception  to  this  general 
statement  is  found  in  the  fad  that  the  ciliar>'  muscle  of  the  eye  is 
seemingly  untier  voluntary*  control.  We  must  suppose  that  under 
normal  conditions  they  are  always  excited  reflexly,  antl  the  course 
of  the  afTerent  fibers  conrernc<l  in  these  reflexes  antl  the  nature  of 
the  efFertive  sensor\'  stimulus  in  each  case  are  important  in  the  con- 
sideration of  each  of  the  physiological  mechanisms  involved.  Most 
of  these  mechanisms,  as  we  shall  find,  work  reflexly — that  is, 
without  voluntan,*  initiation — and.  for  the  most  part,  uncon- 
sciously,— for  instance,  the  movements  of  the  intestines,  the  secre- 
tion of  the  cfigestive  glands,  and  the  contraction  and  dilatation  of 
the  arteries.  The  autonomic  nerve  fibers  control,  therefore,  the 
unconscious  co-onlinated  actions,  the  so-called  vegetative  processes, 
of  tlie  bofly.  There  is  no  apparent  reason  in  the  anatomical  ar- 
rangements why  these  fibers  shmdd  be  free  from  voluntary*  control. 
Their  distinguishing  characteristic  in  comparison  with  the  ner\^e8 
for  the  voluntary*  luovoments  is  the  fact  that  they  all  terminate 
first  in  sympathetic  nerve  cells;  but  this  fact  gives  no  explanation 
of  the  absence  of  conscious  conti^ol  by  the  will.  We  are  justified  in 
saying  that  ncn*c  paths  that  pass  through  sympathetic  ner\'e  cells 
cannot  be  excite<l  voluntarily;  but  the  imnio<iiate  reason  for  this 
fact  is  probably  to  be  found  in  the  ultimate  point  of  origin  of  (he-se 
paths  in  the  central  nervous  system.     What  we  designate  as  vol- 
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UOit^ry  motor  paths  arise  in  a  definite  ropon  of  the  cortex, — the 
motor  area  in  the  frontal  loix*.  Our  motor  conceptions  or  ideas 
cftn  affect  the  efferent  paths  arising  in  this  region,  but  not  those, 
ftpparently.  which  originate  in  other  parts  of  the  brain. 


CHAPTER  XIII. 
THE  PHYSIOLCXiY  OF  SLEEP. 

The  state  of  more  or  less  complete  uncon.sciousness  which  we 
designate  as  sleep  forms  a  part  of  the  i)hysioI(if5>'  of  the  brain  which 
naturally  ha^s  attraeteil  much  attention,  and  the  theoretical  explana- 
tions that  have  Iwen  advanced  at  one  tune  *ir  another  arc  exceed- 
ingly numerous.  The  same  condition  occurs  in  many,  if  not  all,  of 
the  other  manmialia,  and,  indeed,  in  all  hving  things  there  occur 
periods  of  rest  alternating  with  j)eriods  of  activity.  Whether  these 
periods  of  n\st  are  essentially  similar  in  nature  to  sleep  in  man 
is  a  (|uestion  in  general  physiology'  that  can  he  solved  only  when 
we  know  more  of  the  chemistrv'  of  living  matter  Within  (he  human 
body  there  are  other  tissues  that  exhibit  periofls  of  rest  alternating 
with  i>eriods  of  activity, — the  gland  cells,  for  example.  The  secret- 
ing cells  of  the  pancreas  have  a  jx^riod  of  activity  in  which  the 
destructive  processes  exceed  the  constructive,  and  a  jieriod  of  rest 
in  which  these  relations  are  reversed.  We  may  compare  this  con- 
dition in  the  gland  eelLs  with  that  in  the  brain.  Sleep,  from  this 
standpoint,  is  a  f>eriod  of  comparative  rest  or  inactivity,  during 
which  the  constructive  or  ana]>oIic  processes  are  in  excess  v)f  the 
disassimilator}*  changes.  The  period  of  sleep  is  a  |x*riod  of  re- 
cuperation, and  doubtless  all  tissues  have  these  alternating 
phases.  To  explain  sleej)  fundamentally,  therefore,  it  would  l>e 
necessar>'  to  understand  the  chemical  changes  of  anabolLsm  and 
catabolism,  and  an  expkination  of  the  shx'p  of  the  brain  tissues 
would  doubtless  explain  the  similar  phenomenon  in  other  tissues. 
But  what  the  physiologists  desire  first,  and  have  attempted  to 
determine,  is  an  explanation  of  why  this  condition  comes  on  with 
a  certain  i>enodical  regidarity, — an  explanation,  in  other  words,  of 
the  mechani.^ni  of  slee]).  the  change  or  changes  in  the  brain  or  the 
body  which  reduce  the  metabolism  of  the  brain  tissue  to  such 
an  extent  that  it  falls  Ijclow  the  level  nece-ssary  to  cause  conscious- 
nass. 

Physiological  Relations  during  Sleep. — The  central  and  most 
important  fact  of  s!l^ep  is  the  partial  or  complete  loss  of  conscious- 
ness, and  this  phencmienou  may  be  referred  directly  to  a  lessened 
metabolic  activity  in  the  brain  tissue,  presumably  in  the  cortex 
cerebri.    During  slet^p  the  following  changes  have  been  recordedr 
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the  respirations  become  slower  and  deeper  and  the  costal  respiration 
(fnpiration  by  elevation  of  the  ribs)  predominates  over  the  ab- 
dominal or  diaphragmatic  respiration  as  comi>ared  with  the  waking 
condition.  The  respirat-orv  movements  also  show  frequently  a 
teodency  to  become  periodic,— that  is,  to  increase  and  decrease 
regularly  in  groups  after  the  manner  of  the  Cheyne-Stokes  type 
oi  breathing.  The  expiration  is  freciuently  shorter  and  more  audi- 
ble than  in  the  respirations  of  tfie  waking  hours.  The  eyeballs 
luU  upwanl  and  inward  and  the  pupil  is  t'onstricted.  Acconling 
Loml>ard*s  obsen-ations,  the  knee-kick  decreases  or  disappears 
tirely  during  sleep.  .Some  of  the  constant  secretions  are  dimin- 
klied  in  amount,— as,  for  instance,  the  urine,  the  tears,  and  the 
mretion  of  the  mucous  glands  in  the  nti&^d  or  pharyngeal  mem- 
brane. One  of  the  familiar  signs  of  a  slee})y  condition  is  the  drj'ness 
al  the  surface  of  the  eyes,  a  conditifni  that  leads  to  the  rubbing 
of  the  eyes.  It  is  3<:)metimes  statevl  that  the  digestive  eerretions 
are  diminished  during  sleep,  but  the  statement  does  not  seem  to 
n0t  U|xjn  satisfactor)'  ol>servations,  and  may  I>e  diiuhteil.  'J'he 
pabe-rate  decreases  during  sleep  and  there  are  also  certain  sig- 
nificant changes  in  the  ilistribution  of  bUxjd  in  the  botly  owing 
to  a  diminished  vascidar  tone  in  the  skin  vessels.  These  hitter 
changes  will  \ye  refcrre*!  to  more  in  detail  l»elow.  The  jihysiological 
oxiilmtions  are  also  decreasetl,  as  showTi  by  the  diminished  output 
of  carbon  dioxid.  On  the  whole,  however,  the  physiological  actiuties 
of  the  ImkIv  go  on  much  as  in  the  waking  ron(lition.  Those  changes 
in  activity  that  do  occur  arf\  in  the  main,  an  indirect  result  of 
the  partial  or  complete  cessation  of  activity  in  the  brain.  One 
might  say  that  while  the  cortex  of  the  brain  sleeps — that  is,  is 
inactive — most  of  the  other  organs  of  the  Ixidy  may  l)e  awake  and 
maintain  their  normal  activity.  Another  fact  of  interest  is  that 
the  entire  cortex  does  not  fall  asleep  at  (he  same  instant  nor 
a]wa}'8  to  the  same  extent.  Ordinarily  as  sleep  set^  in  the  power 
lo  make  conscious  movements  is  lost  first  and  the  auditory  sen- 
sihilitv  last,  and  on  awakening  the  reverst^  relation  holds.  The 
if  !   may   Ih»   conscious  of  sound   sensations   before  he  is 

pii  i>    awake  to  make  voluntary' movements. 

The  Intensity  of  Sleep. — ^The  intensity  of  sleep — that  is,  the 
depth  of  unconsciousness — has  been  studied  by  the  simple  device 
of  afloertaining  the  intensity  of  the  sensory  stimulus  necessary  to 
awaken  the  sleeper.  Kohlschiitter*  use<l  for  this  purpose  a  pendu- 
hmi  falling  against  a  sf>unding  plate.  At  intervals  of  a  half-hour 
during  the  period  of  sleep  the  auditory  stimuli  thus  produced  were 
incrcaaed  in  intensity  until  waking  was  ca\ised.  His  results  are 
expraased  in  the  curve  shown  in  Fig.  106,  in  which  the  intensity 
*  KohUchutter.  ^'Zeit^hrift  f.  rationelle  Mcdicm,"  1863. 
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^^^m        of  the  sleep  is  represented  by  the  height  of  the  ordinates.     According 
^^^V        to  this  cur\*e,  the  greatest  intensity  is  reached  ah>out  an  hour  after        M 
^^^1        the  beginning,  and  from  the  second  to  the  third  hour  onward  the       1 
^^^B        depth  of  sleep  is  very  slight.     The  activities  of  the  brain  lie  just       1 
^^^B        below  the  threshold  of  consciousness..    It  appears  also  from  this       1 
^^^B        curve  that  the  recuperative  effect  of  sleep  is  not  proportional  to        1 
^^^P        its  intensity.    The  long  perioci  from  the  third  to  the  eighth  hour, 
^^^B        in  which  the  depth  of  sleep  is  so  slight  is  presumably  as  important 
^^^B        in  restoring  the  brain  to  its  normal  waking  irritability  as  the  deeper 
^^^B        period  up  to  the  third  hour.     It  is  probable  that  the  cune  of  in- 
^^^H         tensity  of  sleep  varies  somewhat  uith  the  indiA-idual  and  also  with 
^^^B        surrounding^  conditions.    That  individual  variations  occur  is  indi- 
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•CHMarv  tn  drop  the  ball  increiu^l  during  the  first  hour,  and  Ibon  diminiab 
rapidly,  thon  elowly. — {KohJarhANer.) 

y  the  results  obtained  by  two  other  obsen'ers,  Monninj 
L'sbergen  *  who  used  the  same  general  method  as  was 
by  Kohlschiitter.    The  sleeper  was  awakened  by  audi 
produced  bv  dropping  a  lead  ball  from  van-ing  heights  i 
plate.     Only  two  experiments  were  made  each  night, 
ves  constructed  represent,  therefore,  composites  from  se^ 
of  sle(?p.     One  of  the  curves  obtainecl  is  represente 
>7.    According  to  this   cur\'e,   the   maximum  int^nsit 
I  between  the  first  and  second  hours,  and  between  the  fo 
e  fifth  hour  there  is  a  second  slight  increase  in  inten 
a  secon<l  maximum  in  the  cur\T.     This  latter  feature 
tinninghoff  aiid  Piesbergen.  "Zeitschrift  f.  Biologic,"  10,  1,  ISSI 
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second  increase  in  intensity  toward  morning  is  ver>*  apparent  alaol 
in  some  interesting  cur\efi  obtained  by  Czeniy  from  children  of 
different  ages.  His  method  of  awakening  the  sleeper  was  to  use 
induction  shocks  of  varying  intensities.  In  children  of  four  years 
with  a  normal  i>eri(xl  of  sleep  of  about  twelve  hours  the  cur\'e  show^ 
a  ver\'  marke<i  increase  in  intensity  toward  morning,  as  shown 
in  Fig.  108.  Curves  made  by  similar  experimental  methods  are 
reportetl  by  Howell  and  bj'  Michelson.*  Tlie  striking  feature  about 
all  the  cur\*es  is  the  sharp  increase  in  intcnsit\-  shortly  after  fallii)g 
asleep,  the  maximum  being  reached  at  the  first  or  second  hour  of 
slnmi^er.  Subsequently  the  cur\'e  again  falls  rapidly  and  the  sleep 
is  light ,  but  may  show  a  greater  or  less  increase  in  intensitj'  toward 
the  end  of  the  j)eriod. 

Changes  in  the  Circulation  during  Sleep. — That  the  circula- 
tion undergoes  distinct  and  characteristic  changes  during  sleep 
has  been  showTi  upon  man  by  phlethysmographic  obsen^ations  and 
upon  the  lower  animals  by  direct  kymographic  experiments. 
Using  ver\'  young  df»gs,  Tarchanofff  has  been  able  to  measure 
their  blood-pressure  while  sleeping.  He  finds  that  the  pressuer 
in  the  aorta  fails  by  an  amount  ecjual  to  twenty  to  fift>-  railUmeters 
of  mert'un-  thiring  sleep,  and  that  the  same  general  fact  is  true 
for  mnn  is  shown  by  the  sphygmomanometric  observations  reported 
by  Bnish  and  Fayenveather.t  Making  use  of  patients  with  a 
trephine  hole  in  the  skull,  MnssoJ  has  been  able  to  show  that  during 
sleep  the  volume  of  the  l)rain  diminishes,  while  that  of  the  arm 
or  foot  increases.  The  apparent  explanation  of  this  fact  is  that 
the  blood-vessels  In  the  Invdy  dilate,  and  receive,  therefore,  more 
blood,  while  a  smaller  amount  flows  to  the  brain.  The  volume 
of  the  foot  or  hantls  was  measured  in  these  experiments  by  incasing 
it  in  a  plethysinograpli  (see  section  on  circulation).  The  author j| 
has  extended  these  f)l^sc»r\*ations  so  as  to  obtain  a  plethysmographic 
record  of  the  vohime  of  the  hand  anil  part  of  the  forearm  during 
a  period  of  normal  sleep.  One  of  tlie  records  thus  obtained  is  given 
in  Fig.  109.  The  amount  of  dilatation  is  given  by  the  ordinatea 
be!ow  the  base  line.  Granting  that  the  increase  in  volume  of  the 
hand  and  ann  is  caused  by  an  increase  in  the  volume  of  blood 
containe<l  in  their  V^lood-veasels,  the  curs'e  shows  that  during  and 
after  the  onset  of  sleep  the  blood-vessels  in  the  arm  slowly  dilate 
until  between  one  and  two  hours  after  the  beginning  of  sleep. 

♦  Howell,  "Journal  of  Experimental  Medicine,"  2,  313.  1897.  Michel- 
Bon,  '^DisMTtalion/'  Dorjiat.  1S91. 

t  Tarchiinoff.  ''Archives  itaHcnnes  de  biologie."  21.  318,  1894. 

X  Brush  and  Faverweather,  '*  American  Journal  of  Physiology,"  5,  199, 
1901. 

§  Mosao,  "Ueber  den  Kreislauf  des  Blutes  im  menschlichen  Gehim,"  1881. 

II  Uowcll,  toe.  cit. 
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\ftcT  this  maximum  is  reached  the  arm  remains  more  or  less  of 
the  samo  volume  for  a  certain  period  or  else  diminishes  in  volume 
\*«y  gnuliially.  Shortly  before  waking, 
however,  the  arm  begins  to  dinunish 
more  rapidly  in  size,  owing  doubt- 
leas  to  the  contraction  of  its  blood- 
teasols;  so  that  at  the  time  of  awak- 
ing it  has  practically  the  same  volume 
«8  at  the  beg:inmng  of  sleep.  If,  on 
the  basis  of  Mosso's  experiments, 
quoted  above,  we  assume  that  the 
blood-How  in  the  hmin  stands  in  a 
reriproc-al  relation  to  that  in  the  arm, 
lliis  curve  may  be  taken  to  inrlicate 
that  before  and  after  the  onset  of  sleep 
the  bl<AMl-flow  through  the  bruin  di- 
auniflhes  rapidly  to  a  certain  ix>int 
and  Ihat  before  awaking  the  blood-flow 
beyoB  to  increase  again  until  it  reaches 
DOHiiaI  proportions. 

Effect  of  Sensory  Stimulation. — 
Tbat  aeiiaor>'  stimuli  of  variouH  kinds 
aifect  a  sleeping  individual  without 
entirely  awaking  him  is  shown  by  the 
movements  that  may  bo  caused  in  this 
way,  and  also  by  the  nature  of  the 
dreams  which  may  be  provoketl.  It  is 
vtiy  interesting  to  find  from  plethys- 
mographic  observations  that  all  kinds 
of  Sanson'  stimulations  from  with- 
out and  from  within  are  liable  to 
affect  the  circidation  of  the  blood 
during  sleep.  As  shown  by  the  plcthys- 
mfHrraph.  the  volume  of  the  anu  dimin- 
ishes more  or  less  in  proportion  to  the 
intensity  of  the  stimulus,  and  the 
probable  interpretation  of  this  fact  is 
that  the  sensory  stimulus  acts  reflexly 
upon  the  vasomotor  center  in  the 
medulla  and  causes  through  it  a  con- 
traction of  the  blood-vessels.  In  the 
cur\*e  KhowTi  in   Fig.  1()0  most  of  the 

irregularities  wrn»  traceable  to  r-auses  of  this  kind, — noises 
in  the  buikling  or  street  or  other  sensors-  stimuli.  The 
■une  fact  is  exhibited  in  a  striking  way  by  the  curves  given  in 
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Fig.  1 10.  In  these  experiments  the  recorder  attached  to  the 
plethysmograph  to  register  the  changes  in  volume  was  of  a  differ- 
ent kind  (tambour)  and  the  record  reads  in  a  reveree  waj'  U>  that 
showTi  in  Fig-  U)9, — that  is,  a  dilatation  is  recorded  by  a  rise  in 
the  cun'e  and  a  constriction  by  a  fall.     The  recorder  being  more 

faensitive,  the  volume  changes  in  the  arm  due  to  the  heart  beat  are 
clearly  indicated.    The  legends  attached  to  the  illustration  explain 

'the  results  of  the  experiments. 

Theories  of  Sleep. — Many  hyp<jthe8es  have  been  advanced 
to  explain  the  nature  and  causation  of  sleep.  Confining  ourselves 
to  the  niorc  recmt  hyix^tlieses  that  attempt  to  explain  the  immediate 
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KiK-  110. — Siei'P'  ■■^.  pfTert  of  exteninl  irnprpssiuii  (rnu-sic  Im)x),  iiiHufTiriviil  toawftkea 
rieep(*r, — r  niiirkvl  ditninulion  in  vi^lume  of  the  arm;  A,  effect  of  eTinmal  imprMHion 
(!ntu*ir  bux)  iii-Huffideut  in  awaken  ?<lp^|)er;  a  fitrunger  dimiuuiiou  in  vulunie  followed  by 
dUliiaiiou  OH  the  »ubiect  atpun  fell  asleep. 


cause  of  the  production  of  llic  condition,  the  following  brief  de- 
scription will  suffice  (()  show  the  nature  of  the  theories  proix>scd : 

1.  llir  Accumulation  of  Acid  Waste  Products, — Preycr*  and 
also  Obcrstciner  have  suggested  that  the  accumulation  of  acid 
waste  products  in  the  blood  brings  on  a  gradually  increasing  loss  of 
irritability  or  fatigue  in  tlie  brain  cells  which  results  linally  in  a 
de()ressinn  of  their  activity  sufficient  to  cause  iincfinscirmsness.  It 
is  known  that  functional  activity  in  the  musrlc  is  aecompanied  by 
the  formation  of  acid  waste  products,  especially  sarcolactic  acid. 


*  Pri'ViT,  "(Vntrallilatt  f.  d.  med.  Wiss.."  13.  577.  1X75;  and  Oberateiner, 
"Allgcmeine  Zeitaclirift  f.  Psychiutrie,"  29.  224,  IS72-73. 


THE    PHYSlOUX;V    OF  SLEEP. 


245 


ami  that  tf  not  removed  as  quickly  as  formed  these  products  cause 
ft  dimintititin  and  finally  a  Iosh  of  irritability.  The  central  nerve 
UostieA  in  activity  show  also  an  acid  reaction.  Moreover,  if  lactic 
arkl  or  its  siKliuni  salt  Ls  injeet^nl  into  the  blood  it  brings  on  a  con- 
ditton  of  fatigue  and  finally  a  state  of  unconsciousness.  The  theory. 
!herrfon\  supfjost^i  that  during  the  waking  hours  the  con^itant 
nvity  of  the  muscles  and  nervous  nvstem  re.sults  in  a  gradual 
imulation  of  these  waste  products,  since  their  oxidation  and 
inoval  does  not  keop  pace  \\ith  their  proiluction.  The  end- 
ult  is  a  diminishing  irritability  of  the  central  ner\'0us  system, 
pccially  perhai)s  of  the  cortex,  which  results  finally  in  iuvol- 
t*r>'  sleep,  although  nonnally  the  accumulation  is  not  carrieil 
this  extreme,  since  it  is  our  habit  to  induce  sleep,  when  the 
.tiona  of  sleepiness  become  apparent,  by  withdrawing  ourselves 
ro  excitations,  mentjil  or  sensf>r\\ 

2.  Consumption  of  the  intramolecular  Oxygen. — Pfliiger*  suggests 
I  the  cause  of  sleep  lies  essentially  in  the  fact  that  the  brain  cells 
uring  the  waking  hours  use  up  their  store  of  oxygen  more  rapidly 
han  it  cnn  be  replaced  by  the  absorption  of  oxygen  from  the  bloo<l. 
p  result  L«i  a  gradual  re<luction  in  irritability;  so  that  when 
lomal  stimuli  are  withdrawn  the  oxi(lati<»ns  in  the  cells  sink 
law  the  level  necessary  to  arouse  consciousness.  During  sleep 
rt'  '  r*'  of  intramolecular  oxygen — that  is,  the  oxygen  syntheti- 
'[nbin€xl  by  analxdic  processes  to  fonn  the  irritable  living 
ttcr — is   again    replenished. 

3-  Tht  Seuron  Thrortf, — Duval, f  Cajal,  and  others  have  applied 
thff  neuron  doetrine  to  explain  the  occurrence  of  sleep.  According 
io  the  neuron  conception,  the  connection  l>etween  the  cells  in  the 
rort4*x  anil  the  incoming  impulses  along  the  afferent  paths  is  made  by 
the  contact  of  the  terminal  arborizations  of  the  afferent  fibers  with 
the  detwlrites  of  the  cell.  Assuming  that  these  latter  processes  are 
contractile.  Duval  supposes  that  sleep  is  caused  mechanically  by 
thirir  retraction,  which  results  in  breaking  the  connections  and 
thus  x\ithdrawing  the  brain  cells  from  the  possibility  of  external 
stimulation.  ConductiNnty  is  re-established  upon  awaking  by  the 
elongation  and  intermingling  of  the  processes  again  re-establishing 
jthvsiological  connections.  The  nimierous  efforts  made  to  demon- 
Btrate  the  fact  of  a  retraction  of  the  dendritic  pn)ces.ses  by  histo- 
lopcal  examinations  of  brains  during  sleep  or  narcosis  have,  how- 
ever, not  l>een  successful. 

4.  Ancmui   Theories  of  f^leep, — Numerous  facts   in   phy«iology 
ie  it  practically  certain  that  during  sh'cp  there  is  a  diminished 


•  Pflugff,  "Archiv  f.  d.  gesttmmt*  Physiok^gie/'  10.  4ftH,  1875. 
t  Ihivml,  "  Cnnipl«'*»  rendu*  de  la  j*oc.  dA  hioL,    Februarv,  1805;  luid  Cajalt 
"Archiv  f.  Annt.  (u.  Physiol.)/'  375.  1895. 
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flow  of  blood  through  the  brain,  a  condition  of  cerebral  anemia. 
In  imimals  with  tho  brain  cxpos^i  or  with  a  glass  window  in  the 
skuH  it  haa  i>eon  ob.sorved  tlirerlly  that  the  flow  of  blood  to  the 
cortox  is  diminished duriiigMlet'p,  Mosso's  pleth>  sniographic  experi- 
ments iiu'iitioncd  above  have  been  given  a  similar  interpretation, 
and  Tarchanoff's  observations  upon  sleeping  dogs,  as  well  as  direct 
determinations  ii]>on  man  by  Hnish  and  I'ayerwoather.  show  that 
the  arlerinl  j)ressijre  falls  during  sleep.  Inasmuch  iw  tho  lessened 
pressure  in  the  arteries  is  accompanied  by  a  dilatation  of  the  vessels 
of  the  skin,  as  shomi  In'  the  plethysmograph.  it  is  prtibable,  when 
the  facts  previously  mentioned  are  taken  into  ronsi<leration.  that 
the  diminished  pressure  in  tlie  arteries  forces  less  blood  throvgh 
the  brain  and  more  through  the  dilated  vessels  of  the  skin.  In 
fact,  as  is  explained  in  the  section  on  circulation,  it  is  probable 
that  the  blood-Row  through  the  brain  is  nomiaHy  regidated  in- 
directly by  thr  circulation  in  other  parts  of  the  body.  Constriction 
of  blood-vessels  elsewhere  increases  arterial  pressure  and  shunts 
more  blood  through  the  brain,  and  vice  rirsti.  This  general  view 
is  in  accord  with  the  fact  that  sensory  stimuli  and  increased  mental 
activity  are  accompanied  by  a  constriction  of  the  blood-vessels 
(of  the  skin)  and  a  rise  of  arterial  pressure^  while,  on  the  other 
handj  mental  inartivity  ami  especially  sleep  are  accompanied  by 
a  dilatation  of  the  blood-vessels  of  the  botly  (skin  vessels)  and  a 
fall  of  arterial  pressure.  All  of  our  facts,  therefore,  point  to  an 
anemic  condition  of  the  brain  during  sleep,  and  some  physiologists 
have  in^ieved  that  this  <*ondition  ]>recedes  and  causes  the  state 
of  sleep,  while  others  take  the  opposite  view  that  it  follows  and 
is  merely  one  result  of  sleep.  On  the  basis  of  the  plethysmographic 
exi)rriments  mentioned  above  the  author*  has  projw^sed  a  theory 
of  sleep  in  which  the  diminished  flow  of  blood  to  the  brain  is  ex- 
plained and  is  assumed  to  be  the  chief  factor  in  bringing  on  sleep. 
The  theopt'  assumes  that  the  periodicity  of  sleep  is  dependent 
mainly  uix)n  a  rhythmical  loss  of  tone  in  the  vasomotor  center  in 
the  medulla  in  conse<|uence  of  fatigue  frr)m  ccmtimied  activity 
during  the  waking  hours.  That  is,  the  vasomotor  center  is  in 
constant  action  during  this  period;  the  continued  flow  of  sensorv' 
stimuli  and  the  constant  activity  of  the  brain  art  reflexly  on  this 
center  and  through  it  cause  a  constriction  of  the  blooil-vessels  of 
the  body,  |mrticvdarly  of  the  skin,  by  means  of  whirh  the  blood- 
flow  through  the  brain  is  maintained  with  an  ade<|uate  velocity. 
In  consequence  of  this  varjing  but  constant  activity  the  center 
undergoes  fatigue;  stronger  and  stronger  stimidntion  is  necessary* 
to  maintain  its  normal  tone,  and  eventually  its  effect  on  the  blood- 
pressure  lx?comes  insufficient  (to  maintani  an  adequate  flow  through 
•Howell.  "Joiinml  of  Experimental  Medicine,"  2,  313,  1897. 
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the  bnin  and  unconsciousness  or  sleep  results,  even  against  one's 
deoireft,  as  is  shown  by  the  cxix?rienr;c  of  those  who  have  attrniptc(i 
to  keep  awake  much  beyond  the  habitual  period.  Urdinarily, 
hoivever,  this  fatigue  of  the  vasomotor  center  and  its  resulting 
tcodency  to  a  cessation  of  activity  is  favored  by  our  voluntary 
witbdruwnl  of  stimulation.  Our  preparations  for  .slecf),  closure  of 
eyes,  darkeneil  and  if  possible  quiet  room,  cessation  from  disturbing 
thoughts,  result  in  u  diminution  of  the  sensory  and  luental  stimuli 
xhMt  nomially  play  upon  the  vasomotor  center.  The  cessation 
of  such  stimuli  may,  indecti,  at  any  lime  \)o  all  that  is  necessary 
to  bring  alwut  a  partial  loss  of  activity  in  this  center,  a  les- 
,  flow  of  biood  through  tlie  brain,  and  a  (leriod  of  sleep  which, 
is  usually  short.  If,  however,  the  \-asoniotor  center  has 
be«n  previously  fatigued,  as  may  be  stipposed  to  lie  the  case  at  the 
eod  of  the  day,  the  withdrawal  of  these  stimuh  jierniits  it  to  fall 
into  a  more  complete  state  of  inactivity,  and  the  diminution  of 
blood-flow  to  the  brain  and  the  state  of  unconsciousness  is  longer 
Iftsting:. — last^i  indeed,  according  to  the  curves  of  which  an  example 
is  given  in  Fig.  1()9,  until  the  gradual  resumption  of  acti\  ity  in  the 
vmsomotor  center  brings  alx»ut  a  roust rictiim  of  the  hifM)d- vessels 
of  the  body  and  thus  drives  enough  blood  llirough  the  brain  to 
cMiae  spontaneous  awakening.  A  third  factor  which  must  aid  in 
the  production  of  unconsciousness  as  a  result  of  the  lessened  flow 
of  bIoo<i,  and  in  the  return  of  consciousness  in  connection  with 
the  increased  flow  of  blocxl.  is  the  greater  or  less  fatigue  of  the 
cortical  cells  themselves  after  a  day's  activity,  and  their  greater 
irritability  after  a  night's  rest.  Many  factors,  therefore,  co-oper- 
ate in  the  development  of  the  normal  state  of  sleep  lasting  for 
six  to  eight  hours  oiit  of  twenty-four,  but  the  central  factor  which 
explains  its  rapid  onset,  involving  nearl\'  simultaneously  all  the 
eonsrious  areas  of  the  brain^  whether  previuusly  fatigued  or  not, 
and  the  et^ually  sudden  restoration  to  constiousness  of  the  entire 
cortex,  is  to  Ix?  found  in  the  amount  of  bl<>od-flo\v  to  the  brain. 
Under  normal  conditions  this  is  the  factor  that  .stands  in  most 
immediate  relation  to  that  appearance  and  disai^pearance  of  full 
rocisciousne^  which  mark  for  us  the  limits  of  sleep.  A  similar 
view  is  advocated  by  Hill  *  who  Ijelieves,  however,  that  the  regu- 
lation of  the  blood-flow  through  the  brain  is  efTect(:*il  through  the 
vaaomotor  control  of  the  splanchnic  area,  whereas  the  author's 
WW  \a  that  the  regulation  is  effected  mainly  through  variations 
in  the  cutaneous  circulation, — that  is,  for  the  normal  occurrence 
of  sJocp.  The  dmwsiness  that  follows  a  heavy  meal  is  probably  ilue 
mainly  to  the  mechanical  effect  of  a  dilatation  of  the  blood-vessels  of 

•  HilL  '*The  Physiology  and  Pathology  of  llie  Cerebral  Circulation."  Lon- 
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the  viscera  and  the  consequent  diminution  in  the  blood-fiow  through 
the  brain ;  but  the  sleep  that  occurs  at  the  end  of  the  day  is  un- 
doubtedly connected  ^vith  a  dilatation  of  the  blood-vessels  of  the 
skin  of  the  trunk  and  extremities.  What  the  condition  in  the  vis- 
ceral organs  may  be  at  such  times  we  have  at  present  no  means 
of  knowing. 

Hypnotic  Sleep. — The  sleep  that  can  be  produced  by  so-called 
suggestion,  the  sleep  of  hypnotism,  has  been  studied  by  means 
of  the  plethysmographic  method.*  The  result,  so  far  as  the 
volume  of  the  arm  and  hand  is  concerned,  shows  that  in  this  con- 
dition, unlike  normal  sleep,  there  is  a  marked  diminution  in  volume, 
and,  therefore,  we  miay  believe,  an  increased  constriction  of  the 
blood-vessels  of  the  skin.  This  observation  accords  with  the 
blanched  appearance  of  the  skin  of  the  extremities,  and  with  the 
statement  that  in  deep  hypnotic  sleep  the  skin  does  not  bleed 
readily  when  pricked  with  a  needle.  In  view  of  our  limited  knowl- 
edge, however,  it  would  be  hazardous  to  base  any  comparison 
between  normal  and  hypnotic  sleep  upon  this  single  fact. 

*  Walden,  "American  Journal  of  Physiology,"  4,  124.  1900-1901. 
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CHAPTER  XIV. 

CLASSIFICATION  OF  THE  SENSES  AND  GENERAL 
STATEMENTS. 

Under  the  grneral  term  sense  oi^an  we  may  inrliule  not  only 
Lthc  peripheral  oixan  on  which  the  stimulus  acts,  but  also  the  sensory- 
re  through  which  the  impulses  arc  conveyed  to  the  center  and 
{the  cortical  center  through  which  the  reaction  in  consciousness 
is  roe<iiate<i . 

Classification  of  the   Senses.— In  general,   we  attempt  to 
dL*ttinguLsh  the  action  of  the  sense  organs  by  the  difTerences  in 
their  end  reaction  in  consciousness.     Each  sense  organ  gives  a 
[  different  kind  of  response,  the  nature  and  distinctive  features  of 
[which  are  recognized  subjectively.    The  conscious  sensations  are 
[flAid  to  differ  in  quality  or  modality.    The  qualitative  difference  in 
caaes  is  ven^  distinct, — the  difTeronce  between  sensations  of 
Fsound  and  of  vision,  for  instance, — and  on  this  subjective  difference 
\we  base  our  efforts  to  give  specific  names  to  the  sense  organs  con- 
cerned.    Tliis  means  of  classification  is  not,  however,  applicable 
in  all  cases,     \\liile  many  of  our  sensations  are  so  distinct  in  quality 
Ihat  we  can  recognize  them  and  name  them  without  difficulty, 
others  are  of  a  more  oljscure  character.     In  addition  to  our  sensa- 
tions of  vision,  hearing,  smell,  taste,  pressure,  tempeniture,  and 
pfttn.  there  are  doubtless  many  other  sensations  whose  conscious 
iTeaetion  is  less  distinct  in  quality  and  for  which  our  subjective 
of  recognition  and  cla&«dfi cation  are  less  8atisfactor\-  or 
rcntirely  inadequat<\    Such,  for  instance,  are  the  sensations  from 
the  muscles,  from  the  semicircular  canals  and  the  vestibular  sacs 
^of  the  ear.  and  from  many  of  the  visceral  organs.     For  the  reeogni- 
and  classification  of  these  senses  and  sense  organs  it  is  neces- 
■  tn  fall  back  upon  the  methods  of  anatx^mical  and  physiological 
Bl>*sts.  methods  which  in  many  respects  are  uncertain.    So  also 
I'Vrithin  the  limits  of  any  sensation  of  a  given  quality  or  modality, 
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we  distinguish  certain  subqualitiea.  In  vision  vre  have  many  dif- 
ferent (lualitics  which  we  designate  by  special  names,— t  lie  series 
of  different  colors,  for  example.  In  sound  sensations  we  distinguish 
different  tones  and  different  qualities  of  tones.  But  here,  again, 
the  subjective  mark  is  often  so  indistinct  in  consciousness 
that  it  cannot  be  used  satisfactorily  for  purposes  of  classifica- 
tion. In  the  odor  sensations  we  distinguish  many  different  quali- 
ties, each  recognizable  at  the  time  that  it  is  experienced,  but  their 
characteristics  are  so  fugitive  that  heretofore  it  has  not  been 
poasiiile  to  name  them  or  group  them  in  any  satisfactory'  way. 
In  studying  llie  (|ualitieH  of  tlie  various  jienwalions  so  far  as 
they  are  recogniznhlp  the  effort  of  physiology  has  been  to  connect 
them  with  some  tlefinite  anutouucal  or  i>hysiological  pecidiarity  in 
thesense  organs  concerned.  The  final  explanation  of  the  differences 
in  quality  involves  a  study  of  the  nature  and  pmperties  of  con- 
sciousness itself, — a  subject  whicli  as  yet  has  not  lx*en  undertaken 
by  ph\'siology.  At  present  we  accept  the  fact  of  consciousness 
and  the  fact  that  there  are  difFerent  kinds  or  qualities  of  conscious- 
ness, and  our  investigations  are  directe<l  only  toward  ascertaining 
the  anatomical.  |>hysiiah  and  chemical  jjroperties  of  the  organs  in- 
volved in  the  production  of  these  subjective  changes. 

Ill  former  times  it  was  customarA*  to  divide  the  sensations  into 
two  different  groups, — the  special  and  the  common  senses, — the 
former  including  the  so-called  five  senses  of  man, — namely,  sight, 
hearing,  touch,  taste,  and  smell. — while  imder  the  latter  were 
grouped  all  other  sensations  of  less  distinctive  qualities.  In  physi- 
ology tlie  belief  that  man  has  only  five  special  senses  has,  however, 
long  been  abandoneiK  The  sense  of  touch  as  ordinarily  understood 
has  been  shown  to  consist  of  two  or  rather  three  distinct  senses: 
pressure,  heat  and  coltl,  and  the  sense  of  pain  exhibited  by  the 
skin  is  in  all  essential  res|)eets  as  special  and  characteristic  as  those 
just  named.  There  Is,  however,  no  certain  standard  as  to  what 
shall  constitute  a  special  in  contradistinction  to  a  common  sense; 
so  that  a  classilication  based  on  this  nomenclature  is  unsatis- 
factor}'.  In  one  respect,  however,  our  senses  show  a  difference 
which  may  be  used  as  a  basis  for  dividing  them  into  two  general 
groups.  This  difference  lies  in  the  manner  of  projection.  We  may 
assume  that  all  of  our  sensations  are  aroused  directly  in  tlie  brain. 
In  that  organ  take  place  the  final  changes  which  react  in  con- 
sciousness. But  in  no  case  are  we  conscious  that  this  is  the  case. 
On  the  contrar}*,  we  project  our  sensations  either  to  the  exterior 
of  the  body  or  to  some  peripheral  organ  in  the  body,  the 
effort  being  apparently  to  project  it  to  the  f)lace  where  experi- 
ence has  taught  us  that  the  acting  stimulus  arises.  We  may 
dlN-ide  the  senses,  therefore,  into  two  great  groups:  (1)  The  external 
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or  rather  the  exterior  senses,  or  those  in  which  the  sensations  are 
pr<>j<?cted  to  the  exterior  of  the  botly,  and  \vhi<'h  fc^rni.  therefore 
tbc  means  through  which  we  l>ecome  actjiiaintiHi  witfi  the  outside 
world.  The  exterior  senses  inchide  sight,  hearing,  taste,  smell, 
preaBUTe»  and  temperature  (heat  and  cold).  (2)  The  internal  or 
interior  senses,  or  those  in  which  th«'  sensations  are  prujicted  to 
the  interior  of  the  body.  It  is  through  tliern^  .senses  that  we  atutuire 
A  knowledge  of  the  condition  of  our  boily  and  perhaps  also  a  knowl- 
edge of  ouraelves  as  an  existence  or  organism  ilistinct  from  the  ex- 
tanint  world.  Among  the  interior  senses  we  must  inchide  pain, 
TI'W**  eense,  the  sensations  fnim  the  seinirircuhir  canals  ami  ves- 
tibale  of  the  internal  ejir.  hunger,  tliin^t.  sexual  sense,  fatigue,  and 
in  addition  perhaps  other  less  definite  scnsatiima  from  the  visceral 
oixans.  This  line  of  demarcation,  although  it  holds  so  well  in 
most  eases,  is  not  absolutely  distinctive.  The  temix*rature  sense, 
for  instance,  Is.  so  to  sjxjak.  on  the  border  line  lietween  the  two 
gnwpe;  we  may  pmject  this  sensation  either  to  the  exterior  or 
to  the  interior  according  to  circumstances.  When  the  temperature 
nervea  are  excited  simultane<iusly  with  the  pressure  nerves,  we 
project  the  sensiition  to  the  exterior,  to  the  stitnulatinfr  body.  If 
the  skin  is  touched  by  a  hot  or  cold  solid  object  we  s|)eak  of  the 
object  as  being  hot  or  cold.  If,  however,  the  same  nen^es  are 
ftimutated  by  warm  gases  or  even  liquids  under  conditions  that 
do  not  involve  the  pressure  sense  we  refer  the  change  to  ourselves,-- 
ire  are  hot  or  cold,  as  the  ca.se  may  be.  So  also  when  the  skin  is 
heat«d  by  the  blood  the  resulting  sensation  is  projected  to  the 
fltdn.  It  would  seem  that  the  habit  of  projection  is  acquired  by 
experience,  and  that  those  senses  whoM^  f»rgans  are  habitually 
affected  by  objects  from  without  we  learn  to  project  to  the  object 
^^nng  rise  to  the  stimulus. 

The  Doctrine  of  Specific  Nerve  Energies. — The  term  specific 
nerve  energy-  we  owe  to  Johannes  Midler  (1S()1-18.58).  The  tenn 
is  in  some  respects  unfortunate,  as  at  present  in  the  physical  sci- 
ences the  word  energy  is  u.se<l  to  designate  certain  specific  properties 
of  matter.  The  phrase  specific  nerve  energy-  in  phvsiology,  however, 
la  intended  to  designate  the  fact  that  each  sen.sor>-  unit  arouses  or 
nedifttes  its  own  specific  quality  of  sensation,  the  sptvific  energy  of 
the  Optic  apparatus  l)eing^isual  sensations, of  theauditor>'  apparatus 
•Qfttnd  sensations,  etc.,  and  each  sensor>'  ner^e  or  apparatus  can 
give  no  other  than  its  own  quality  of  sensation.  \Miether  this 
spraficity  in  the  reaction  of  each  sensor>'  nerve  is  due  to  some  pecu- 
liarity in  the  nerve  itj^lf  or  to  a  i^eculiarity  of  the  part  of  the  hruin 
in  which  it  terminates  Muller  left  an  open  question,  although  he 
called  attention  to  the  fact  that  the  central  ending  is  capable  of 
gi^dng  its  specific  effect  in  consciousness  independently  of  the  con- 
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ducting  nerve  fibers.  With  regard  to  this  latter  question  the 
opinions  of  physiologists  still  <liffcr.  Most  physiologists,  perhaps, 
adopt  the  view  that  the  specific  reaction  in  consciousness  is  due  to 
the  central  ending, — that,  in  other  words,  the  different  sensor>' 
parts  of  the  cortex  give  different  kinds  or  qualities  of  consciousness, 
while  the  sensory  nerve  fibers  are  simply  conductors  of  nene  im- 
pulses, which,  however  much  they  may  differ  in  intensity,  are 
qualitatively  the  same  in  all  nerve  fibers.  According  to  this  \-iew. 
it  would  result,  as  du  Bois-Reymond  expressed  it,  that,  if  the 
auditory  nerve  fibers  were  attached  to  the  visual  center  and  the 
optic  filers  to  the  auditory  center,  we  would  see  the  thunder  and 
hear  the  lightning.  Each  typical  sense-organ  from  this  standpoint 
consists  of  three  essential  parts:  the  central  ending,  which  deter- 
mines the  quality  of  the  sensation;  the  peripheral  end-organ, 
retina,  cochlea,  etc.,  whirh  determines  whether  or  not  any  given 
form  of  stimuhis  shall  lie  effective  and  which  in  most  cases  is  rtm- 
stnicted  so  as  to  be  responsive  to  a  special  form  of  stimulus  desig- 
nat*xl  as  its  adequate  stimuhis;  and  of  connecting  neurons  whose 
only  function  is  to  conduct  the  nerve  impulses  originating  in  the 
end-^^>rgan.  The  fact,  therefore,  that  the  light  waves  can  stimulate 
the  rods  ant!  rones  of  the  retina,  but  are  an  inadequate  stimulus 
probably  to  the  hair  cells  of  the  cochlea  or  the  taste  buds  of  the 
tongue,  is  due  to  a  peculiarity  in  structure  of  the  rods  and  cones; 
but  the  fact  that  the  impulses  contlucted  by  the  optic  fibers  arouse 
a  peculiar  modality  of  s<^nsat!on  is  not  due  to  any  peculiarity  in 
structure  in  these  fibers  or  in  the  ro<ls  and  cones,  but  to  a  charac- 
teristic structure  of  the  optic  centers.  The  positive  experimental 
evidence  for  the  correctness  of  this  view  is  not  conclusive,  but,  on 
the  whole,  is  impressive.     Such  facts  as  the  following  may  be  noted: 

1.  AMien  sensor}-  nerve  fibers  are  stimulate<l  otherwise  than 
through  their  end-organs  each  reacts,  if  it  reacts  at  all,  according 
to  its  sfiecific  energy', — that  is,  it  produces  its  own  quality  of  sensa- 
tion. When  the  optic  ner\*e  is  cut.  for  instance,  the  mechanical 
stimulus  causes  a  flash  of  light;  when  the  chorda  tvnipani  is  stimu- 
lated in  the  t>Tnpanic  cavity  by  mechanical,  electrical,  or  chemical 
stimuli  sensations  of  taste  are  aroused. 

2.  Mechanical  pressure  upon  the  peripheral  nerves  distributed  to 
the  skin  may  cause  a  loss  of  some  of  the  cutaneous  senses  in  certain 
areas  of  the  skin  with  a  retention  of  others.  Thus  the  senses  of 
pressure  and  temperature  may  be  lost  and  that  of  pain  retained, 
or  pain  may  be  lost  and  preasure  retained.  Such  facts  agree  with 
the  view  that  each  sense  has  its  own  .set  of  ncr\'e  fibers ;  those  that 
me<liate  pain  can  not  by  a  mere  modification  of  the  stimuhis  give 
also  a  sense  of  pressure. 

3.  The  only  objective  manifestation  of  a  nerve  impulse  that  we 


I 


CL.\S9irrrATiox  or  the  senses. 


I 
I 


^^^Body  in  the  nvrve^  itself  is  the  electrical  change  that  accom- 

^BHI  it  or  that  perhaps  constitutes  its  essence.    This  electrical 

duuigcia  qualitatively  the  same  in  all  kinds  of  nerve  fiLK^rs.an<l  this 

fact  agrees  with  the  view  that  the  nerve  impulse  is  qualitatively  the 

Hme  in  all  Rbers. 

So  far  as  the  sensor>'  nerve  filjera  are  concerned,  the  chief  ob- 
jectioo  to  this  view  of  the  doctrine  of  sfx>cific  nerve  energies  is 
lound  perhafw  in  the  difficulty  or  iiniM>s.sii)ility  of  afjplyinf;  it  to 
the  explanation  of  color  vision.  According  to  the  strict  interpreta- 
tioci  of  the  \new,  each  fundamental  color  sense,  being  distinct  in 
quality,  should  be  me<liated  by  its  own  set  of  ner\  e  fibers.  WTien 
Hehnholtz  first  formulated  his  theory  of  color  vision  be  spoke, 
therefore,  of  three  kinds  of  ncn'e  fibers, — the  red.  the  green,  and 
the  violet, — each  when  stimulate<l  alone  giving  its  own  specific 
•roaattoa  and  not  capable  of  giving  any  other.  The  facts  accurau- 
latcd  regarding  color  vision,  however,  seem  to  sho\\'  that  this  view 
mill  not  hold.  One  and  the  same  cone,  with  its  connceting  filier. 
may  give  rise  to  any  or  all  of  the  primary  cok»r  s<'nsiUi<ms,  and, 
onleaB  we  chcx>8e  to  further  subdivide  the  nerve  unit  and  assume 
that  the  separate  nerve  fibrils  of  which  the  axis  rylinder  is  composed 
constitute  the  separate  conductors  for  the  primary'  sense  qualities, 
it  would  seem  t^>  l)e  imfxissible  to  apply  tlie  doctrine  of  specific 
enef^gtes  to  this  case.  Not  too  much  weight  slimild  Ik?  given  per- 
haps to  this  objection.  For  it  must  be  rememlx?red  that  all  of  our 
preaent  theories  of  color  \'ision  are  unsiitisfactorv".  and  possibly 
when  we  attain  to  the  right  jKiint  of  view  the  fact.s  may  not  be 
ao  ilifficult  to  interpret  in  tenns  of  this  thef»rv  of  sjiecific  energies. 

The  alternative  view  proposed  in  place  of  the  doctrine  of 
specific  ner^'e  energies  assimies  that  the  nerve  impulses  may 
ran'  in  quality  as  well  as  in  intensity,  and  that  therefore  one  and 
the  aanie  ner\'c  filx»r  may  arouse  difTercnt  qualities  of  sensation,  and 
have  different  end  effects  acconiing  to  the  character  of  the  impulse 
conveyed.  This  point  of  view  U  not  capable  of  much  discussion, 
linoe  there  are  no  positive  facts  that  support  it.  It  is  logically 
oaiiafactory  in  metjtine  the  cases  in  which  the  former  view  seems 
to  be  unaatisfactor>'.  It  is  difficult,  however,  in  our  ignorance  of 
the  nature  of  the  nerve  impulse  to  imagine  in  what  respects  it  may 
poasihly  differ  in  character. 

The  Weber-Fechner  (Psychophysical)  Law. — One  difficulty 
thai  has  been  encountered  in  the  physiological  study  of  sensory 
nerves  b  that  the  end  reaction  cannot  be  mca5iu*e<l  with  exactness. 
With  efferent  nerves  the  end  reaction  is  a  contraction  or  secretion 
thai  can  be  cstimate<l  quantitatively  in  tenns  of  our  physical  and 
cheoxieal  units  of  measurement.  Hut  tlu*  end  reaction  of  a  sensor)' 
is  a  stats  of  consciousness  for  which  we  have  no  standard  of 


^^H        mcasiirrmont.     "Weber,    in    studyinp    the    relation    between    the 
^^H        strength  of  the  stirnidus  and  the  amount  of  the  resulting  sensation, 
^^^H        availed  liiniself  of  the  method  of  the  least  detectible  change  in  sen- 
^^H        satioii ;  that  is,  he  determined  the  inerease  in  stimuhis  at  different 
^^H        levels  necessary  to  cause  a  just  perceptible  increase  in  the  sensation, 
^^H        By  means  of  tliis  method  he  arrived  at  the  sigmificant  result  that 
^^^1        the  increase  in  stimulus  necvssary  to  cause  this  change  is.  within 
^^^H        pliysiological  Umits,  a  definite  fractional  increment  of  the  acting 
^^H        stimidus.      If.    for    instance,    with    a   weight    of    30    gms.    upon 
^^H        the  finger  it  recpiires  an  increment  of  -^^ — that  is,  one  additional 
^^H        gram— to  make  a  just  perceptible  difference  in  the  pressure  sensa- 
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;  then,  Mith  a  weight  of 
nother  gram  wouM  not  h^ 
pment  of  tj^— that  is,  2  g 
Qce  in  sensation.     This  re 
le  its  exactness  has  often  1 
iitte<l  that  for  a  median  n 
approximate  relation   be 
iner  attempted  to  give  t 
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ensation  represent  actual 
ing  this  assumptirjn.  we 
lulus  and  sensation  as  del 
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Veber-Ftschner  law  of  a  lugarithmtcal  reiat 
W'allKT.')     The  excitation**  are  indicated  ali 

tefl.  The  increase  in  Men^at  ifm  is  rcpreaente<J 
IMTrcejftihlc   difference,"   while  the  corresi*' 

lent  of  \  Bt  each  Mep.  natnely  1.  1.33.  1.7' 

ensation  increasing  incremenla  of  stituuUti 

60  gms.  upon  the  finger  the  adc 
perceived :  it  would  re<iuire  aga 
ms. — to  make  a  just  perceptible 
'lationship  is  kno\\*n  as  Weber's 
wen  disputtKl.  it  seems  to  Ix?  gene 
ange  of  stimulation  the  law  expr 
:\\een  the  two  variables  consid 
lis  law  a  more  quantitative  ant 
ling  that  just  perceptible  differ 
ly  equal  amounts  of  sensation, 
can  express  the  relationship  bet 
Lermined  by  Weljer*s  experimen 
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ea>nn^  that  for  the  sensation  to  increase  by  equal  amounts, — that  is, 
bv  arithn>etical  progression, — the  stinuiius  must  var>'  according 
to  ft  certain  factor,— that  is,  by  geometrical  progression.  The 
jtawtion  may  be  regarded  as  a  gt*ometricul  function  of  the 
s^ltmulus.  If  the  relation  between  stimulus  and  sensation  is  repre- 
lift!  as  a  cun'c  in  which  the  ordiuates  express  the  sensation  in- 
iog  by  e^iual  amounts,  and  the  abscissas  the  corresponding 
luli  increasing  at  each  inter\'al  by  i,  a  result  is  obtained  such  as 
w  represented  in  the  accompanying  figure  (Fig.  HI).  A  curve  of 
^tlns  kind  is  a  logarithmical  cun^e,  and  Fechner  expressctl  the  rela- 
ip  between  stimuhis  and  sensation  in  what  has  been  called  the 
psychophysical  law, — namely,  that  the  sensation  varies  as  the 
loj^arithm  of  the  stimulus.  From  the  physiological  standpoint  it  is 
important  to  bear  in  mind,  as  has  been  emphasized  by  Waller  ♦  that 
rvcnU  steps  inter\-ene  between  the  action  of  the  external  stimulus 
the  production  of  the  conscious  sensation.  The  external  stim- 
Jus  acts  first  on  the  end-organ,  this  in  turn  tij)on  the  seusorj'  nen'e 
producing  a  nen-e  impulse  which  finally  in  the  brain  gives  the 
^ous  reaction.  It  is  a  question,  therefore,  whether  the  logarith- 
il  relation  of  the  stimulus  holds  between  it  and  the  reaction  of  the 
irpan  or  between  the  internal  stimulus— that  is,  the  sensor\' 
impulse — and  the  psychical  n*action.  This  author  has  given 
facts  obtaincil  by  recording  the  action  current  in  the  optic 
?,  the  retina  t>eing  stimulate^l  by  known  intensities  of  light, 
Ml  indicate  that  the  relation  observed  is  Iwtween  the  external 
^■dmulus  and  the  internal  stimulus, — that  is,  the  sensory  nerve 
inipuke. 

♦Waller,  "Brain,'*  201,  1S95. 


CHAPTER  XV. 
CUTANEOUS  AND  INTERNAL  SENSAHONS. 


According  to  the  older  views,  the  sensoPr'  nerves  of  the  skin  give 
sensations  of  touch.  Modem  physiology  has  shovsn.  however,  that 
these  nervfH  mediate  at  least  four  dilTercnt  qualities  of  htensation, — 
namely^  pressure,  warmth^  cold,  and  pain.  Our  so-called  touch 
scnstttiona  are  usually  comjxjund,  consisting  of  a  pressure  and  a 
temperature  component  antl  also  verj-  frequently  an  element  of 
muscle  sense  when  muscular  efforts  are  invohed,  as,  for  instance,  in 
measuring  weights  or  resistances.  The  four  sensor>-  qualities  enu- 
merate<l  constitute  the  cutaneous  senses,  and  they  are  present,  or, 
to  speak  more  accurately^  the  nerves  thmugh  whirh  these  senses  ore 
mediated  are  present  not  ordy  over  the  general  cutaneous  surface, 
hut  also  in  Ihuse  membranes — such  as  the  nuicous  membrane  of 
the  mouth  and  the  rectum  (sktniodeum  and  prfjctodeuni)- — which 
embr\'ologically  are  formed  from  the  epihlaat.  The  surfaces  in  the 
interior  of  the  body,  on  the  contrary,- — such  as  the  membranes 
of  the  alimentary  canal,  muscles,  fascice,  etc., — have  only 
nerves  of  pain,  but  no  sense  of  touch  or  temperature.  Of  these 
cutaneous  senses,  three — pressure,  wannth,  and  cold — may  be 
grouped  with  the  exterior  senses,  the  sensations  being  projected  to 
the  exterior  of  the  body,  into  the  substance  causing  the  sensation. 
Although,  as  was  mentioned  nlxive,  the  temperature  sensations 
under  conditions — fever,  vascular  dilatation,  etc. — may  be  projected 
t<^^>  parts  of  the  skin  itself  and  be  felt  as  changes  in  ourselves.  The 
temperature  sensations  are.  in  fact,  projected  to  the  exterior 
whenever  they  an3  combined  ^vith  pressure  sensations,  the  latter 
serving,  as  it  were,  as  the  dominant  sense.  The  pain  sense,  on  the 
other  hand,  lK?long3  to  the  group  of  interior  senses,  the  sensations 
being  always  projected  into  our  own  body  and  l>eing  felt  as  changes 
in  ourselves. 

The  Punctifonn  Distribution  of  the  Cutaneous  Senses. — 
A  most  interesting  fact  in  regard  to  the  cutaneous  senses  is  that 
they  are  not  distributed  imiformly  over  the  whole  skin,  but  are 
present  in  discrete  points  or  spots.  Tliis  fact  was  first  clearly 
established  by   Blix.*  although  it  was  discovered  independently 

♦  Blix.  "Zeit«chrift  f.  Biologie."  20.  141.  1S84;    Donaldson.  "Mind."  39( 
1,  1886.     See  also  GoldscUeider,  "Arcliiv  f.  Physiologie,"  1885.  suppl.  volume. ' 
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by  Cfoldscheider  and  in  this  country  by  Donaldson.  These  ob- 
lenrera  paid  attention  chiefly  to  the  warm  and  cold  spots.  The 
fixistanee  of  these  spots  may  be  demonstrated  easily  by  anyone 
upon  himself  by  moving  a  metallic  point  gently  over  the  skin. 
If  the  point  has  a  temperature  below  that  of  the  skin  it  will  be 
notiwd  that  at  certain  spots  it  arouses  simply  a  feeling  of  contact 
or  prasmire,  while  at  other  spots  it  gives  a  distinct  sensation  of 
eoldneflB.  If,  on  the  other  hand,  the  point  is  warmer  than  the 
Bidn  it  will  at  certain  spots  give  a  sensation  of  warmth.    On  mark- 


•  »*•     •  '••• 


n^.  112. — Rapreaen  till  ion  of  the  dbtribution  of  cold  and  warm  spotjs  on  the  volftr 
'Cww  al  ionmrm  to  m  s|iaoD  'i  cni».  by  4  cius.  Tbo  rvd  dotii  repr«iirnt  tti«  cold  ipoia  as 
lad  at  a  taroparmtara  of  lO'  C  The  bUck.  dots  nprsaent  the  warm  spola  ax  tented  at  a 
apaniitra  of  41-  to  4S*  C. 


jBg  the  cold  and  warm  spots  thus  obtaine<l  it  is  found  that  they 
occupy  diflferent  positions  on  the  skin.  Elaborate  charts  have 
been  made  of  the  warm  and  cold  spots  on  dilTerpnt  rej^ions 
of  the  skin,  the  apparatus  usiially  employed  being  a  metal 
tob«  through  which  water  of  any  desired  temperature  may  be 
cirrulftt«d.  The  temperature  of  the  skin,  whatever  it  may  be, 
fonnfl  the  xero  line;  any  object  of  a  higher  temperature  stimulates 
only  the  warm  spots,  while  one  nf  a  lower  temperature  acts  upon 
the  cold  spots.  The  pressure  sense  and  the  pain  senst»  are  also 
^fistributed  in  a  punctifomi  manner;  they  have  been  studied  most 
17 
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carefully  by  von  Frey.*    To  detennine  the  location  of  the  pr 
pointfi  he  used  fine  hairs  of  different  diameters  fastened  to  a  woodenl 
handle.     The  cross-areas  of  these  hairs  are  determined  by  measure- 1 
ments  under  the  microscope,  and  the  pressure  exerted  by  each  is 
measured  by  pressing  it  upon  the  scale  pan  of  a  balance.    The 
quotient  fif  the  pressure  exertei.!  divtdetl  by  the  cross-area  of  the 


hair  jn  square  millimeters, 


reduces  the  pressure  to  a  imiforra 


unit  of  area.  For  the  pain  points  fine  needles  may  l>e  employed 
or  stifT  hairs  .similar  to  ihose  useil  for  the  pressure  points.  From 
the  cxjjerimonts  nmde  there  seems  to  be  no  doubt  that  carh  of 
the  four  cutanijou.s  senses  has  its  own  s|K>ts  of  distribution  in  the 
skin,  those  for  pain  l>eing  most  numerous  nnd  those  for  warmth 
the  least  numerous.  There  is  some  reason  for  believing  also  that 
the  nerve  endings  mediating  the  pain  sense  lie  most  superficially 
in  the  skin  and  tlmse  for  the  wann  wcTi.se  the  deepest. 

Specific  JTerve  Energies  of  the  Cutaneous  Nerves. — Many 
attempts  have  l)ecn  made  to  determine  whether  the  doctrine  of 
specific:  nen'e  energies  applies  \o  these  ciitaneous  senses;  that  is, 
whether  each  sense  has  its  own  nerve  fil)ers  capable  of  giving  only  its 
own  (|iiality  of  8en^iatif>n.  The  evidence,  on  the  whole,  is  favorable 
to  this  view.  According  to  sonie  observers,  electrical  or  mechanical 
stimidation  of  the  different  points  calls  forth  for  each  its  character- 
istic nvicMon.  Donaldson  has  found  that  corain  applied  to  the 
eye  or  thn)at  destmys  the  senses  of  pain  and  jin^ssure.  but  leaver 
those  of  heat  ami  cold,  which  again  supports  t!ic  view  of  separate 
fibers  for  each  sense.  In  addition  there  are  a  number  of  interesting 
pathological  cases  which  jx'jint  in  the  same  direction.  In  some 
lesions  of  the  cord — syringomyelia,  for  instance — the  senses  in  the 
skin  of  the  i^arts  below  are  di.ssociated.— that  is.  there  may  be  loss 
of  pain  and  temperature  in  a  certain  area  with  a  retention  of  the 
pressure  sense. — a  fact  which  indicates  that  these  senses  have 
sej)arate  paths  and  therefore  separate  ner\'e  fibers.  Still  more 
interesting  cases  of  dissociation  are  reported  as  the  result  of  the 
compn^ssion  of  peripheral  nerve  tnmks.  Thus,  Barkerf  descrilxs 
his  own  case,  in  which,  as  the  result  of  the  pressure  of  a  cervical 
rib  upon  some  of  tlie  cords  of  the  brachial  plexus,  there  was  a  r^on 
in  the  arm  lacking  in  the  pressure  and  temperature  senses,  but  retain- 
ing the  sense  of  pain.  Ho  quotes  other  cases  in  which  the  rever 
dissociation  orr'urre<l,  pressure  si'n.se  alone  remaining.  The  simplest 
explanation  of  these  facta  is  the  view  that  each  pressure,  pain, 
warm,  and  cohl  spot  is  supplied  by  its  own  ner\'e  fiber,  and  that 
eaeh,  when  stimulated,  reacts,  if  it  reacts  at  all,  only  with  its  own 

♦  Von  Fpev,  "  Kftnigl.  Suchslschen  Gesellschaft  der  Wissenschaften.  Math.* 
phys.  Klaaso,'*  1S9-1-95-96. 

t  Barker,  "Journal  of  Experimental  Medicine,"  1,  348.  1806. 
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peculiar  quality  of  sensation.     According  to  this  view,  artificial 

L.jftimulation,   if  properly   controlled,  of  the  trunks  of  the  nerves 

imppiying  the  skin  should  he  capahle  of  bringing  out  these  difTerent 

qualities.     lixpcriments  made  with  this  point  in  view  have 

BOl,  however,  been  very  successful.     Mechanical  ur  electricul  vStimu- 

ladoci  of  the  ulnar  nerve,  for  instance,  gives  usually  only  pain  sensa- 

although   if    the  stimulus   is  feeble  contact   sensations  are 

*«RMl8ed.     The  method,  however,  Ls  pmbably  at  fault.     In  the  CAse 

of  amputate<l  fingers  or  limbs  a  more  decisive  result  is  obtained. 

As  is  i^-ell  known,  individuals  after  such  operations  may  for  many 

» jvars  have  sensations  of  their  lost  Engers  or  liiub.s.     fn  such  cases 

'  the  preasure  in  the  stump  of  the  wound  acting  ujxjn  the  central 

'-«XMis  of  the  sensor}"  fibers  arouses  sensations  which  are  projected 

in  the  usual  way,  and  give  the  feeling  that  would  be  experienced 

if  the  lost  parts  were  still  there  and  were  stimulated  in  the  normal 

nuaner. 

The    Temperature    Senses. — The    main    facts    regarding    the 
f<liatribution  of  heat  and  cold  s]x>ts  have  been  determined.     In  gen- 
|erftl,  the  aild  spots  are  more  numerous  than  the  warm  spots,  and 
iteart  more  promptly  to  their  adequate  stimulus.     The  cold  spots 
[■or  the  cold  sense  may  be  present  in  places  devoid  of  the  sense  of 
!  wurrath;    thus,  it  is  said  that  the  glans  penis  possesses  only  the 
I  cold  sense.     The  threshold  stimulus  varies  also  in  tlifferent  parts 
fcf  the  skin,  the  tip  of  the  tongue  requiring  the  smallest  stimulus 
]  to  mrouse  a  sensation,  and  the  eyelids,  forehead,  cheeks,  lips,  limbs, 
[and  trunk  following  in  the  order  named.     According  to  <  loldscheider, 
'  the  spots  on  moot  portions  of  the  skin  form  chains  that  have  a  some- 
'  "wfaAt  radiate  arrangement  with  reference  to  the  hair  follicles.     The 
I  temperature  points  possess  each  its  adequate  stimulus,  that  for  the 
Vcold  spot  being  tem[)eratures  lower  than  the  skin  or  of  the  terminal 
'  origan  of  the  cold  nerves,  that  for  the  heat  spots  temperatures  higher 
than  iheir  own.     Apparently,  therefore,  one  end-<jrgan  is  excite*! 
by  a  diirunution  in  the  atomic  movements  of  its  organ,  and  the 
^  other  by  an  increase.     Nothing  is  known,  however,  <»f  the  exact 
xuiturc  of  the  stimulating  process.     From  the  standpoint  of  specific 
nerve  energies  it  is  most  interesting  to  find  that  these  points,  particu- 
larly the  cold  spots,  may  be  stimulated  by  other  than  their  ade<iuate 
L^imuli.     Mechanical  and  electrical  stimidation  has  in  the  hands  of 
'«evefal  obser\'ers  been  efficient  in  causing  a  sensation  of  cold  ujK)n 
a  cold  spot  and  of  heat  upon  a  warm  spot.    Some  chemical  stimuli 
are  also  effective.     Menthol  applied  to  the  skin  gives  a  cold  sensa- 
jtion,  while,  on  the  other  hand,  if  the  arm  Ix*  plungetl  into  a  jar  of 
<arbon-4lioxid  gas  a  distinct  warm  sensation  will  be  expericncc<l. 
I A  curious  effer't  of  this  kind  is  what  Ls  known  as  the  paradoxical  cold 
ction.     It  is  produced  by  applying  a  very  warm  object,  with  a 
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temperature  of  40°  to  60°  C,  to  a  cold  spot.  In  many  case-s  this 
spot  is  stimulated  and  a  <»oid  sensation  is  felt.  The  same  result 
may  be  felt  at  the  instant  of  entering  a  hot  bath.  Many  efforts 
have  been  jnade  to  determine  whether  there  is  a  specific  kind  of 
end-organ  for  each  of  these  senses.  Numerous  obsen'ere  have 
cut  out  the  skin  from  cold  or  hot  spots  and  examined  the  removed 
part  carefully  by  histological  methods.  The  general  result  has  been 
that  no  fiistinctjve  end-orp;ans  have  been  found.  \'on  Frey.  how- 
ever, believes  that,  although  the  heat  spots  are  supplied  simply 
by  a  terminal  end  plexus,  the  cold  sf)(>ls  in  some  places  at  least  have 
as  a  special  end-organ  the  cnd-bidbs  of  Krause.  This  conclusion  is 
based  uixm  the  fact  that  these  end-bull)^  art*  ftnmd  in  places,  such 
as  the  glans  penis  and  conjunctiva,  where  the  cold  sense  is  espe- 
cially pn)nunent  or  exclusively  present. 

The  Sense  of  Pressure. — The  pressure  points  are  smaller  and 
more  numemus  than  the  rold  or  warm  spots.  Von  Frey  has  showTi 
that  in  those  portions  of  the  body  that  arc  supplied  with  hairs 
the  pressure  points  lie  over  the  hair  follicles.  The  pressure  nerve 
fibers,  in  fact,  tenninate  in  a  ring  surrounding  the  hair  follicle, 
this  form  of  termination  s(»rvin^  as  an  end-organ.  On  account  of 
their  position  they  art:  stimulaleil  by  any  pressure  exerted  ujwn 
the  hair.  The  hair,  intleei:l,acts  like  a  lever  and  transmits  any  pres- 
sure applied  to  it  with  increased  intensity,  acting,  therefore,  as  re- 
gards the  pressure  organ  somewhat  like  the  ear-bones  in  the  case 
of  the  endings  of  the  auditon-  nen'e.  In  part:S  of  the  body  not 
furnished  with  hairs  the  tactile  or  Meissner  corpuscles  are  found 
and  these  structures  doubtless  function  as  pressure  end-organs. 
They  are  particularly  abundant  in  the  parts  of  the  hand  and  feet  in 
which  a  delicate  sense  of  pressure  is  present  in  spite  of  a  much  thick- 
ened epidemiis.  Tt  has  be<^n  estimated  that  for  the  entire  surface 
of  the  body,  excluding  the  head  region,  there  are  about  500.000 
of  these  pressure  points.  These  points  are  close  together  on  those 
parts,  such  as  the  tongue  and  fingers,  which  have  delicate  a  tactile 
sense  and  more  widely  scattered  \\  lieiv  the  sense  is  less  developed. 

The  Threshold  Stimulus  and  the  Localizing  Power.— The 
delicac\-  of  the  sense  of  fircssuro  may  be  measured  by  dctcnuining 
the  minimal  pressure  necessari'  to  arouse  a  sensation, — that  is, 
the  threshold  stimulus, — or  it  may  be  estimated  in  terms  of  the 
p<.>wer  of  discriminating  two  contiguous  stinndi.^that  is,  the  mini- 
mal distance  that  two  jxjints  must  be  apart  in  order  for  the  sensa- 
tions to  be  recognized  as  distinct.  The  two  methods  of  measure- 
ment do  not  coincide.  As  determined  by  the  threshold  stimulus, 
the  greatest  delicacy  is  exhibited  by  the  skin  of  the  face,  the  fore- 
head, and  temples.  According  Ui  the  older  mcthmis  of  measure- 
ment, the  forehead  will  perceive  a  pressure  of  2  mgs.,  while  the  skin 
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of  the  tip8  of  the  fingers  needs  a  pressure  of  from  5  to  15  mgs.  to 

a  perceptible  sensation.    The  back  of  the  hand  or  the  arm 

more  sensitive  from  this  standix)int  than  the  tips  of  the  fingers. 

Whai   measured   by  the  power  of  discriminating   two   points — 

^Ihal  is.  the  localizing  sense — the  tips  of  the  lingers  are  far  more 

itive  than  the  skin  of  the  face  or  of  the  arm.     This  latter  prop- 

ty.  in  fact,  stands  in  relation  to  the  closeness  of  the  pressure 

atfl  to  one  another.     The  localizing  sense  may  be  detemuned 

by  Wdjcr's  method  of  using  a  pair  of  compasses  with  blunt  points. 

.For  any  given  area  of  the  skin  the  power  of  discrimination  or  local- 

lisation  is  expressed  in  tenns  of  the  number  of  millimeters  between 

■  two  points  at  which  they  arc  just  distingui.^hetl  as  two  .separate 

itions  when  applied  simultaneously  to  the  skin.     Instruments 

for  this  purpose  are  designated  as  esthe^siometers.     They 

two  points  the  distance  of  which  apart  can  be  readily  adjusted 

read  off  on  a  scale.    The  most  ^iatisfacto^^■  form  of  esthetfiom- 

'is  that  devise^l  by  von  Frey.     The  two  points  in  this  case  are 

by  long,  rather  stiff  hairs  whose  pressure  can  be  made  quite 

Ifono.     According   to   the  older  measurements,   the   localizing 

!  of  different  parts  of  the  skin  varies  greatly,  as  is  shown  by  the 

smpanying  table: 


Tip  of  the  tongue 1.1 

Tip  of  finger,  palmar  surf.ice 2.3 

Heoon<i  phalanx  finger,  nalmar  surface 4.5 

First  phalanx  finger,  palmar  surface 5.6 

Third  phalanx  finger,  dorsal  surface 6.8 

Middle  of  palm. 8  to  9 

Second  phalanx  finger,  dorsid  surface 11^ 

Forehead 22.6 

Back  of  the  hand 31.6 

Forearm 40.6 

Sternum. . . . ,  .    .45 

AlonK  the  Bpine .54 

Middle  of  neck  or  back. 67.7 


mms. 


tips  of  the   tongue  and    the   fingers  are.  therefore,  the  most 

licate  surfaces,  and  that  the  tongne  surpasses  the  fingers  in  this 

ct  is  easily  vinthin  the  experience  of  everyone  who  will  recall 

!  with  which  small  objects  between  the  teeth  are  detected  by 

I  toogue  as  compared  with  the  fingers.     From  the  above  data  it 

evident  also  that  the  whole  skin  may  be  imagined  as  compased 

^df  ft  iDoeaic  of  areas  of  dilTerent  sizes,  the  senson-  circles  of  Wel>er, 

in  oftch  of  which  two  or  more  simultaneous  stimulations  of  the  pres- 

nerves  pve  only  one  pressure  sensation.    The  size  of  these 

,  particularly  where  they  are  large,  may  be  reduced  by  practice, 

is  shown  by  the  increased  tactile  sensibility  of  the  blind.     The 

^&ct  that  we  can  recopiize  two  simultaneous  pressure  stimuli  of  the 

ddn  fts  two  distinct  sensations  implies  that  the  two  sensations  have 
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some  recognizable  (liflference  in  consciousness.  This  diiTerence  is 
spoken  of  as  the  local  sign.  We  may  belie\'e  that  everj-  sensitive 
point  upon  the  skin  has  it^  own  distinctive  local  sign  or  quality, and 
that  by  experience  we  have  learned  to  pn>ject  each  local  sign  more 
or  less  accurately  to  itj<  proper  place  on  the  skin  surface.  Two  points 
on  this  surface  that  are  a  ^reat  distance  apart  are  easily  recognized 
as  diflerent ;  but  as  we  britit;  the  j)oints  clo.ser  together  the  difference 
becomes  less  marked  and  finally  di.sap{7ears  when  the  distance 
corresfxnids  to  the  area  of  the  sensory  circle  for  the  part  of  the  skin 
investigated,  for  instance,  1  mm.  for  the  toneue.  22  mms.  for  the 
forehead,  etc.  The  idtimate  limit  of  the  power  of  discrimination 
was  assumed  by  Weber  to  depend  upon  the  area  of  distribution  of 
a  single  nerve  fiber.  Assuming  that  each  ner\'e  fiber  at  its  termi- 
nation spreads  over  a  certain  skin  area,  it  was  suggest(*d  that  the 
size  of  this  area  forms  a  limit  to  the  power  of  diserimination. 
since  two  stimuli  within  it  would  affect  a  single  fiber  and  therefore 
would  give  a  single  sensation. 

This  view,  however,  has  not  been  suppfiscfl  to  aceoril  "with  the 
facts  even  when  the  additional  suppof^ition  was  matle  that  the  local 
signs  of  two  adjacent  fibers  may  not  be  distinct  enough  for  us  to 
recognize  them  as  separate  and  that  practically  there  must  be  a 
number  of  inten'ening  unstimulatetl  areas,  the  number  varying 
according  to  the  sensitiveness  of  the  area.  Von  Frey  has,  however, 
given  a  new  method  of  testing  the  localizing  sense  of  the  skin,  the 
results  of  which  seem  to  accord  with  this  anatomical  explanation. 
If  insteafl  of  applying  the  two  points  simultaneously  they  are 
applied  in  succession,  at  an  interval  of  one  second,  the  individual  can 
distinguish  the  difference  when  two  neighboring  pressure  points  are 
stimulatifi.  Each  [jressure  iM>iiit  in  tlie  skin,  therefore,  has  a  local 
sign,  which  enables  us  to  distinguish  it  from  all  fithers,  and  by  this 
method  the  ultimate  sensorv*  circles  on  the  skin  become  much 
smaller  than  when  measured  by  the  usual  method  of  Weber.  The 
center  of  each  is  a  pressure  point  and  the  area  is  determined  by  the 
distance  from  this  center  at  winch  an  isolated  stimulation  of  this 
point  can  be  obtained.  It  seems  probable,  moreover,  that  each  of 
these  pressure  [>oints  is  connect(*d  to  the  brain  by  a  separate  ner\'e 
path,  possibh"  a  single  fiber,  and  that  this  anatomical  arrangement 
determines  the  limitation  of  the  localizing  sense  for  different  regions 
of  the  skin. 

The  Pain  Sense. — Pain  is  probably  the  sense  that  is  most  widely  , 
distributed  in  the  body.  It  is  prc^scnt  throughout  the  skin,  and 
under  certain  conditions  may  be  aroused  by  stiuudation  of  sensorv' 
nerves  in  the  various  visceral  organs,  and  indeed  in  all  t>f  the  mem- 
branes of  the  body.  Our  knowledge  of  the  physiological  projjerttea. 
of  the  end-organs  and  nerves  mediating  this  sense  is  chicny  limited 
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to  the  skin,  and  for  cutaneous  pain  at  least  the  evidence,  as  stated 

ftbove,  is  ven*  strongly  in  favor  of  the  view  that  there  exists  a  special 

art  of  fibers  which  have  a  sf>ecifie  energy  for  pain.     All  recent  o\>- 

agree  that  the  pain  sense  has  a  punctifonn  distrihutiim  in 

'  skin,  the  pain  points  being  even  more  numerous  than  the  pres- 

pointe.     The  threshold  stimulus  of  these  points  in  various 

may  be  determined  by  von  Frey's  stimulating  hairs,  and 

iments  of  this  kind  show,  as  wc  should  ex|)ect.  that  it  varies 

Uly.     The  (X)mea,  for  instance,  gives  sensations  of  pain  with 

(maeh  weaker  stimuli  than  in  the  case  of  the  finger  tips.     In  general, 

ever,  the  threshold  stimulus  is  much  higiier  for  the  pain  than 

'f  tireiwure  [X)ints.     Hist^>logit^al  examination  of  the  |)nin  fximts 

■>  that  there  is  no  special  end-organ,  the  .stimulus  taking 

^efliTi  upon  the  free  endings  of  the  nerve  fibers.     Any  of  the  usual 

I  forms  of  artificial  nerve  stimuli  may  affect  these  endings  if  of  suf- 

Pficiexit  intensity,  and,  as  is  well  known,  stimuli  applied  to  sensor^' 

rncrvc  tnmks  affect  these  fibers  with  especial  ease.     A  temperature 

lof  50°  to  70°  C.  applied  to  an  afferejit  nen'e  will  cause  violent  pain 

fttions,  but  has  no  effect  upon  the  motor  nerve  fibers  in  the  same 

ak.     Mechanical  stimulation  gives  usually  only  pain  sensations, 

^•od  the  results  of  inflammatory  changes,  as  in  neuritis  or  neuralgia, 

are  equally  raark<Kl. 

lAKiiiiitition  or  Projection  of  Pain  Smsdtions. — I'nder  normal 

rouditions  cutaneous  pains  are  projected  with  accuracy  to  the  point 

iulat(-d,  and  it  is  |x*ssible  that  this  result  is  due  in  part  at  least 

[to  the  training  acquired  in  connection  with  concomitant  pressure 

3ulJ.  the  hitter  acting  as  a  gui<le  or  aiil  in  the  projcctioTj.     Thus 

^fafc  the  cases  referred  to  above,  in  which  a  jKjrt  ion  of  the  skin  hai^l  lost 

tho  •ense  of  pressure  and  temperature,  but  retainetl  that  of  pain,  it 

i  found  that  the  localization  was  very  iricotuplcte.     Pain  arising 

I  the  internal  organs,  on  the  contrary,  is  located  very  inaccurately. 

The  pain  from  a  severe  toothache,  for  example,  may  be  projected 

quite  diffusely  to  the  side  of  the  face.     A  very  interesting  fact  in 

[this  connection  Ls  that  such  pains  are  often  referred  to  points  on  the 

I  akin  and  nuxy  he  accompanied  by  skin  areas  of  tenderness.     Pains 

of  this  kind  that  are  misrcferred  to  the  surface  of  the  Ixnly  are  desig- 

oaUd  as  reflectetl  pains.     It  has  been  shown  by  Head*  and  others 

that  the  different  visceral  organs  have,  in  this  respect,  a  more  or  less 

jdefinite  relation  to  certain  areas  of  the  skin.    Pains  arising  from 

jattmuli  acting  upon  the  intestines  are  located  in  the  skin  of  the  back, 

r loins,  and  alxlomen  in  the  area  supplied  by  the  ninth,  tenth,  and 

clc%Tnlh  dorsal  spinal  nerves;  pains  from  irritations  in  the  stomach 

k>cated  in  the  skin  over  the  ensiform  cartilage:  those  from  the 

(heart  in  the  scapular  region,  and  so  on.     The  explanation  offered 

•  Head,  "Brain."  16. 1,  1893.  and  24, 545, 1901. 
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for  this  misreference  is  thAt  the  pain  is  referred  to  tbe  skin  region 
that  is  supplied  from  the  spinal  segment  from  which  the  organ  in 
question  receives  its  moBory  filjei^,  the  misrefennee  being  due  to  a 
diffusion  in  the  nene  centers.  As  Head  expraBCS  it,  "when  a 
painful  stimulus  is  applied  to  a  part  of  low  sensibility  in  ckne  central 
connection  \iith  a  part  of  much  greater  sensibility  the  pain  produced  i 
is  felt  in  the  part  of  higher  sensibility  rather  than  in  the  part  of  lower 
sensibility  to  which  the  stimulus  was  actually  applied.''  It  is 
interesting  that  affections  of  the  serous  cavities — e.g,,  the  peritoneum 
— do  not  cause  reflected  pains  or  cutaneous  tenderness  as  in  the 
case  of  the  viscera.  Another  notable  fact  in  this  connection  is  tbe 
occurrence  of  the  condition  knovvTi  as  allochiria.  \Mien  from  any 
cause  one  or  other  of  the  cutaneous  senses  is  depressed  in  a  given 
area  stimulation  in  this  rq^on  may  gi^'e  sensations  which  are  re- 
ferred to  the  s>-mmetrical  area  on  the  other  side  of  the  body,  or.  if 
thL*  also  is  involved,  it  may  be  referred  to  the  area  next  above  or 
belotv  in  the  spinal  order.  The  above  law,  according  to  which 
jection  is  made  to  the  area  of  higher  sensibility  mo&t  closely  con- 
nected with  the  area  of  low  sensibility,  seems  to  hold  in  this  case 
also. 

The  Muscle  Sense. — Tlie  existence  of  a  special  set  of  sensory 
nen*e  fibers  distributed  to  the  muscles  was  clearly  recognized  by 
some  of  the  older  physiologists.  Charles  Bell,*  for  example,  says: 
"Between  the  brain  and  the  muscles  there  is  a  circle  of  nerves;  one 
nenx  conveys  the  influence  from  the  brain  to  the  muscle;  another 
gives  the  sense  of  the  condition  of  the  muscle  to  the  brain."  The 
conclusive  proof  of  the  axistence  of  such  fibers,  however,  has  only 
been  furnished  within  recent  years.  It  has  been  demonstrated 
that  there  are  sj^ecial  sensory  endings  in  the  muscles,  the  so-called 
muscle  spindles,  and  in  the  attacheil  tendons,  the  tendon  spindles  j 
or  tendon  organs  of  Golgi.  The  muscle  spindles  are  found  most 
frequently  in  the  neighboriiood  of  the  tendons,  at  tendinous  inter- 
sections or  under  aponeuroses.  Sherringtont  has  shown  that  the 
ner\'e  fibers  in  them  do  not  degenerate  after  section  of  the  anterior 
roots  of  the  corresponcUng  spinal  nerves  and  are  therefore  derived 
from  the  posterior  roots.  In  the  muscles  of  the  limbs  he  estimates 
tliat  from  one-half  to  one-third  of  the  fibers  in  the  muscular  nerve 
branches  are  sensory,  and  that  most  of  these  sensor}^  fillers  end  in 
the  muscle  spindles.  On  the  physiological  and  clinical  side  facts  of 
various  kinds  have  accumulated  that  make  clear  the  existence  of 
thi.H  group  of  senson' fibers  and  emphasize  their  essential  importance 
in  the  co-ordination  of  our  muscular  movements.    It  has  been  shown 

•  Bell,  "The  Ner\'0Ufl  System  of  the  Human  Body,"  third  edition.  Lon- 
don, 1H44.  p  200. 

t  Shemnglon,  "Journal  of  Physiolog)*/'  17.  237, 1894. 
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.  stimulation  of  the  nerves  distributed  to  the  muscles  or  mcchani- 
'  oal  stimulation  of  the  muscles  themselves  causes  a  flepressor  effect 
upon  blood-pressure,  thus  demonstrating  the  presence  of  afferent 
fibers  in  the  muscles.    As  deecribt»d  in  the  section  uixin  the  central 
Df-rvous  system,  the  numer^nis  experiments  ujxin  the  etTect  of  section 
oi  tbc  posterior  and  lateral  coknnns  of  the  cord  and  observations 
IpOQ  the  results  of  pathological  lemons  of  the  posterior  columns 
(tabes  dorealifl)  give  results  which  are  interpreted  to  mean  that  fibers 
of  nmseular  sensibility  form  the  most  important  group  in  the 
posterior  columns  and  constitute,  as  \\eil,  pt*rhaps.  the  long,  ascend- 
ing fibers  in  the  tracts  of  l'"Iecli>ig  and  (lowers  in   the  lateral   col- 
It  is  believed,  therefore,  that  our  so-called  voluntary  muscles 
"an*  richly  supplied  with  afferent  fibers  and  that  the  impuls(»s  carried 
by  these  filx^rs  to  the  })rain  are  necessary  for  the  proper  contraction 
the  muscles  and  particularly  for  the  adequate  combination  of 
i  contractions  of  groups  of  muscles  in  the  co-ordinated  niovcinents 
of  e(|uilihrium.     Indeed,  section  of  the  posterior  roots  of  the  ypinal 
ner^'es  suppKing  a  given  region  is  followed  by  a  loss  of  t-ontrol 
of  the  muscles  in  this  region  hardly  less  complete  than  the  paralysis 
^produced  by  direct  section  of  the  anterior  root.s;   the  muscles  not 
ronly  lose  their  tonicity  in  couse(|uence  of  the  dropping  out  nf  the 
reflex  aensor>^  stimuli  from  the  skin  and  muscles  of  the  region^  but 
•  ihey  are  apparently  withdrawn  from  voluntary  control  in  spite  of 
maintenance  of  their  normal  motor  connections.     Within  the 
itral  ner\'ous  system  the  fibers  of  mu.scle  sr^nse  are  traced  into  the 
.  of  CloU  and  of  Biirdach  in  the  medulla  and  thence  partly  into 
Bbellum  and  partly  into  the  cerebrum  by  way  of  the  median 
Within  the  cerebrum  they  end  in  the  cortex  of  the  parietal 
in  the  region  of  the  posterior  central  convolution.    There  is 
on  to  believe  that  this  cortical  sense  area  of  the  muscle  sense  is 
cted  by  association  fibers  with  the  motor  areas  lying  anterior 
the  fissure  of  Rolando,  and  we  have  thus  a  reflex  arc, — or,  as 
PSell  expresseil  it,  a  circle  of  nerves  between  the  muscles  and  the 
ibnun.     It  is  probable  that  a  similar  arc  or  circle  is  fonncd  by  the 
[eonnections  through  the  cerebellum,  and  still  a  third  one  of  a  lower 
■  by  the  connections  in  the  spinal  cord.     In  the  higher  animals 
Itbe  impulses  received  in  the  cerebellum  through  the  fibers  of  muscle 
?,  in  connection  with  those  received  frtim  the  semicircular  canals 
vestibular  sacs  of  the  ear.  furnish  the  Bensor>*  basis  for  the 
ebellar  control   of   muscular   movements,    particularly   of   the 
ptic   combination   necessar\'    in    locomotion.     Through    the 
I  or  arc  in  the  cortex  of  the  cerebnim  it  may  be  supposed  that 
our  chamrteristic  voluntar>'  movements  are  effectetl,  and  it  may 
be  doubted  whether  a  so-callctl  voluntary-  contraction  can  be  made 
k.'When  this  circle  is  broken  on  the  sensorv  side.     Whether  or  not  this 
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latter  suggestion  is  true  it  seems  to  be  beyond  doubt  that  adequately 
controlled  voluntary  movements  depend  for  their  adaptation  upon 
the  inflow  of  scnsorv*  impulses  alonjj  the  fibers  of  muscle  sense. 
We  have  a  t'ertain  ronsciousness  of  the  condition  of  our  muscles  at 
all  times,  and  if  we  were  depriveti  of  this  knowlecJge  we  should  be 
unable  to  control  them  projierly.  perhaps  unable  to  use  them 
voluntarily. 

The  Quality  of  the  Muscle  Sense. — Our  eonscious  realization 
of  mupcular  sensibility  is  not  distinct-  Under  ordinary  conditions 
the  untniined  penson  Ls  unaware  of  the  prrsent-e  of  such  a  sense; 
but  phy^ifjjogical  analysis  enables  us  to  realize  its  existence.  What 
we  designate  as  the  feeling  of  resistance  and  of  weight  depends 
usually  partly  upon  the  pressure  sense,  but  lar;geiy  ujx)n  the  muscle 
sense.  In  estimating  the  difference  in  weight  between  two  bodies 
our  judgment  is  much  more  exact  if  the  botlies  are  lifted  by  muscular 
effort*  as  is  our  custom,  than  if  they  are  simply  allowed  to  press 
upon  the  skin;  and  in  all  cahnilations  of  resistance  to  effort  it  is 
the  amount  of  muscular  contraction  exerted  that  furnishes  us  with 
the  chief  sensorv^  basis  for  our  judgments.  So  alsfi  in  the  judg- 
ments of  distance  base<i  upon  visual  impressions  it  is  l)elieve<l  that 
for  close  olijcrts,  particularly,  the  muscle  sense  connected  with  the 
extrinsic  and  intrinsic  musculature  of  the  eyeballs  plays  a  funda- 
mental part.  Doubtless  also  this  sense  takes  an  essential  part 
in  the  primitive  formation  of  our  conceptions  of  space,  since  it 
may  be  assumed  that  the  continual  n^ovenients  of  the  extremities 
in  connection  with  our  visual  and  tactile  impressions  furnish  essen- 
tial data  upon  which  we  build  our  perceptions  of  distance  and 
size,  our  judgments  of  spatial  relations.  As  is  explained  in  the 
chapter  on  the  physiology  of  the  ear.  the  sensations  from  the  semi- 
circular canals  and  vestibular  sacs  co-oix»rate  in  giving  data  for 
these  fundamental  conceptions,  and  it  is  not  possible  for  us  to 
disentangle  the  [larts  taken  by  these  seiLses  separately  in  liuilding 
up  our  knowledge  of  the  external  world.  The  muscle  sense  is 
reckoned  usually  among  the  internal  (or  common)  senses, — that  is, 
those  which  an*  projected  to  the  interior  of  the  body  and  are  felt 
as  changes  in  ourselves.  A  little  reflection,  however,  demonstrates 
that.  like  the  teniiH?rature  sense,  it  may  under  conilitions  l^e  pro- 
jected to  the  exterior  and  be  interpreted  as  a  quality  of  external 
object-s.  Weight  and  resistance,  for  exami)lo.  are  attributed  to 
the  objects  giving  rise  to  the  feeling  of  nuiscidar  effort,  and  it  may 
be  said,  perhajis,  that,  as  in  the  case  of  tempcraUire.  the  feeling 
is  projected  more  or  less  cleBrly  to  the  exterior  when  it  is  combined 
with  the  pressure  sense  which  acts  as  the  predominating  or  guiding 
factor  in  the  projection.  In  excessive  nuiscular  effort-  the  quahty 
of  the  muscle  sensation  undergoes  a  change  and  becomes  strong 
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coongh  to  make  a  distinct  and  peculiar  impresHion  upon  our  con- 
•riottSDesB.  We  designate  this  feeling  as  fatigue^  but  there  is  no 
an  apparently  that  thLs  sensation  is  iiu'diatod  through  the 
'  nerve  libers  tliat  ordinarily  give  us  our  muscular  seni!il)ility. 
Seasations  of  Hunger  and  Thirst. — Hunger  and  thirst  are 
tj'pical  interior  (or  common)  sensations.  We  feel  them  as  changes 
in  OQcaelveB.  Neither  sense  has  been  the  direct  object  of  much 
experimental  investigation,  and  what  knowletlge  we  possess  is  there- 
fore derived  largely  from  accidental  or  pathological  sources.  Hunger 
in  ita  mild  form  is  designated  as  apf)etile.  It  occurs  nornialiy  at  a 
certain  interval  after  meals,  aiul  is  referred  or  projected  nK»re  or 
leas  accurately  to  the  stomach.  It  is  not  known  whether  this  sense 
is  mediated  by  a  special  set  of  sensor)'  fibers  distributed  to  the 
tnuroua  membrane  of  the  stomach,  or  whether,  perhaps,  it 
fty  be  a  quality  of  the  sensory  impressions  from  the  muscular 
Tlie  former  view  seems  more  probable.  e?vix*(ially  when  it  is 
eretl  that  loss  of  apix^tite  or  anurexia  is  so  frc<]uently  an 
smpaniment  of  pathological  changes  in  the  membrane  of  the 
The  nervous  mechanism  through  which  this  sense  is  me- 
is  of  most  essential  imix)rlanre  and  deser\-os  more  careful 
ly  at  the  hands  of  physiologists  nnd  fm(iu»lfigists.  L'tulcr  (jnli- 
nar>'  conditions  of  life  all  cjf  the  regiihition  of  the  amoimt  and  quality 
L<rf  the  food  necessary  to  the  proper  nutrition  of  the  borly  and  the 
:>tenanee  of  botly  e<{uilibrium  is  efTectod  through  this  sense.  Its 
:  influence  upon  the  body  at  large  is  well  illustrated  in  the  case 
'  a&imaL*'  (pig(M>ns,  dogs)  deprived  of  their  corebnim.  I>uring  the 
of  fasting  these  animals  show  all  the  externa!  signs  of  hunger 
[  keep  in  continual,  restless  movement  that  seems  to  imply  a  con- 
illy  acting  sensory  stimulus.  We  may  assume  that  apj^etite 
has  its  sensory  origin,  it.s  peripheral  ner\*e  endings  in  the  stomach, 
and  that  these  endings  are  excited  in  some  unknown  way  when  the 
stomach  is  empty.  This  gastric  hunger,  as  it  might  be  called  ^ 
ippeara,  or  the  appetite  is  appeased  when  the  stomach  is  filled, 
fact  in  itself  would  indicate  that  the  stimulus  has  a  local 
yryi^n  in  the  stomach,  and  is  not  ileix?ndent  ujxjn  any  general 
inge  in  the  nutritive  condition  of  the  body.  The  appetite  is 
fttia^ed  by  filling  the  stomach  with  food  long  before  this  food 
actually  absorbed  and  distributetl  to  the  tissues.  The  inges- 
i  of  totally  indigestible  material  would  probably  have  temporarily 
a  similar  residt.  The  exact  nature  of  the  conditions  that  lead 
lp»  or  cause  a  stimulation  of  the  sensory  nen'es  of  appetite  in  the 
eh  remains  unexplained.  The  well-known  fact  that  muscular 
excrcLw  and  low  temperatures  and  particularly  a  combination  of 
the  two  cause  a  marked  augmentation  of  the  appetite  would  suggest 
that  the  senaorv  stimulus  is  influenced  by  the  extent  or  character 
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of  the  oxidations  in  the  muscular  tissues,  and  that,  therefore,  some 
substance  may  be  formed  as  the  result  of  thase  oxidations  which - 
afTects  the  sensory  nerves  of  the  stomarh.  The  same  general  sug- 
gestion is  contained  in  the  fact  that  diabetics  exhibit  an  abnormal 
appetite  in  spite  of  abundant  feeiiing.  In  these  individuals  the 
carbohy<h'ate  fo<Kl  escapes  oxidation  more  or  less  completely,  and 
the  metal:>olism,  particularly  in  the  muscles,  involves,  therefore, 
to  a  greater  extent,  \h<^  oxidation  of  proteid  material, — a  fact  which 
may  stand  in  some  relation  to  the  abnonnal  appetite  that  isobsen'ed. 
Tlie  comj>lexity  of  the  nervous  apparatus  that  controls  the  the  appe- 
tite is  shon*n  also  by  man>'  facts  from  the  experiences  of  life  and  from 
the  results  of  laboratory  investigations.  For  example,  it  is  found 
that  large  amounts  of  gelatin  in  the  diet,  although  at  first  accepted 
willingly,  soon  provoke  a  feeling  of  dislike  and  aversion  to  this 
particular  foodstuff  such  as  cannot  lx>  overcome.  An  animal  will 
starve  nithor  than  use  the  gelatin,  althotigh  all  of  our  direct  physio- 
logical evidence  would  inrlicatc  that  this  substance  is  an  efficient 
food,  pla^'ing  much  the  same  j)art  as  the  fats  or  carbohydrates. 
A  fact  of  this  kind  indicates  that  the  sensor}'  apparatus  of  the  appe- 
tite is  influenced  in  some  specific  way  by  the  metabolism  of  this 
particular  niaterial.  So  aLsit  the  feeling  uf  satiety  and  aversion  for 
fom!  that  follows  overfcetiing  indicates  something  more  than  a  sim- 
ple removal  of  the  sensations  of  appetite;  it  implies  an  active  state, 
due  pttssibly  to  the  excitation  of  sonsor>^  ftliers  of  a  different  char- 
acter. With  regard  to  the  effects  of  prolonged  starvation,  the 
pangs  of  hunger  that  arc  felt  at  first  do  not  seem  to  increase  in  in- 
tensity to  such  an  extent  as  to  cause  actual  suffering.  The  testi- 
mony of  the  "professional  fasters,"  at  least,  seems  to  show  that,  if 
water  is  provided,  prolonged  deprivation  of  food  is  not  accompanied 
by  the  intense  discomfort  or  suffering 'popularly  associated  with 
the  idea  of  complete  starvation. 

The  Sense  of  Thirst. — Our  sensations  of  thu^t  are  projected 
mon*  or  less  accurately  to  the  phar^'nx,  and  the  facts  that  we  know 
would  seem  to  indicate  that  the  senson'  nen-es  of  this  region  have 
the  imp<jrtant  function  of  mediating  this  sense.  The  water  con- 
tents of  the  body  are  subject  to  great  changes.  Through  the  hmgs, 
the  skin,  and  the  kidneys  water  is  lost  continually  in  amounts  that 
vary  with  the  conditions  of  life.  This  loss  affects  the  blood  directly, 
but  is  doubtless  made  good,  so  far  as  this  tissue  is  concerned,  by  a 
call  upon  the  great  mass  of  water  contained  in  the  storehouse  of  the 
tissues.  To  restore  the  \io(\y  tissues  to  their  normal  erjuilibrium 
in  water  we  ingest  large  quantities,  and  the  control  of  (his  regula- 
tion is  effected  through  the  st'n,s<»  of  thirst.  We  know  little  or 
nothing  about  the  nervous  apparatus  involved;  but  it  may  be 
assumed  that  when  the  water  content  falls  below  a  certain  amount 
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the  nerve  fibers  in  the  phan^ngeal  membrane  (fibers  of  the  glosso- 
pharyngeal nerve)  are  stimulated  and  give  us  the  sensation  of 
thirst.  That  we  have  in  this  membrane  a  special  end-organ  of 
thirst  is  indicated,  moreover,  by  the  fact  that  local  dn'ing  in  this 
reg;ion.  from  dry  or  salty  food^  or  dry  and  dusty  air.  produces  a 
•enaation  of  thirst  that  may  be  appeased  by  moistening  the  mem- 
brane with  a  small  amount  of  water  not  in  itself  sufficient  to  relieve 
a  i^enuine  water  need  of  the  body.  Our  normal  thirst  sensations 
might  be  designated,  therefore,  as  phanngeal  thirst,  to  indicate 
jihe  probable  origin  of  the  sensorv'  stimuli.  Prolonged  deprivation 
water,  however,  must  affect  the  water  content  of  all  the  tissues, 
i  under  these  conditions  sensations  arc  experiencctl  whose  rjuality 
not  that  of  simple  thirst  alone,  but  of  pain  or  suffering.  All  ac- 
counts agree  that  complete  deprivation  of  water  for  long  pwriods 
nduces  intense  discomfort,  anguish,  and  possibly  mental  troubles, 
wc  may  suppose  that  under  these  conditions  sensory  nerves 
!  stimulated  in  many  tissues,  ami  thai  the  nietaholism  in  the  ner- 
sj'Stera  in  addition  is  directly  affecte<l  by  the  lr>ss  of  water. 
It  ]s  interesting  to  note  that,  while  in  diseases  due  to  a  general  in- 
fection, loss  of  appetite,  anorexia,  is  a  freijuent  symptom,  there  is 
no  corresponding  loss  of  the  sense  of  thirst.  Even  in  hydrophobia 
the  patient  expjeriences  the  sensations  of  thirst,  although  unable  to 
driak  water. 


CHAPTER  XVI. 
SENSATIONS  OF  TASTE  AND  SMELL. 


The  sense  of  taste  is  mediated  by  nerve  fibers  distiibuted  to 
parts  of  the  buccal  cavity  and  particularly  to  parts  of  the  tongue. 
The  most  sensitive  regions  are  the  tip,  the  borders,  and  the  posterior 
portion  of  the  dorsum  of  the  tongue  in  the  region  of  the  circum- 
vallate  papilla*.  Taste  buds  and  a  sense  of  taste  are  descrilM^l  also 
for  the  soft  palate,  the  epiglottis,  anil  even  for  the  lar^-nx.  The 
sense  is  not  present  uniformly  over  the  entire  dorsum  of  the  tongue. 
()n  the  contrarj',  it  has  an  irrcgidar,  punctiform  distribution  over 
most  of  this  n*gion  with  the  exception  of  the  jjartti  mentioned  above. 

The  Nerves  of  Taste. — The  anterior  two-thirds  of  the  tongue 
are  suj>[>lied  with  sensor>'  fibers  from  the  lingual  nerve,  a  branch 
of  the  inferior  maxillary  division  of  the  fifth  nerve,  and  the  posterior 
third  hoiii  tfie  glossopharyngeal.  The  taste  fibers  for  these  regions, 
therefore,  are  supplie<l  immediately  fhj'ough  these  nerves.  It  has 
been  shown,  moreover,  that  the  taste  fibers  carried  in  the  lingual 
are  brought  Uj  it  through  the  chorda  tynipani  nerve,  which  arises 
from  the  seventh  cranial  nerve  and  joins  the  lingual  soon  after 
emerging  from  the  tympanic  cavity  of  the  ear.  There  has  been 
much  discussion  as  to  tlie  origin  of  these  taste  fillers  from  the  brain. 
At  first  sight  it  would  secni  that  the  fibers  for  the  posterior  third 
of  the  tongue  must  have  their  origin  from  the  brain  in  the  glosso- 
phar\'npeal  and  those  for  the  anterior  two-thirds  in  the  sensory 
p<jrtion  of  the  facial.  Many  surgeons  have  reported*  however,  that 
eonipk'te  e\tirj>ation  of  the  (Ja.Kserian  gaiiglion  of  the  fifth  nerve 
is  followed  by  complete  loss  of  taste  in  the  corresponding  side  of 
the  tongue,  anil  (»(hers  have  described  a  loss  of  taste  for  the  anterior 
two-thirds  following  a  similar  operation.  Some  authors  have 
asserted,  tlierefore,  that  all  the  taste  fit>f*rs  originate  or  rather  end 
in  the  sensory  mielcus  of  the  fifth,  while  others  believe  that  the 
fibers  nmning  in  the  chorda  tympani,  at  leasts  take  their  origin  in 
the  fifth  nerve.  It  is  supp<tspd  by  these  authors  that  the  fibers 
reach  the  (lasserian  ganglion  by  a  circuitous  route,  as  is  indieated 
in  the  diagram  given  in  Fig.  113.  Those  that  run  in  the  lingual 
and  chorda  tympani  nerves  are  assumed  to  pass  to  the  ganglion 
by  way  of  the  great  superficial  i>etrosal  and  ^'idian  nerves  and 
Meckel's  ganglion,  while  those  that  are  contained  in  the  glosso- 
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r>'np:eal  reach  the  same  ganglion  through  the  ner\'e  of  Jaeoljson, 
"the  small  superficial  jjetrosal.  and  the  otic  ganglion.  A  recent  re- 
port by  Cuahing.*  of  ihv  n^ult«  of  renioval  of  the  Oasserian  gan- 
glion in  thirteen  cases,  throws  much  doubt  upon  these  views.  This 
Autbor  made  careful  examinations  of  the  aerise  of  taste,  not  only 
iimnediately  after  the  oi)eration.  but  for  a  long  period  subsequently. 
He  states  that  in  no  case  \\as  thore  any  effect  ujjon  the  sense  of  taste 
in  the  posterior  tliird  of  the  tongue.  We  may  believe,  therefore,  that 
ibe  tajfte  fil)en?  of  tliis  purt  arise  immediately  from  the  ganglion 
eeOs  in  the  petrosal  ganglion  and  enter  the  brain  with  tlie  roots  of 
the  nerve  to  terminate  in  its  sensor}'  nucleus  in  the  medulla.  Regard- 


to  thow  the  course  of  the  tante  fibers  fram  toofU«  to  bmin. — 


-om  tooffUA  to  bmiD. — 
Ctuhinc'fl  obaerv»tioiu. 


^^m»kinp.)     The  dotted  lides  represent  the  cour^^e  m^  indicatetl  by  U 

Tin    full  black  line*  tiidirate  ihe  patlu  by  which  some  nutboni  hAV»  nippowd  that  than 
•At«T  the  brain  in  the  trigemtnal  ner\*o. 


;  Ihe  anterior  two-thirds  of  the  tongue,  the  lingual  region,  it  was 
nd  that  in  some  cases  there  was  at  first  a  loss  of  acuity  of  taste 
or  even  an  entire  disappearance  of  the  sense,  but  subsequently 
it  returned.  It  would  seem,  therefore,  that  the  loss  of  taste  de- 
scribed after  removal  of  the  (Jasserian  ganglion  is  an  incidental 
.Jesuit  the  cause  of  which  is  not  entirely  clear.  Gushing  attributes 
'it  to  a  postoperative  degeneration  and  swelling  in  the  fil>ers  of  the 
lingual  nerve,  which  affect  the  conductivity  of  the  intermingled 
fibers  of  the  chorda  t>Tnpani.    Since,  however,  there  is  no  perma- 

*  Cuahing,  "  Bulletin  of  the  Johns  Hopkins  Hospit&l,"  14,  71.  1903.     Gi>'08 
the  flunpcaJ  literature. 
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nent  loss  of  taste  in  this  region,  it  follows  that  the  taste  fibers  do] 
not  pass  through  the  Gasserian  ganglion.    We  may  assume,  thcre-j 
fore,  that  they  originate  directly  in  the  nerve  cells  of  the  geniculate' 
ganplion  ami  enter  the  brain  with  the  fibers  of  the  portio  intermedia 
of  the  seventh  nerve. 

The  End-organ  of  the  Taste  Fibers. — In  the  circumvallate 
papilla*,  in  some  of  the  fungiform  papilhe,  and  in  other  portions  of 
the  fauces,  palate,  epiglottis,  or  even  the  vocal  cords  there  aro^ 
found  the  organs  known  as  taste  buds  which  are  believed  to  act 
as  |>eripheral  organs  of  taste.  These  curious  structures  are  repre- 
sented in  Fig.  114.  They  are  oval  bodies  with  an  external  layer! 
of  tegmental  or  cortical  cells,  and  they  contain  in  the  interior  a 

number  of  elongated  cells 
each  of  which  ends  in  a  hair- 
like  process  which  prcgecta 
through  the  central  tasted 
|X)re  of  the  organ.  These 
latter  ceils  may  be  consid- 
ered as  the  tnie  sense  cells; 
the  hair-like  process  con- 
stitutes probably  the  part 
that  is  stimulated  directly 
hy  sapid  substances.  The 
impulse  thus  aroused  is 
communicated  through  the 
body  of  the  cell  to  the 
endings  of  the  taste  fibers 
which  terminate  around 
these  cells  by  terminal 
arborizations  of  the  same 
general  t}pe  as  in  the  c-ase 
of  the  hair  cells  in  the 
cochlea. 

Classification  of  Taste  Sensations. — Our  taste  sensations 
are  very  numerous,  but  it  has  been  shown  that  there  are  four 
primary  or  fundamental  sensations. — namely,  sweet,  bitter,  acid, 
and  salty,  and  that  all  other  tastes  are  combinations  of  these 
primary  sensations,  or  combinations  of  one  or  more  of  them  with 
sensations  of  odor  or  with  sensations  derived  from  stimulation  of 
the  so-called  nerves  of  common  sensibility  in  the  tongue.  Thus» 
the  taste  of  jx^pfx^r  may  be  resolved  into  a  slight  odor  sensation 
and  a  sensation  due  to  stimulation  of  the  fil>ers  of  general  sensi- 
bility,— that  is.  it  gives  no  taste  sensation  proper.  The  taste  of 
alum  may  l>e  considered  as  a  combinalion  of  a  salty  taste  with 
common  sensibUity.    Combinations  of  sweet  and  acid  tastes,  sweet 


buds  I 


Fiff.  114. — Section  through  oq«  of  the  tasto 
la  of  the  papilla  ftiluiift  ui  the  rabbit  (fmm 
Quaint  after  aant'icr),  highty  mnfftiihrU:  p.  Gus- 
tatory pore:  I,  gufltatory  cell ;  r,  Austen taoular 
cell;  m,  leucocyte  cotitaiuioK  Kranules;  e,  super- 
ficial epithelial  cellei:   n,  nerve  fibers. 
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aad  bitter  tastes,  etc.,  form  a  part  of 


daily  experience,  and 
in  the  fused  or  compound  sensation  that  resiilt.s  frtjm  such  c*>m- 
binaticMifl  one  may  usually  reeogiiizo  without  diHiculty  the  non- 
stitueni  parte.  The  seemingly  great  variety  of  our  taste  sensations 
is  iaiigely  due  to  the  fact  that  we  confuse  theni  or  cuuibine  them 
with  simult&neous  odor  t^nsations.  Thus,  the  flavors  in  fniits  and 
the  bouquet  of  wines  are  <hie  lo  odor  sensations  which  we  designate 
ondiDfirily  aa  tastes,  since  they  arc  cxi>erienced  at  the  time  these 
objects  *re  ingested.  If  care  is  taken  to  shut  off  the  nasal  cavities 
jurrng  the  act  of  ingestion  even  ini()erfectly,  as  by  holding  the 
Doae,  the  ao-cAllcd  taste  ilisappears  in  large  measure.  \'er>-  <lis- 
a^neable  tAStes  arc  usually,  as  a  matter  of  fact,  due  to  imffleasant 
odor  aeasations.  On  the  other  hand,  some  volatile  substances 
urhic^  enter  the  mouth  through  the  nostrils  and  stimulate  the 
taflle  origans  are  interpreteil  by  us  as  orlors.  The  odor  of  chloro- 
fonxi.  for  instance?,  is  largely  due  to  stiuiulalion  of  the  sweet  taste 
in  the  tongue. 

Distribution    and    Specific    Energy    of    the    Fundamental 

Taste    Sensations. — Regarding    the   distriljution    of    the    funda- 

xw*ntal  (Aste  sensations  over  the  tongue  and   palate   there  seem 

\yc  many  individual  differences.     In  general,  however,  it  may 

be  said  that   the   bitter  taste  is  more  developed  at  the  bark  of 

the   tongue  and  the  adjacent  or  posterior  regions;   at  the  tip  of 

llie  tongue  the  bitter  sense  is  less  marked  or  in  cases  may  Ik*  absent 

JtiTgetber.     On  the  contrary,  in  this  latter  region  the  sweet  taste 

'la  well  develo|)ed.     On  this  account  it  may  hapyx^n  that  siibstances 

which  when  first  taken  into  the  mouth  give  a  not  unpleasant  sweet 

i  iaate  subsequently  when  swallowed  cause  disagreeably  bitter  sen- 

^tionSt  like  the  little  book  of  the  evangelist,  which  in  the  mouth 

*ffweet  as  honey,  and  as  soon  as  1  had  eaten  it.  my  liell\'  was 

riwtter."    Oehrwall*  Ims  ma<ie  an  interesting  s(»ries  of  exix^riments 

in  which  he  stimulated  separately  a  miml)er  of  fungifonn  papilla.* 

on  the  surface  of  the  tongue.     Each  papilla  wa.-«  stimulated  se[>a- 

ffately  for  its  fundamental  taste  senses  of  sweet,  bitter,  and  acid, 

by  uidng  drops  of  solutions  of  siigar,  (luinin,  and  tartaric  acid.     Of 

the  125  papillir  thus  examinefl.  27  gave  no  reaction  at  all,  although 

[«enfdti>'e  to  pressure  and   temperature.     In  the  98  jXipilLe   iliat 

^irarteil  to  the  sapid  stimulation  it  was  founfl  that  iM)  gave  taste 

'CeiMitions  of  all  ihn-e  qualities,  4  gave  only  sweet  and  bitter,  7  only 

hitt<^r  and  acid.  12  only  sweet  and  acid,  12  only  acid,  and  3  only 

None  was  foimd  to  give  only  a  bitter  sensation.     These 

ctjj  bear  directly  upon  the  question  of  the  specific  energy  of  the 

fibers.     It  is  possible  that  the  four  fundamental  taste  <iualities 

l>c  mediated  by  four  different  end-organs  and  four  i^'jMirate 

•Oohnrall.  "Skandina\n»ch«?a  Archiv  f.  Phv«olope."  2,  I.  1890. 
IS 
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sets  of  ncrvc  fibers,  each  giving,  when  stimulated,  only  its  own 
quality  of  sensation.  On  the  other  hand,  it  is  possible  that  one  anrl 
the  same  nen^e  fiber  might  give  different  qualities  of  sensation 
according  to  the  nature  anfl  mode  of  action  of  the  sapid  substances. 
The  fact,  a^i  shown  by  Dehrwairs  exjxTiinenUs,  that  there  are  sensory 
spotj*  upon  the  tongue  which  will  not  react  to  some  kinds  of  sapid 
substance,  but  do  react  to  others,  and  perhaps  only  to  one  particular 
kind,  speaks  strongly  in  favor  of  the  view  that  there  are  different 
end-organs  and  ner\'e  fibers  for  each  fundamental  taste.  This  view 
is  still  further  supported  by  the  fact  that  certain  chemically  pure  sub- 
stance-; give  different  tastes  according  to  the  part  of  the  tongue 
upon  which  they  arc  placed.  Thus,  stidium  sulphate  (Guyot)  may 
taste  salty  upon  the  tip  of  the  tongue  and  bitter  when  placed  upon 
the  posterior  jMirt.  A  better  instance  still  is  given  by  solutions  of 
a  bromin  substitution  product  of  saccharin,  the  chemical   name 

for    which    is    parabroni-bcnzoic    sidpluni<l:    C^HjBr  |  Y^  ^NH. 

When  this  substance  is  placed  upon  the  tip  of  the  tongue  it  gives  a 
sweet  sensation,  while  upon  the  jxisterior  region  it  gives  only  a  bitter 
Uiste  together  with  a  sensation  of  astringency  (Howell  and  Kastle). 
Extracts  of  the  leaves  of  a  (ro]>ical  }>lant,  Gj/mnema  silvestre,  appUed 
to  the  tongue,  destroy  the  sen.se  of  taste  for  sweet  and  bitter  sub- 
stances (Shore),  and  this  fact  may  be  explained  most  satisfactorily 
by  assuming  that  this  substance  exercises  a  selective  action  upon 
separate  tenninals  in  the  tongue,  paralyzing  thase  for  the  bitter 
and  the  sweet  substances.  Finally,  the  fact  that  electrical,  me- 
chanical, or  chemical  stimulation  of  the  chorda  tympani.  where  it 
passes  through  the  tymf>anic  cavity,  may  arouse  taste  sensations  is 
proof  that  the  ta.ste  sensation  in  geneml  is  not  due  to  a  f)eculiar  kind 
of  impulse  that  can  \ye  aroused  only  by  the  action  of  sapid  l>odies 
upon  the  termimils  in  the  tongue,  but,  on  the  contrar>',  that  it  is  a 
specific  energy  of  these  fibers,  and  dejjends  for  its  quality,  there- 
fore, upon  (he  specifie  reaction  of  the  terminations  in  the  brain. 

Method  of  Sapid  Stimulation. — In  order  that  sapid  substances 
may  react  upon  the  taste  terminals  it  is  neep.ssar>'.  in  the  first  place, 
that  they  slmll  be  in  solution.  It  is  impossible  to  taste  with  a  dry 
tongue.  We  may  assume,  therefore,  that  the  stimulation  consists 
eKsentiallv  in  a  chemical  reaction  between  the  sapid  6id)Stance  and 
the  terminal  of  ihe  taste  t\bvT, — for  instance,  the  hair  process  of 
the  sense  cells  in  the  taste  buds, — and  the  question  naturally  aris 
whether  the  distinctive  reactions  corresponding  to  the  separate^ 
taste  qualities  can  be  referred  to  a  definite  chemical  stmcture  in  the 
sapid  lx>dies.  Aw  there  rertain  chemical  gmups  which  jx^ssess  the 
property  of  reacting  specifically  with  the  end-organs?  Experience 
shows  that  substances  of  very  different  chemical  constitution  may 
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excite  the  same  taste.  Thus,  sugar,  saccharin,  and  sugar  of  lead 
(lead  acetate)  all  give  a  sweet  taste,  while,  on  the  other  hand, 
stftrch  (soluble  starch),  which  stands  so  close  in  structure  to  the 
flQgarSy  has  no  effect  upon  the  taste  terminals.  It  is  interesting 
to  remember  that  the  taste  nerves  may  be  stimulated  by  sapid  sub- 
stAnoes  disaolved  in  the  blood  as  well  as  when  applied  to  the  ex- 
terior of  the  tongue.  A.  sweet  taste  may  be  exf^erienced  in  diabetes 
from  the  sugar  in  the  blood,  or  a  bitter  taste  in  jauniiice  from  the 
bile. 

The  Threshold  Stimulus. — The  determination  of  the  threshold 
stimulus  for  tlifTerent  sapid  substances  Is  made  by  ascertaining  the 
minimal  concentration  of  the  solution  which  is  capable  of  arousing 
a  taste  sensation.  The  delicacy  of  the  sense  of  taste  is  influenced, 
bowevcr,  by  certain  accessor>'  conditions  which  nuist  be  taken  into 
aeeount.  Thus,  the  temperature  of  the  solution  is  an  im|x)rtant 
condition.  V'er>'  cold  or  very  hot  solutions  do  not  react, — that  is, 
the  extremes  of  temperature  seem  to  diminish  or  destroy  the  sensi- 
tivenes  of  the  end-organ.  A  temperature  between  10*^  and  3()°  C. 
gives  the  optimum  reaction.  So  also  the  tjelicucy  of  the  ^*ense  of 
taate  is  increased  by  rubbing  the  sapid  solution  against  the  tongue. 
Doubtless  this  mechanical  action  facilitates  the  i)enetration  of  the 
aftpd  body  into  the  mucous  membrane,  but  it  seems  also  to  in- 
rvmee  the  irritability  of  the  end-organ.  It  is  our  habit  in  tasting 
bodies  with  the  tongue  to  rub  this  organ  against  the  hard  palate. 
With  regard  to  the  threshold  stimulus  such  results  as  the  following 
are  reported: 

Sstty  (Mxitum  chlorid).  0.25    gm.   In    100  c.a  H/) — dvtectible    on    tip    of 

toneue. 
8w»rt(nigar)   0.50  "  "       "       "       detet-liblo    nn    tip    of 

tonpje. 
Acid  (HO) 0.007        "  **      *'       "       (icLectible  on  border  of 

tonguo. 
Bitier (qutoin) 0.00006     "  "      "       **      tirtettible  on  root  of 

tongue. 


The  very  great  sensitiveness  of  the  tongue  to  bitter  substances  is 
evid^^nt  from  this  table. 

The  Olfactory  Organ. — The  end-organ  for  the  olfact^r\'  sense 
Bea  in  the  upper  part  of  the  nose,  and  consists  of  elongated,  epithe- 
liaMike  cells,  each  of  which  bears  on  its  free  end  a  tuft  of  six  to 
ei^t  hair-like  processes,  while  at  its  basal  end  it  is  continued  into 
A  nerve  fiber  that  passes  through  the  cribriform  plat^  of  the  ethmoid 
bone  and  ends  in  the  olfactory  bulb.  Thes<^  olfactory  sense  cells 
lie  among  supporting  epithelial  cells  of  a  columnar  shape  (Fig. 
115).  At  the  free  edge  of  the  cells  there  is  a  limiting  membrane 
throtigh  which  the  olfactor\'  hairs  project.     The  olfactory  sense 
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cells  are  essentially  nerve  cells,  and  in  this  respect  resemble  the 
sense  cells  in  the  retina,  the  rods  and  cones,  rather  than  those  of  the 
ear  or  of  the  organs  of  taste.  The  distribution  of  the  olfactory 
cells,  acconling  to  v.  Hninn,  is  confined  to  the  nasal  septum  and  a 
portion  of  the  upper  lurbinaLebone.  The  area  covered  in  eachnas^ 
tril  corres|Hin(.l.s  to  about  25U  Mi[uare  luillinietcrs.  The  epithelium 
of  the  lower  ami  niid<lle  turbinates  and  the  floor  of  the  nostrils  is 
composed  of  the  usual  ciliuted  oells  found  in  the  respiratory  passages, 
while  the  so-called  vestibular  region  of  the  nose,  the  part  roofed  in 

by  the  cartilage,  is  covered 
^h       fM  ^y   ^   stratified     pavement 

epithelium  corresponding  in 
structure  with  that  of  the 
skin.  These  latter  portions 
of  the  nose  are  supplied 
with  sensor>'  fibers  derived 
from  the  fifth  or  trigeminal 
ncr\'e.  We  must  consider 
the  500  sq.  mm.  of  olfac- 
tor>'  epithelium  as  t  he 
olfactory  sense  organ  eom- 
|iarable  physiologically  and 
jHThaps  anatomically  to  the 
rod  and  cone  layer  of  the 
retina.  The  connections  of 
these  cells  with  the  central 
ner\'0U5  system  have  al- 
ready been  described  (p. 
2*12).  It  will  be  remem- 
bered that  the  fine,  non- 
medullated  fibers  springing 
from  the  basal  eml  of  the 
sense  celts  enter  the  olfac- 
tory bulb  juui  end  in  ter- 
minal arborizations  in  the  olfactory  glomendi,  where  they  make  con- 
nections by  contact  with  the  dendrites  of  the  mitral  cells  of  the 
bulb.  Through  the  axons  of  these  mitral  cells  the  impulses  are  con- 
ducted liUmff  the  olfactory  tract  to  their  varit)us  terminations  in  the 
olfactory  lobe  itself,  either  of  the  same  or  of  the  opposite  side,  and 
eventually  also  in  the  cortical  region,  the  uncinate  g^Tiis,  of  the 
hippocampal  lobe.  As  regards  the  olfactory  sense  cells,  the  nerve 
cells  in  the  oiract<jr>'  l)ulb  might  be  compared  with  the  nerve  gan- 
glion layer  of  the  retina,  and  the  ner\'e  fibers  of  the  olfactor>*  tract 
%\ith  the  fibers  nf  the  optic  nerve. 

The    Mechanism    of    Smelling.— Odoriferous    substances    to 


Tig.  1 1.5. — Oils  of  tlie  olfactory  region  (after 
r.  Hrunn):  n,  a,  OUftctory  crU.s;  h,  6,  cpitrieliiU 
c«Ils;  n.  n.  central  proceas  prolonRPtl  a^  un  olfac- 
tory nerve  fibril;  i,  t,  nucleua;  c,  kiiob-UkG  cicur 
tenninatioD  of  penpberaJ  prooetuf;  A, /i,  biiiich  uf 
C'lfBOtory  hikir^. 
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aJEect  the  olfactory  cells  must,  of  course,  penetrate  into  the  upper 
part  of  the  nnsal  rhuml>er.  This  ern\  is  attaine*!  ihiriiif*;  inspiration, 
cither  by  simple  dilTusion  or  by  currents  produced  by  the  act  of 
snitRng.  It  may  alHo  happen  by  way  of  the  posterior  nares.  Jn 
fmct.thc  fiavorH  of  many  fofxlsjniits,  wine, etc.,  are  olfactory  rather 
than  gustatory  sensiitioas.  Wlwn  Huch  footl  is  swallowed  the  post<»- 
rior  naree  arc  shut  off  from  the  pharynx  by  the  soft  palate,  but  in 
the  expiration  succeeding  the  swallow  the  inlor  of  the  foml  is  con- 
veyed to  the  olfactory  end-organ.  Flavors  are  perceive<l,  therefore, 
ooC  during  the  act  of  swallowing,  but  subsequently,  anil  if  the  nostrils 
are  blocked,  a«  in  eoryza.  fomls  lose  much  of  their  flavor.  Simply 
holding  the  nose  will  destroy  much  of  the  so-called  taste  of  fruits 
or  the  bouquet  of  ^Wnes.* 

Nature  of  the  Olfactory  Stimulus. — The  fact  that  smells  are 
tnuiamittefi  through  space  like  ligiit  ami  sound  lias  suggeste<l  the 
poonbility  that  they  may  ileixMul  upon  a  vibratory  movement  of 
some  medium.  This  view,  although  04Ta;sioiially  defended  in 
modem  time:?,  is  apparently  entirely  incompatible  with  the  facts. 
The  usual  view  is  that  oiloriferous  bodioA  emit  particles  which,  as 
a  rule,  at  least  are  in  gaseous  form.  These  particles  are  con- 
veyed to  the  olfactory  epithelium  by  currents  in  the  air  or  by 
mmple  gaseous  diffusion,  and  aft<^r  solution  in  the  moisture  of 
the  membrane  act  chemically  upon  the  sensitive  hairs  of  the  sense 
ccUs.  All  vapors  or  gases  are,  however,  not  capable  of  acting  as 
stimuli  to  these  cells;  so  that  evidently  the  otlorifennis  character 
depends  upon  some  peculiarity  of  stnicture.  It  is  assumcfl  that 
there  are  certain  groups,  "odoriphore  groups."  which  are  character- 
iaCic  of  all  (xioriferous  substances  and  by  virtue  of  which  thcHC 
sabstances  react  with  the  special  form  i^f  protoplasm  found  in 
the  hair  cells.  Haycraftt  has  formulate*!  certain  fundamental 
eoaeeptions  bearing  upon  the  relation  between  chemical  structure 
and  odoriferous  stimulation.  He  has  showTi  that  the  power  to 
caoie  smell,  like  other  physical  profwrties;  is  a  ix^ritxlic  function  of 
the  atrfimic  weight — that  in  the  jx-riudic  system,  according  to  M**n- 
[^^lejeff,  the  elements  in  certain  groups  are  characterized  by  their 
odoriferous  properties;  for  instance,  the  second,  fourth,  and  sixth 
members — sidphur,  selenium,  and  tellurium — of  the  sixth  pnnip. 
Moreover,  in  organic  compounds  bc^longing  to  an  homolofjous  s<Ties 
the  smell  gradually  changes  and,  indee^l,  increases  in  the  higher 
members  of  the  eeriefl, — that  is,  in  those  having  a  more  complex 
molecular  stmcttire. 

The  Qualities  of  the  Olfactory  Sensations. — Wliile  we  dis- 

*  For  mjiny  intorestiriK  facts  conoeminK  smelling  &nd  the  literature  to 
ISB6  "w^  ZwaaHemiiker,  "Die  PliVHtoloRie  de»  Geruchf,"  Leipzig,  1805. 
t  Hay  craft,  "Brain,"  1K8H,  p'.  166. 
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tjngruish  a  great  many  lUfferent  kinds  of  odors,  it  has  been  found 
difficulty  indeed  impossible,  to  classify  them  ver>-  satisfactorily 
into  groups.  That  is,  it  is  not  possible  to  pick  out  what  might  be  , 
called  the  fundamental  odor  sensations.  This  sense  was  doubtlesBi 
used  by  primitive  man  ohielly  in  detecting  and  testing  food  jn  protect- 
in/^  himself  from  noxious  surroundings,  and  jX'rlmj)S  aly*)in  controll- 
ing hi.s social  relations.  The  otfaflory  sensations,  in  accordance  with 
this  use  made  of  them^  give  either  pleasant  or  ^mpleasant  sensa- 
tions in  a  more  marked  and  universal  way  than  in  the  case  of  vision 
or  hearing,  approaching,  in  this  respect,  rather  the  purely  sensual 
characteristics  of  the  lower  senties,  the  bodily  appetit**.  Mankind 
has  l>een  content  to  classify  odors  a,s  agreeable  and  disagreeable, 
and  to  designate  the  nuiny  difTcreut  qualities  of  odors  by  the 
names  of  the  substances  which  in  his  indi\'idual  experience 
usually  give  rise  to  them.  A  number  of  obspr\'ers  have  proposed 
classifications  more  or  less  complete  In  rFiaracter.  One  of  the  latest 
and  perhaps  the  best  is  that  suggested  by  Zwaardemaker  on  the  basis 
of  the  nomenclatures  introduced  by  previous  observers.  Adopting 
first  the  general  grouping  into  pure  odors,  odors  mixed  with  sensa 
tions  of  common  sensibility  from  the  mucous  membrane  of  the  nose, 
and  odors  nijxeil  or  confused  with  tastes,  he  separates  the  pure  odors 
or  odors  prof)er  into  nine  classes,  as  follows: 


1 


I.  Odores  tctherei  or  ethereal  odors^  such  as  are  given  by  the  fruits,  and 
depend  upon  the  presence  of  ethereal  aubatancea  or  eaters. 
IL  Odores  aromutici  or  aromatic  odorw,  wliich  are  lypified  hv  camphor 
and  citron,  bitter  ahiioml  uud  the  resinous  bodies.     This  class  U 
divided  into  five  subjE^rouj)**, 
m.  Odores  fnigrante?*.  the  fraffratvi  or  balsamic  odors,  comprisinR  the  vari- 
ouH  flowor  odors  or  perfiinu's.     Thf  class  falli*  into  throe  8ul>group8. 
rV.  Odores  anibrosiaci,  the  ambrosial  odors,  typifietl  by  amlwr  and  musk. 
This  odor  \s  present  in  the  flewh,  blood,  or  excrement  of  some  ani- 
mals, bt'ing  rt*ffrahle  in  the"  Uist  instance  to  the  bile. 
V.  Odoret*  alliacei  or  garlic  odors,  such  tiA  arc  found   in  the  onion,  garlic, 
sulphur,  wleiiiuui  and  telhinuni  comixmnds.     They  fall  into  three 
siib^ninps. 
VT.  Odores  enipyreumatici  or  the  bumtng  odors,  the  odors  civon  by  roasted 
coffee,  bakeil  bread,  tobacco  smoke,  etc.    The  odors  of  l>en«ol,  phenol, 
and  tJir  products  of  dry  distilitition  of  wof>d  come  into  this  class,     i 
VII.  OdoroH  hirciiii  or  «roat  odors.     The  odor  of  this  animal  arises  from  the^ 
caproic  and  cnpr>'Iic   acid  contained  in   the  sweat ;  chet^fse,  aweat, 
flpermatic  and  va^nal  secretions  give  odors  of  a  similar  quality. 
VlII.  OdorcH  frtri  or  rt'puUive  odors,  such  as  are  given  by  many  of  the  nar- 
cotic phint?*  und  uciirithus. 
IX.  Odores  tunLsposi  r»r  riaus<'atineor  fetid  odors,  such  as  are  given  by  feces 
and  certain  plants  and  the  products  of  putrefaction. 


While  the  classifieation  serves  to  emphasize  a  number  of  marked 
resemblances  or  relations  that  exist  anionic  the  odors,  it  does  not 
rest  wholly  upon  a  suhjective  kinship. — thai  is,  the  different  odors 
brought  together  Ln  one  class  do  not  in  all  cases  arouse  in  us  sensa- 
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that  seem  to  be  of  related  quality.  It  ir>  not  imjwssible,  how- 
r#  ihai  further  analysis  may  succeed  in  wliowiiig  lliat  there  are 
OBrUkin  fundamental  qualities  in  our  numemus  odor  sensations. 
Our  poflition  regarding  the  odon>  is  similar  to  that  which  foniierly 
prevEiied  in  the  c&se  of  the  tatste  s^nsatioits.  It  was  thought  to  i>e 
impoaBtble  to  elassify  these  latter  satisfactorily  un  the  i}a.sis  of  a  few 
ftiiKiunenta]  sensationsi  but  it  is  now  universally  accepted  that  all 
of  our  true  gustatory'  sensatioas  show  one  or  more  of  four  primary 
lAfite  qualities.  As  wan  said  alx)ve,  our  odor  sensatioas  are  classi- 
fied in  ordinar>-  life  as  agreeable  or  disagreeable,  and.  indeed, 
HaUer,  the  great  physiologist  of  the  eighteenth  eentur>',  tlivided 
odOTB  along  this  line  into  tliree  classes:  (1)  the  agreeable  or  ani- 
broaal.  (2)  the  disagreeable  or  fetid,  and  (3)  the  niixe<l  odors.  In 
muiy  caaeB,  no  doubt,  the  agreeableness  or  di^agreeaiJleness  of  an 
odor  depends  solely  upon  the  associations  connected  with  it.  If 
the  MBOciative  memories  arouse<l  are  unpiea.<iant  the  odor  is  dis- 
agreeable.    Thus,  the  odor  of  musk,  so  pleasant  to  most  [XTsoa^, 

_pnMiuoc8  most  disagreeai)le  sensations  in  ottiers,  on  account  of  past 
ciations.  It  b  possible,  however,  that  there  is  some  funda- 
ital  difference  in  physiological  reaction  between  such  odors  as 
?  of  putrefaction  and  of  a  violet  which  may  l>e  considered  as  the 
5ol  the  difference  in  psychical  eflect.  It  has  Ijeen  f^uggc^ted,  for 
instanoc,  that  they  may  affect  the  circulation  in  the  brain  in  opposite 
wmys,  one  producing  an  increased,  the  other  a  decreased  flow. 
This  iinproliable  supposition  has  been  shown  to  Ik*  devoid  of  foun- 
dation by  theobsen'ationsof  Shicfds.*  In  hiscx|>erimcntxs  the  vascu- 
lar supply  to  the  skin  of  the  arm  was  dctonnined  by  pleihysmo- 
graphic  methods,  and  it  was  found  that  Ixjth  pleasant  (heliotrojie 
perfume)  and  unpleasant  (putrefactive)  o<lors  give  a  similar  vaseu- 
!  lion.     ICach  class,  if  ii  acts  at  all,  causes,  as  a  nde,  a  con- 

I  of  the  skin  vessels,  such  a^*  is  obtaine<l  normally  from  in- 

I  creftsc^l  mental  activity, — a  reaction  usually  interpreted  to  mean  a 
gn^ler  flow  of  bUxid  to  the  brain. 

Fatigue  of  the  Olfactory  Apparatus. — It  is  a  matter  of 
common  oliserx'ation  that  many  oflors,  such  as  the  i>erfumes  of 
flowers,  quickly  cease  to  give  a  noticeable  sensation  when  the  stimu- 
lation is  continued.  This  result  Is  usually  attributed  to  fatigue 
of  the  sense  cells  in  the  end-organ  and  it  is  noticeable  chiefly  with 
faint  odons-  One  who  sits  in  an  ill-vontilated  room  occupied  l)y 
many  persons  may  l>e  quite  unconscious  of  the  unpleasant  odor 
from  the  vitiate*!  air.  while  to  a  newcomer  it  Is  most  disiimt. 
It  is  said  that  certain  classes  of  odors  do  not  exhibit  this  property, 

,  — the  aromatic  odors,  for  ejcample,  such  as  are  caused  l>y  the  cam- 

[phor  group. 

•ShiplUs.  ".(ouraiiJ  of  Experimental  Medicine,"  1,  |S(Mj. 
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Threshold  Stimulus— Delicacy  of  the   Olfactory   Sense. — 

The  extraorUiiuir>-  delicacy  of  the  sense  of  smell  in  some  of  the  lower 
animals  is  seemingly  beyond  the  power  of  objective  measurement  or  ' 
expre^on.  The  ability  of  a  dog,  for  instance,  to  follow  the  trail  of 
a  given  person  depends  undoubtedly  upon  the  recognition  of  the 
intiivitlual  odor,  ami  the  actual  amount  of  olfactory  material  left 
upon  the  ground  which  sen'os  as  the  stimulus  must  be  infinile«i- 
nially  small.  Even  ia  ourselves  the  actual  amount  of  olfacton' 
material  which  suffices  to  give  a  distinct  sensation  is  often  beyond 
our  means  of  determination  except  by  the  aid  of  calculation.  It 
is  recognized  in  chemical  work,  for  instance,  that  traces  of  known 
substances  too  sniail  to  give  the  orilinar>'  chemical  reactions  may  be 
detectetl  easily  by  the  sense  of  smell,     l^y  taking  known  amounts 


Fis.  110. — Zwaardemaker's  oUaetomHcr. 


of  odoriferous  substances  and  diluting  them  to  known  extents  it  is 
possible  to  express  in  weights  the  minimal  amount  of  each  substance 
that  can  cause  a  sensation.  IJy  this  method  such  figures  a.s  the 
following  are  obtained:  Carttphor  is  jxrceived  in  a  dilution  of  1  jiart 
tn4tHJ.U(J<J;  nuisk.  1  parttoS.IMJ.iKH);  vanillin.  1  part  to  10.Uf>(J,00U: 
while,  acconling  to  the  experiments  of  Fischer  and  Penzoldt, 
mcn-aptan  may  be  detected  in  a  dilution  of  ^^TrnVinnr  ^^  ^  nulli- 
gram  in  I  liter  of  air  or  ^iny  ulrU'Trffir  "^  ^  milligmm  in  50  c.c.  of  air. 
Various  metho<ls  have  Invn  proposed  to  detenuine  the  relative 
delicacy  of  the  olfactory  sense  in  difTertmt  j)ersons.and  these  methods 
have  some  ap])licati(>n  in  the  clinical  diagnosis  of  certain  cafles. 
Zwaanjenmkcr  luis  devisee!  a  simple  a[)jmratus,  the  olfactometer, 
the  principle  nf  which  is  illustrated  in  l\.  116.  It  consists  of  an 
outside  cvlindcr     the  olfactory  cylinder  whose  inner  surface  is  of 
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poffoui^  material  wliieh  can  be  fil]c<i  with  a  known  strength  of  olfac- 
tory gjolution — and  an  inside  tube,  smelling  tulx?.  This  latter  is 
applied  to  the  nose  and  where  it  runs  inside  the  cylinder  it  is  gradu- 
ated in  centimeters.  It  is  evident  that  the  further  out  the  inner 
tube  is  pulled  the  greater  will  be  the  amount  of  olfactory  subfstance 
which  will  be  exposed  to  the  incoming  air  of  an  inspiration. 

Conflict  of  Olfactory  Sensations. — When  <lifTerent  o<Iors  are 
inhaled  simultaner)usiy  through  the  two  nostrils  they  may  give  rise 
to  the  phenomenon  of  a  conflict  of  the  olfactory  fields sinular  to  that 
dncribe<i  for  the  visual  fields.  That  is,  we  perceive  first  one  then 
the  other  without  obtaining  a  fused  or  compound  .sensation.  The 
result  depends  largely  on  the  odors  selected.  In  some  castas  one 
odor  may  prwiominate  in  consciousness  to  the  entire  suppression 
erf  the  other. — a  phenomenon  whiRh  also  ha-s  an  analog^'  in  binocular 
flomtioas.  It  Ls  well  known.  alsr>.  that  certain  oilors  antagonize  or 
matralize  others.  It  is  said,  for  instance,  that  the  odor  of  iodofonn, 
usually  so  persistent  and  so  disagreeable,  may  be  neutralized  by  the 
addition  of  Peru  balsam,  and  that  the  odor  of  carbolic  acid  may 
dastiDV  that  of  putrefactive  processes.  Wliether  the  neutralization 
is  oC  A  chemical  nature  or  is  physiological  does  not  seem  to  have 
been  definitely  ascertained. 

Olfactory  Associations. — Personal  experience  shows  clearly 
[  that  olfactory  sen;sations  arouse  niunennis  ftssociation*s — our 
Ifactorv'  memories  are  good.  On  the  aimtomieal  side  the  enrtif-al 
ernter  in  the  hippocampal  lobe  is  known  to  Iw»  widely  connected 
with  other  parts  of  the  cerebrum,  and  we  have  in  this  fact  a  ba.sis  for 
the  extensive  associations  connected  with  odors.  In  animals  like 
the  dog,  with  highly  developed  olfactor>'  orgaa*«,  it  is  evident  that 
this  sense  must  play  a  corn^spondingly  large  part  in  the  j)sychical 
Je.  In  such  animals  a^  well  as  among  the  invertel)rates  it  is  in- 
timately connected  with  the  sextial  reflexes,  and  some  remnant  of 
[ii«  relationship  is  obvious  among  human  beings.  Among  the  so- 
called  special  senses  that  of  .smell  is  perhaps  the  one  most  closely 
fonnect^nl  with  the  Uxlily  ap[>etite,s.  and  overgratifieation  or  over- 
indulgence of  this  sense,  according  to  historical  evidence,  has  at  least 
been  Baaoeiateil  \uth  periods  of  marked  decadence  of  virtue  among 
driliaed  nations. 


PHYSIOLOGY  OF  THE  EYE. 

The  eye  is  the  peripheral  organ  of  vision.  By  means  of  its 
peculiar  physical  structure  rays  of  light  from  external  objects  are 
focused  upon  the  ri^tina  anil  there  set  up  nerve  impulses  that  are 
transniittetl  by  tlie  fibers  of  the  optic  nerve  and  optic  tract  to  the 
\'isual  center  in  the  cortex  of  the  brain,  where  they  arouse  that 
reaction  in  consciousness  which  we  designate  as  a  visual  sensation. 
In  studying  the  physiology  of  xision  we  may  consider  the  eye  first 
as  an  optical  instrument  physically  athipted  to  I'onn  an  image  on 
the  retina  and  provided  with  certain  physiological  mechanisms  for  its 
regulation;  and  secontUy  we  may  study  the  properties  of  the  retina 
in  relation  to  its  reactions  to  light  and  the  visual  sensations  them- 
selves, or  the  physiology  of  the  visual  center  in  the  brain. 


CHAPTER  XVn. 


THE  EYE  AS  AN  OPTICAL  INSTRUMENT^DIOPTRICS 
OF  THE  EYE, 


Formation  of  an  Image  by  a  Biconvex  Lens,— That  the  re- 
fractive surfaces  of  the  eye  form  an  image  of  external  objects  upon 
its  retinal  surface  is  a  necessary  conclusion  from  its  physical  struc- 
ture. The  fact  may  be  demonstrateil  directly,  however,  by  ol>- 
servation  upon  the  excised  eye  of  an  albino  rabbit.  The  thin  coats 
of  such  an  eye  are  semitransparent,  and  if  the  eye  is  placed  in  a  tube 
of  blackened  pajXT  and  held  in  front  of  one's  own  eyes  it  can  be  seen 
readily  that  a  smalL  inverted  imajre  of  external  objects  is  formed 
upon  the  retinal  surface,  just  as  an  inverted  image  of  the  exterior  is 
formed  upon  the  gnumd  K^a^^s  plate  of  a  photographic  camera.  This 
image  is  formed  in  the  eye  by  virtue  of  the  refractive  surfaces  of  the, 
cornea  and  thi^  lens.  The  curved  suriacesof  these  transparent  bo<iiea 
act  substantially  like  a  convex  glass  lens,  and  the  physics  of  the 
formation  of  an  image  by  such  a  lensgive^  the  simplest  explanation 
of  the  refractive  processes  in  the  eye.  To  understand  the  formation 
of  an  image  by  a  biconvex  lens  the  following  physical  facts  must  be 
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f  in  mind.  Parallel  rays  of  light  falling  upnn  one  surface  of  the 
mre  brought  to  a  point  or  focus  {F)  behind  tho  othor  surface 
long.  1 17).  This  focus  for  parallel  rays  is  the  princifMtl  focuit  and  the 
Idistance  of  this  point  from  the  leas  is  the  principal  joail  distance, 
iThis  distance  depends  upon  the  curvature  of  tlic  lens  and  its 
fr»cti\'e  power,  as  measured  by  the  refractive  index  of  the  material 
which  it  is  composed.  Parallel  rays  are  j^iven  Iheoretically  by  a 
of  hght  at  an  inhnite  distance  in  front  of  the  lens.  Practi- 
[eally  any  luminou.s  object  not  nearer  than  twenty  feet  ^ves  parallel 
ni>^     On  the  other  hand,  if  a  luminous  object  is  placed  at  F  the  rays 


Fjc  X17.— DUicrams  to  illustrate  the  reTr&rtioD  nf  licht  by  :  codt«x  lens;  a..  R«fnc- 
ovianUel  tmy,  b.,  refr&ctinn  of  divertrent  ravH:  c.  refraction  of  divergent  raya  from 
point  n«ar«r  ihao  the  princicnl  focal  distanoe. 


from  il  that  strike  u|)on  the  leas  will  emerge  from  the  other  surface 
ma  parallel  ra>*sof  light.  If  a  luminous  point  (/.  Fig.  117)  is  placed 
in  fnnit  of  such  a  lens  at  a  distance  greater  than  the  principal  focal 
distance,  hut  nearer  than  alx>ut  twenty  feet,  the  cone  of  diverging 
rtt>'s  from  it  that  impinj^es  upon  the  surface  of  the  lens  will  bo  brought 
to  a  focus  (/')  further  away  than  the  principal  focus.  Conversely 
the  rays  from  a  luminous  point  at  /'  will  l>e  brought  to  a  focus  at  /. 
Thcst*  points.  /  uufl  /'.  are  therefore  spoken  of  as  conjugate  foci. 
All  luminous  points  within  the  limits  specified  will  have  their  ror- 
ifC^xmding  conjugate  foci,  at  which  their  images  will  be  formeti  by 
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the  Jens.  I^astly,  if  a  luminous  point  is  placed  at  r,  Fig.  117,  nearer 
to  the  lens  than  the  principal  focal  distance,  the  cone  of  strongly 
divergent  rays  that  falls  tifwn  the  lens,  althou|a:h  refracted,  is  still 
divergent  after  leavinj^  the  lens  on  the  other  side  and  consequenth' 
is  not  focuse<l  anil  forms  no  real  image  <*(  the  point.  For  every  lens 
there  is  a  point  knowTi  as  the  optical  center,  and  for  biconvex  lenses 
this  point  lies  within  the  lens,  o.  The  line  joining  this  center  and 
the  principal  focus  is  the  principal  axis  of  the  lens  (o-F.  Fig.  117). 
All  other  straight  lines  passing  through  the  optical  center  are  kno^Mi 
as  sfcomlary  azrs.  Rays  of  light  that  are  coincident  with  any  of  these 
secondary  axes  suffer  no  angular  deviation  in  parsing  through  the 
lens;  they  emerge  parallel  to  their  line  of  entrance  and  practically 
unchanged  in  direction.     Moreover,  any  luminous  point  not  on  the 


Vig.  118.— DiaKrain»  to  ilta-tratp  the  foimatinn  of  an  bnai^  by  a  bieoovex  lens:    a.  For- 
mation of  the  image  uf  b  i>4iirit;   6,  (ormution  uf  the  ttnugmm  of  a-tienes  of  poiolB. 


principal  axis  will  have  its  image  (conjugate  focus)  formed  some- 
where upon  the  secondary  axis  clra\\Ti  from  this  point  through  the 
optical  center.  The  exact  position  of  the  image  of  such  a  point 
can  be  determined  by  the  following  construction  (Fig,  118) :  I^t  A 
represent  the  luminous  point  in  ([uestion.  It  will  throw  a  cone  of 
rayt?  up(^n  the  lens,  the  limiting  rays  of  which  iuhv  l>e  represented  by 
.1-/'  and  A-c.  ( )neof  these  rays  will  be  parallel,  .l-p,  and  will  therefore 
pass  through  the  principal  focus.  F.  If  this  distance  is  determine*! 
and  is  indicated  projjerly  in  the  constniction.  the  line  .4-pmay  be 
drawn,  as  indii-ated.  so  as  to  pass  through  F  after  leaving  the  lens. 
The  jx»int  at  which  the  pnjlungation  of  this  line  cuts  the  secondary- 
axis,  ^4-0,  marks  the  conjugate  focus  of  .1  and  gives  the  position  at 
which  all  of  (he  rays  will  be  focused  to  form  the  image,  a.     In 
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ralrulating  the  position  of  the  imago  of  any  object  in  front  of  the 
the  same  method  may  be  followed,  the  construction  being  draiA-n 
drlermine  the  images  for  two  or  more  liniiliiig  points,  as  shown 
Hg.  1 18.  I^t  A'B  be  an  arrow  in  front  of  the  lens.  The  image 
A  will  be  formed  at  a  on  the  secondary  axis  .4-<;,  and  the  image  of 
B  at  h  along  the  secondary  axis  B-^k  The  images  of  the  intervening 
ints  will,  of  course,  lie  between  a  and  b:  so  that  the  image  of  the 
tiro  object  will  be  that-  of  an  inverted  arrow.  This  iina^e  may  l^e 
ht  on  a  screen  at  the  distance  indicated  by  the  construrticm  if 
the  latUT  is  draNXTi  to  scale.  The  principal  focus  of  a  convex  lens 
niay  be  determine<i  experimentally  or  it  may  be  calculated  from  the 
^-  J,  in  which  /  represents  the  principal  focal  dis- 
and  p  and  pV  the  conjugate  foci  for  an  objec:t  farther  away 
the  principal  focal  distance.  That  is.  if  the  distance  of  the 
ibj<*ct  from  the  lens,  p,  is  kni>wn.  and  the  distance  of  its  image,  p'. 
diM^nnined  experimentally,  the  principal  fnral  distance  of  the 
/,  may  be  determinctl  by  the  forniufa,  or  if  any  two  of  the  fac- 
4  p,  p\  and  /.  arc  known  the  third  may  be  reckoned  f nun  the 
formula. 

Formation  of  an  Image  by  the  Eye.— As  stated  nhove,  the  re- 
fractive surfaces  of  the  eye  act  essentially  like  a  convex  lens.  As  a 
matter  of  fact,  these  refractive  surfaces  are  more  complex  than 
in  the  case  of  the  biconvex  lens.  In  the  latter  the  rays  of  light 
differ  refraction  at  two  points  only.  Where  they  enter  the  lens 
they  pass  from  a  rarer  to  a  denser  medhim  and  where  they  leave  the 
lens  they  pass  from  a  denser  to  a  rarer  medium.  At  these  two 
points,  therefore,  they  are  refracte<l.  In  the  eye  there  is  a  laiger 
■eries  of  refractive  surfaces.  The  light  is  refracted  at  the  anterior 
-VUTfaoe  of  the  cornea,  where  it  passes  from  the  air  into  the  denser 
ineilium  of  the  cornea;  at  the  anterior  t^urface  of  the  lens,  where  it 
enters  a  denser  medium;  and  at  the  posterior  surface  of  the 
where  it  enters  the  less  dense  vitreous  humor.  The  relative 
i^fractive  powers  of  these  flifFerent  media  have  been  detemiine<l 
and  are  expressed  in  terms  of  their  n*fractive  indices,  that  of  air 
bdng  taken  as  unity.* 

'ITje  three  points  at  which  the  light  is  refracted  are  indicateti 

•  The  term  index  of  refraction  expr«*w»R  the  confftt&nt  ratio  Ix'tween  the 
I  of  incidence  and  of  refraction,  or  spocificjUIy  hctwccn  the  sine  of  I  he 

f  of  incidence  nnd  the  .sine  of  the  anide  of  refraction:   -r- —    —  index  of 

sme  r 
ffmrrion. 

Index  of  refraction  for  air.  =1 
Indox  of  rpfriictton  for  eomea  iiiu!  u<|ueous  hii- 

iimr -   LaSM 

Index  of  refniction  for  crystalline  lens, . .  --=   I.4.S71 

Tndox  of  rrfrnetion  for  vitreous  humor -    I  .Xi(}S 
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Fin.  1 19. 
refracted. 


-Diacrarn  to  UluKtratc  tlie  Mirf»cei« 
in  the  eye  at  whicE  tbe  raytf  of  light  are  chiefly 


in  the  accompanying  schema  (Fig,  119).     The  refractive  surfaces^ 
of  the  eye  may  be  considered  as  lieing  composed  of  a  concavo-convex 
lens,  the  comea  and  aqueous  humor,  and  a  biconvex  lens,  the 
crystalline  lens.     In  a  system  of  this  kind,  composed  of  several 
refractive  media,  it  has  Ijeen  shown  that  to  construct  geometrically 

the  i>ath  of  the  rays  it  is 
nf*cessar>'  to  know  six 
ix>inti* ;  these  are  the  six  car- 
dinal points  or  optical  con- 
.siants  of  Gauss, — namely, 
the  anterior  and  the  poste- 
rior focal  distance,  the  two 
nodal  points,  and  the  two 
principal  points.  So  far 
as  the  eye  is  concerned,  it 
has  l>een  shown  that  the 
path  of  the  rays  of  light 
may  be  represented  with  sufficient  accuracy  by  employing  what  is 
known  aa  the  reduced  si'hematic  eye  of  Listing,  in  which  the 
refraction  is  supposed  to  take  place  at  a  single  convex  surface 
separating  two  media,  the  air  on  one  side  and  the  media  of  the  eye 
on  the  other,  the  hittor  having  a  refractive  in<lex  of  1.33  (see  Fig. 
120).  In  this  reduced  eye  the  position  of  the  ideal  refracting 
surface  lies  in  the  aqueous  humor,  at  a  distance  of  2.1  mms.  frxam 
the  anterior  surface  of  the 
cornea,  and  the  position  of 
the  nodal  point  or  optical 
center — that  is,  the  center 
of  curvature  of  the  ideal 
refracting  surface,  c',  lies  in 
the  crystalline  lens  at  n,  a 
distance  of  7.3  mms.  from 
the  anterior  surface  of  the 
comea.  I'he  principal  focal 
distance  for  this  n^frarting 
surface  lies  at  a  distance  of 
22.8  mms.  behiml  the  ante- 
rior surface  of  the  comea  or 
(22.8  —  7.:?)  at  a  riistance  of 
15.5  mms.  Ijehind  the  nodal  point.  In  the  eye  at  rest  this  principal 
focal  distance  coincides  with  the  retina,  since  the  refracting  surfaces 
in  the  normal  resting  eye  are  so  fomfied  that  parallel  rays  (rays 
from  distant  objects)  are  brought  to  a  focus  on  the  retina.  To 
show  the  formation  of  the  image  of  an  external  object  on  the  retina 
it  8ufl5c€8,  therefore,  to  use  a  construction  such  as  is  represented  in 


FiK.  120. — Diairram  toiliuHirate  the  retiuced 
or  schematic  e>*e  with  a  sinRle  refractinK  5ur{ace 
aeparating  two  media  of  different  deiiaitiea:  c'. 
the  ideal  refmctinic  surface  situated  2.1  mtim- 
behind  tbe  anterior  surface  of  real  comes;  n, 
llie  Dodai  point,  or  center  of  cur\*ature  of  1h« 
surfaoe  c',  and  15.5  mma.  in  front  of  retiiu. 
The  eyeball  i»  dupposed  to  be  filled  with  a  uni- 
rorrn  substance  havinic  a  refractive  index  of  1.33. 
equal  to  that  of  the  \'itreou«  homor. 
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Fig.  121.     Secondary  axes  arc  drawn  from  the  limiting  point-s  of  the 
object — .4   and   B — through  the  nodal  point.     Where   these  axes 
cut  the  retina  the  retinal  image  of  the  object  will  U:*  fonuetl.     That 
m,  an  the  rays  of  light  proceeiling  fmin  A  that  i>enetrate  the  eye  will 
be  focused  at  a,  and  all    proceeding  fn)in  B  at  6.     The  image  on 
the  retina  will  tlierefore  be  inverted  and  will  be  snmller  than  the 
t>}cct.    The  angle  formed  at  the  nodal  point  by  the  lines  A-n  and 
-«  is  known  as  the  visiuil  angle;  it  varies  inversely  with  the  Jis- 
of  the  object  from  the  eye. 
The  Inyersion  of  the  Image  on  the  Retina. — Although  the 
tniBgw  of  external  objects  on  the  retina  are  inverted,  we  see  them 
cpect.     This  fact  is  easily  understood  when  we  remember  that  our 
actual  viKual  sensations  take  place  in  the  brain  and  that  the  pro- 
jection of  thest^  sensations  to  the  exterior  is  a  secondary'  act  that  has 
been  learned  from  experience.     Exjjerience  ha.s  taught  us  to  project 
the  visual  aen-sation  arising  from  the  stimulus  of  any  given  (K>int  on 
(the  retina  to  that  part  of 
the  exi4Tnal  world  irom 
which  the  stimtilus  arises, 
.-—that  is.  to  the  lumin- 
FooR  point  giving  origin  to 
the  light  rays.     Accord- 
>  ing  to  the  physical  prin- 
[lesplee    described    above, 
image  of  such  a  point 
be  formed  on    the 
irtina  where  the  second- 
I  ary  axis  from  that  point 

gh  the  notlal  point  touches  the  retina.      In  projecting  this 
retinal  stimulus  outward  to  its  source,  therefore,  we  have  learned 
to  project  ii  back,  as  it  were,  along  the  line  of  its  secondarj'  axis. 
In  Fig.  121  the  retinal  stimulus  at  a  is  projected  outward  along 
.the  Ime  a-n-.4,  and  to  such  a  distance  as,  from  other  sources,  we 
Ite  the  object  .4  to  be.     This  law  of  prt>jeclion  is  fixed  by 
['experience,  but  it  imphes,  as  will  be  noted,  that  we  are  conscious 
|4kf  the  differences  in  sensation  aroused  by  stimulation  of  different 
IpartB  of  the  retina.     Considering  the  retina  as  a  sensory  surface, 
I — like  the  skin,  for  instance, — each  point,  sj^eaking  in  general  terms, 
imay  \ie  assumed  to  be  connected  with  a  definite  jwrtion  of  the 
cortex,  and  the  sensation  aroused  by  the  stimulation  of  these  dif- 
ferent pointi*  must  differ  to  some  extent  in  consciousness,  each  has 
iit»  local  sign.     The  sensations  arising  from  each  of  these  {x^ints  we 
ive  learned  to  project  outward  into  the  external  world  along  the 
f  fmm  it  to  the  nodal  |X)int  of  the  eye,  because  under  the  normal 
conditions  of  life  this  point  is  stimulated  only  by  externa!  objects 


Fift-  1*1- — DiBfCT&m  to  illustrale  the  cimfftme* 
tion  ne<«MUiry  lo  detennine  the  locatiuo  and  lue  of 
the  retinal  inia^C 
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situated  on  this  line.  This  law  of  projection  is  so  firmly  fixed  thai 
if  a  given  |x>int  in  the  retina  Ls  stimulated  in  some  unusual  way 
we  still  project  the  ^«i^sultiMg  sensation  outward  according  to  the 
law,  and  thus  make  a  false  projection  and  interpretation.  For 
instance,  if  the  little  finder  is  inserted  into  the  irmer  and  lower  angle 
of  the  eye  and  is  f)n'sscd  u[K>n  the  eyeliall  the  edge  of  the  retina  is 
stimulated  nierlianieaJly,  One  ex|X;riences,  in  conH^quence,  a 
visual  sensiitioii,  known  iu<  a  phosphene.  consisting  of  a  dark-blue 
spot  surrounded  by  a  light  halo.  This  sensation,  however,  is 
projected  out  towanl  the  upper  and  outer  angle  of  the  eye,  accord- 
ing to  the  law  of  |)mjectii>ii,  since  normally  this  jjari  of  the  retina 
is  only  stimuliited  f)v  light  coming  frr^m  t^uch  a  direction,  A  similar 
error  in  projection  is  ohtainod  by  holding  objects  so  clone  to  the  eye  , 
that  a  physical  inverted  image  cannot  be  formed,  but  only  an  erect] 
shadow  image.  This  experiment  may  Ijc  jx^rfonned  a^  follows: 
Hold  the  Iieacl  of  a  jiin  close  to  the  eye,  and.  in  order  that  a  sharp! 
shadow  may  be  thrown,  allt>w  the  light  to  fall  on  this  pin  through 
a  pinhole  in  a  card  held  somewhat  furtlier  from  the  eye.  Hy  tliis 
means  an  erect  shadow  of  the  jiin,  lying  in  the  circle  of  light  from 
the  hole,  will  be  thmwn  on  the  eye.  This  shadow  image  will  l)e 
projected  outward  according  to  the  usual  law,  and  eonse(|uenily 
will  appear  inverte<l. 

The  Size  of  the  Retinal  Image. — The  size  of  the  image  of  an^ 
object  on  the  retina  may  be  rt'ckoned  easily, provided  the  size  of  the 
object  and  its  (iistance  fn)m  the  eye  is  known.     As  will  be  seen  from 
the  conslnietion  given  in  Fig.  121,  the  triangles -4-?(-Z^  and  f(-ri-6  are 
sj'mmetriea!;  consequently  we  have  the  ratio: 


a-h 


A-u 


a-b 
Sige  of  object 
Sise  of  image    " 


A-u   : 
tliat  is 


U-II 


or 


Distance  of  object  from  uodul  point. 
Distance  of  imAgc  frnm  nn<lal  point. 
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Ab  was  stated  above,  the  dLstance  of  the  image  from  t!ie  nodal 
point — that  Is,  the  distance  of  the  retina  from  the  nodal  [X)mt  — 
may  be  placed  at  15.o  t>r  15  mms.  Consequently,  thn^eof  the  factors 
in  the  above  equation  being  known>  it  is  ea.sily  8<7lved  for  the  un- 
known factor — namely,  the  size  of  the  image  on  the  retimi.  To 
take  a  concn^te  example;  suppose  it  is  ilesired  to  know  the  size  on 
the  retina  of  the  imasre  made  by  an  object  120  feet  high  at  a  distance 
of  f»ne  mile  (52S{)  ffi-t).  If  we  designate  the  size  of  the  bnage  as  x 
and  substitute  the  known  values  for  the  other  terms  of  the  equation, 

we  have 


120        52K0 


.  or  X 


,-  .»j.  *  -  l).34l  mni..  which  is  about  the  diame- 

X  lO 

ter  of  the  fovea  centralis.      The  retinal  image  of  the  object  in 
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this  ctoe  would  lx»,  in  round  numbers,  about  jinFVirff  of  the  actual 
mae  of  the  object. 

Accommodation  of  the  Eye  for  Objects  at  Different  Dis- 
tances.— The  normal  or»  as  it  is  sometimes  named,  the  emmetmpic 
eye,  is  arranged  to  focus  parallel  rays  more  or  less  accurat<^ly  upon 
tbe  retina.  That  is,  the  refractive  media  have  such  curvatures  and 
denflities  that  parallel,  or  substantially  j^arallel  rays  are  brought  to 
a  forus  upon  the  retinal  surface.  When  object*;  are  brgught  closer 
to  the  eye,  however,  the  rays  proceeding  frr>m  them  t>ecome  more 
mnd  more  divergent.  If  the  eye  renmins  unchanged  the  refracted 
imy»  cut  the  retina  l>efore  coming  to  a  focus — ^so  that  each 
lumixx>us  point  in  the  object,  instead  of  forming  a  point  upion  the 


f%.  121. — Ducrmm  «xpUinini;  the  change  in  the  poeitton  of  the  ima£«*  reflected  from  tba 
anteiior  niruce  of  the  crysuJline  lens. — {IViUioms,  after  Uondtrt.) 


Idttna,  fonns  a  circle,  known  as  a  diffusion  circle.  As  this 
m  true  for  each  point  of  the  object,  the  retinal  image  as  a  whole 
is  blurred.  We  know,  however,  that  up  to  a  certain  pwint 
at  least  this  blurring  docs  not  occur  when  the  object  is  bmught 
doeer  to  the  eyes.  The  eye,  in  fact,  acconmK)(Jates  itself  to  the 
Mftrer  object  sci  as  to  obtain  a  clear  focus.  In  a  photographic 
camera  this  accommodation  or  focusing  is  effected  by  moving  the 
ground  glA.ss  plate  farther  away  as  the  object  is  brought  closer  to  the 
len.  In  the  eye  the  same  result  is  obtained  by  increasing  the  cur\'a- 
ture  and  therefore  the  refractive  |iower.  of  the  lens.  That  a  change 
in  thclea«  is  the  essential  factor  in  accommodation  for  near  objects 
is  demonstrated  bv  a  sample  and  conclusive  experiment  devised  by 
19 
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Helmholtz  with  the  aid  of  what  are  known  as  the  images  of  Pur- 
kinje.  The  principle  of  this  experiment  is  represented  by  the  dia- 
gram given  in  Fig.  122.  The  eye  to  he  obser\'ed  is  relaxed; 
that  is,  gazes  into  the  distance.  A  lighted  candle  is  held  to  one 
Mdc  as  represented,  and  the  observer  places  his  eye  so  as  to 
catch  the  light  of  the  candle  when  reflected  from  the  obser%'ed  eye. 
With  a  little  practice  and  under  the  right  conditions  of  illumina- 
tion the  obsen'er  will  bo  able  to  .see  three  images  of  the  cantlle  re- 
flected from  the  observed  eye;  one,  the  brightest,  is  reflected  from 
the  convex  surface  of  the  coniea  (a,  Fig.  123,  A) ;  one  much  dimmer 
and  of  larger  size  is  reflected  from  the  convex  surface  of  the  lens 
(b,  Fig.  123,  -1 ).  This  image  islurgf-r  anrl  fainter  because  the  re- 
flecting surface  is  less  curved.  The  third  image  (c,  Fig.  123,  A) 
is  inverted  and  is  smaller  and  brighter  than  the  second.  This 
image  is  reflected  from  the  i)r>sierior  surface  of  the  lens. which  acts, 
in  this  instance,  like  a  concave  mirror.     If  now  the  observed  eye 

A  B 

Fig.  123. — lUaeotfld  Imaora  of  a  candle  flame  u  wen  in  the  pupil  uf  an  eye  at  rast  and 
aooommodatod  tut  aear  objecto.— lH'i//tum«.) 


gazes  at  a  near  oljjeet  it  will  lie  noted  (Fig.  123,  B)  that  the  first 
image  does  not  change  at  alb  the  third  image  also  remains  practi- 
caDy  the  same,  but  the  middle  image  (6)  becomes  smaller  and  ap- 
proaches nearer  to  the  first  {n).  This  Result  can  only  mean  that  in 
the  act  of  accommodation  the  anterior  surface  of  the  lens  becomes 
more  convex.  In  this  way  its  refmctive  jx»wcr  is  increased  and  the 
more  divergent  rays  fn)m  the  near  object  are  focused  on  the  retina. 
Helmhohz  hiis  shown  that  tl»e  cun-ature  of  the  posterior  surface 
of  the  lens  is  alK)  increased  slightly ;  but  the  change  is  so  slight  that 
the  increa^sed  refractive  i)ower  is  referreil  cliiefly  to  the  change  in 
the  anterior  surface.  The  means  by  which  the  change  is  effected 
was  first  explained  satisfactorily  by  Hehnholtz.*  He  attributed 
it  to  the  contraction  of  the  ciliary  mu.scle.  This  small  muscle, 
composed  of  plain  muscle  fibers,  is  found  within  the  eyeball,  lying 

♦Helmholtz,   "Hantibuch  der  phyeiologischen   Optik,"   socond   edition, 
1896, 
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between  the  choroid  and  the  sclerotic  coat  at  the  pomt  at  which  the 
adeiolic  passes  into  the  conica  and  the  <?hon)id  falls  ink)  the  ciliary 
prooeases*  Some  of  its  fibers  take  a  more  or  les.s  circular  direction 
aiound  the  eyeball,  reficmhling  thus  a  sphincter  muscle,  while  others 
lake  a  radial  dirvetion  in  the  plane  of  the  meridians  of  the  eye  and 
have  their  insertion  in  the  choroid  coat  (Tig.  124).  When  this 
muscle  contracts  the  radial  fibers  especially  will  pull  forward  the 
rcboToid  cx>at.  The  eflfect  of  this  change  in  the  t'hon>id  is  to  loo.sen 
|thc  pull  of  the  suspensory  ligament  (zonula  Zinnii)  on  the  lens  and 
i  ofgan  then  bulges  forward  by  its  own  elasticity.  The  theory 
that  in  a  condition  of  rest  the  susjjensor}-  ligament,  which 
rutts  from  the  ciliary  processes  to  the  capsule  of  the  lens,  exerts  a 


Plcrn«n  t  -free      Ciliary     Ri>rr)er 
rrith«liiun.       prooeaa.  of  tris. 


Ciliary  tuuscle. 
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V|^  lAi. — Memtioiu]  wdion  of  eyeluUI  aft«r  retnovnl  nf  wlnrotie  ocmt,  eome&,  and  iris, 
to  »how  the  po«ltirtfi  of  the  dliury  muscle. — (ScAuJiw.) 


sion  upon  the  lens  which  keejjs  it  flattened,  particularly  along 
its  anterior  surface,  since  the  ligament  is  attachetl  more*  to  this  side. 
When  this  tension  is  relieved  indirectly  by  the  contraction  of  the 
reiiiaiy  muscle  the  elasticity  of  the  lens,  or  rather  of  the  capsule  of 
\  lens,  causes  it  to  assume  a  more  spherical  shape  along  its  anterior 
face,  and  the  amount  of  this  change  is  proportional  to  the 
rertent  of  contraction  of  the  muscle.  Other  theories  have  been 
proposed  to  explain  the  way  in  which  the  contraction  of  the  ciliary 
He  effects  a  change  in  the  cun'ature  of  the  lens,*  but  none  is 
» Bimple  and,  on  the  whole,  so  satisfactory  as  the  one  suggestetl  by 
Helmhollz. 

•  Sw  TocheminR.  "Optiquc  phvsioloeique."  Paris,  1898;    and  Schocn, 
''Ardiiv  r.  die  geaammte  Physiologie,"  59,  427,  1805. 


Limtt  of  the  Pover  of  AccocmnofUtioa — ITear  Point  of 
Dirtiact  Viiioa. — Wbea  an  object  is  bnx^hi  doaer  and  cloeer  to 
the  eye  a  point  wiD  be  reached  at  which  H  b  imposEible  by  the 
■Uoogest  eontxaetaon  of  the  cihaiT  nmade  to  obtain  a  clear  ima^ 
of  the  ob|eci.  The  imjv  from  H  aie  so  dsvexgenx  that  the  ref rarti\-e 
•Bvfoeea  are  unable  to  bong  them  to  a  focus  on  the  ipiina.  Each 
huuiuw  point  makca  a  diffuaoa  csrcie  on  the  retina,  and  the 
whole  iniage  is  mrBsttiirt,  The  distaiice  at  vhich  the  e>'e  is  just 
able  to  aceommodale  and  inthin  which  distinct  risioD  is  impos- 
riUe  is  eaOed  the  mmr  foimU  Oboerratioii  sfaoirs  that  this  near 
point  vaiies  ateacfiir  with  age  and  becomes  npidl>-  greater  in  di^ 
tanee  bctweeo  the  fortieth  and  the  fiftieth  year.  In  the  case  of  the 
DOfrmal  eye  the  rsoeaBkm  of  the  near  point  varies  &o  regularly  ^ith 
age  that  it  is  said  that  its  detcnnination  may  be  ufcd  to  estimate  the 
age  of  the  individtial.     Figures  of  this  kind  are  given: 
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This  graiiuaJ  If  n^thening  of  the  near  point  is  expLiinecl  usually 
by  the  supjxisition  that  the  lens  loses  its  elasticity,  su  that  con- 
traction of  the  ciJian*  muscle  has  less  and  less  effect  in  causing  an 
increase  in  its  curvature.  The  process  starts  vciy  eariy  in  life, 
and  is  one  of  the  many  facts  which  show  that  senescence  begins 
practically  with  l»Lrth.  The  change  in  near  point  in  early  life  is  so 
alight  ae  to  escape  notice,  but  after  it  reaches  a  distance  of  about 
25  cm.  (about  10  inches)  the  fact  obtrudes  itself  upon  us  in  the  use 
of  our  eyes  for  near  objects, — reading,  for  example.  The  condition 
is  then  designated  as  old-sightedncss  or  pre^opia.  Most  normal 
cypH  befrnme  sr)  dl*Jtinctly  presbyopic  between  the  fortieth  and  the 
fiftieth  year  as  to  require  the  use  of  glasses  in  reading.  U  no  other 
defect  exists  in  the  eye,  this  deficienc}'  of  the  lens  is  readily  over- 
come by  using  suitable  convex  glasses  to  aid  the  eye  in  focusing 
the  rays.  It  is  obvious  that  in  such  cases  the  glasses  need  not  be 
iwsed  except  ff»r  near  work. 

Far  Point  of  Distinct  Vision. — The  normal  eye  is  so  adjusted 
that  parallel  rays  are  brought  to  a  focus  on  the  retina.  The  far 
point  is  therefore  theoretically  at  infinity.  Objects  at  a  great 
distance  are  seen  distinctly,  as  far  as  their  size  permits,  without 
accommoflation, — that  is,  with  the  eye  at  rest.  Practically  it  is 
found  that  objects  at  a  distance  of  6  to  10  meters  (20  to  30  feet)  send 
rays  that  arc  sufficiently  parallel  to  focus  on  the  retina  without 


I 


» 
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mnacular  effort  on  the  part  of  the  eyes, and  this  distance,  therefore,  M 
ttwamires  the  practical  far  point,  punctutn  rvnwtum,  of  the  normal  " 
eye.     The  rays  at  tins  distance  arc,  in  reality,  somewhat  divei^gent, 
and  thjit  they  produce  a  distinct  imago  \nthout  an  act  of  accom- 
modation may  l*e  due  to  the  fact  that  the  rods  and  cones,  the  really 
«eantive  part  of  the  retina,  do  not  form  a  mathematical  plane,  but 
have  a  certain  thickness  or  depth.     In  the  fovea  centralis,  for  in- 
staace,  the  cones  have  a  length  estimated  ((Jrecff)  at  So  /x  (0.085 
mm.),  and  ^ince  the  displacement  of  the  ft>cus  of  an  object  moved 
from  an  infinite  distance  (parallel  rays)  to  6  or  10  meters  from  the  ^ 
eye  is  leas  than  tliis  amount,  the  focuscti  image  would  continue  to  ■ 
fall  on  some  part  of  the  cones  without  the  aid  of  the  mechanism  of 
accommodation. 

The  Refractive  Power  of  the  Surfaces  in  the  Eye. — The  I 
rrfractive  |>owcr  of  lenses  is  expressed  usually  in  tcnns  of  their  ■ 
principal  focal  distance,  a  lens  with  a  distance  of  one  meter  Joeing 
takeA  as  the  unit  and  designated  as  having  a  refractive  (xiwer  of  one 
diopter,  1  D.  Compared  with  this  unit,  the*  n'frartive  povwrof  lenses 
is  expressed  in  terms  of  the  reciprocal  of  their  [irincipal  focal  dis- 
tance measured  in  meters;  thus;  a  lens  with  a  principal  focal  dis- 
tance of  1*5  meter  is  a  leas  of  10  fliopters,  10  I).,  and  one  with  a  focal 
distance  of  10  meters  is  -^^  diopter  (0.1  1>.).  The  posterir^r  prin- 
cipal focal  distance  of  the  comhination  of  refnictive  surfaces  in  the 
ere  u  22.7  mms. or  j^  metera.  The  reciprocal  of  this  length  of  focus, 
}^  or  44.05  D., expresses  the  refractive  power  of  the  eye  under  the 
normal  conditions  in  which  the  rays  are  refracted  into  the  dense 
vitreous  humor.  As  compared  with  a  lens  in  air,  the  refractive 
power  of  the  eye  would  ho  expressed  by  multiplying  this  figure  by 
the  index  of  refraction  of  the  vitreous  humor,  44.05  X  1  .-^005  =  58.8 
Dm  the  6gure  usually  given  to  express  the  total  rt^fractivc  power. 
The  refractive  power  of  the  cn'stalline  lens  alone  is  16  D.;  that  of 
the  cornea.  43  I>. ;  hence  the  latter  surface  has  about  two  and  one- 
half  times  (he  refractive  power  of  the  lens.  KeniovaJ  of  the  lens, 
therefore,  as  in  cataract  operations,  does  not  lessen  the  refractive 
power  of  the  eye  so  much  as  when  the  action  of  the  cornea  is  de- 

yod,  as  hapf>ens  in  part  when  the  hea<l  is  immersed  in  water. 

Optical  Defects  of  the  Normal  Eye, — The  rt^fractive  surfaces 
of  the  eye  exhibit  .some  of  the  optical  defects  eonmionly  noticed 
in  leoaes,  particularly  those  defects  known  a^  chn)matic  and  spherical 
aberration.  White  light  is  composed  of  ether  waves  of  different 
lengths  and  different  rapidities  of  vibmtion.  the  shortest  waves  being 
those  at  the  violet  end  of  the  sj^ectnmi  and  the  longest  those  at  the 
red  end-  In  {mssing  through  a  prism  or  lens  these  waves  are  re- 
fnurted  unequally  and  are  tlierefore  more  or  less  dispersed  accord- 
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ing  to  the  character  of  the  refracting  medium.  The  short,  rapid 
waves  at  the  violet  end  are  refracted  the  most  and  are  brought  tOj 
a  focu.s  before  the  longer,  reci  waves,  so  that  the  image  showM 
fringes  of  cobr  insteatl  of  being  pure  white.  Tliis  phenomenon 
is  known  as  chromatic  aberration.  Lenses  used  for  scientific 
purposes  are  corrected  for  this  defect  or  made  achromatic  by  a 
combination  of  lenses  of  cnjwn  and  flint  glass  so  placed  that  the 
di.*ipersive  power  of  one  neutralizes  that  of  the  other.  The  eye 
exhibit*!  this  defect,  biit  not  to  such  an  extent  as  to  be  noticeable 
in  ordinary'  vision.  If,  however,  an  object  is  in  focus  when  xnewed 
by  red  light  it  can  he  shown  that  the  focus  must  be  changed  if  the 
same  object  is  illuminated  by  violet  light.  Hehnholtz  estimates 
tbxt  if  the  media  of  tho  eye  possc-ss  the  same  disjicrsive  power  as 
water  the  niys  of  violet  light  niu.st  he  brought  to  a  focus  at  about 
0.434  mm.  in  front  of  tlmt  of  the  red  rays. 

Spherical  aherralion  depends  uf>on  the  fact  that  the  rays  near  the 
circumference  of  a  leas  are  refracie^l  more  and  therefore  are  brought 
to  a  focus  sooner  lliari  those  enU^riiig  nearest  the  center.  This 
defect  may  be  noticefl  in  an  uncorrected  lens  by  the  fact  that 
when  the  center  of  the  image  is  in  exact  focus  its  margins  are 
slightly  out  of  focus  and  vice  versa,  _  The  defect  is  usuaDy  cor- 
rected, us  in  photography,  by  use  of  a  diaphragm  to  cut  off 
the  rays  from  the  peripherv'  of  the  lens.  In  the  eye  l>oth  spher- 
ical and  chromatic  aberrations  arc  remedied  to  a  laige  extent  by 
a  similar  device.  The  iris  constitutes  an  adjustable  diaphragm, 
which  is  reflexly  narrowed  as  the  light  increases  in  intensity  and 
thus  cuts  off  the  rays  that  would  go  thrtvugh  the  perij)her\'  of 
the  lens.  The  interesting  physiological  control  of  the  movements 
of  the  iris  is  described  Ix^low.  In  the  eye  the  defect  of  spherical 
aberration  is  counteracted  abso  by  the  peculiar  slnicture  of  the 
crystalline  lens.  This  organ  is  eomposed  of  concentric  layers 
whose  <lensity  increases  toward  the  center.  The  result  of  this 
arrangement  is  that  the  center  of  the  lens  is  more  refractive  than  the 
perlpher>\  and  the  tendeticy  of  the  latter  fx*rtion  to  refract  more 
strongly  is  more  or  less  neutralized.  A  thin!  optical  defect  of  the 
eye  consists  in  the  fact  that  its  refractive  surfaces  are  not  absolutely 
centered. — that  is.  the  centers  of  cur\*ature  of  the  cornea  and  of  the 
anterior  and  the  posterior  surfaces  of  the  lens  do  not  lie  in  the  same 
straight  line.  Moreover,  the  optical  axis  of  the  system  does  not 
coincideexactly  with  the  lineof  sight.  By  the  latter  term  we  mean  the 
hne  from  the  point  looke<l  at  to  the  fovea  centralis  or  the  part  of  the 
fovea  on  which  the  image  of  the  }Kiint  falls.  This  hne  of  sight  or 
visual  axis  makes  an  angle  of  about  five  degrees  with  the  optical 
axis.  The  system  w<iuld  be  more  perfect  as  an  optical  apparatus 
if  the  two  axes  coincided. 
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Abnormalities  in  the  Refraction  of  the  Eye — Ametropia. — 

The  evf  ihat  is  noniml  arul  iii  which  jjurallel  niy.s  fatnis  on  the 
rrcina  uhcn  the  eye  is  at  rest  is  designated  aw  cinnietropic.  Any 
linormality  in  the  refractive  surfaces  or  the  shape  of  the  eyeball 
;>iwent8  this  exact  focusing  of  j^aruilel  rays  and  makes  the  eye 
ametiopic.  The  most  common  tmuble«  of  the  eye  are  due 
to  sbort-sightcdness  or  myopia,  far-sightedness  or  hyperme- 
tropia,  aj*tigmatism,  old-sighledness  or  prejibyopia*  and  lack  of 
balance  in  the  external  muscles  of  the  eyeballs,  muscuhir  iiiefficiency 
or  heteropb:)ria.  Some  description  of  these  conditions  is  useful  to^ 
emphafflze  by  contrast  the  mode  of  action  of  the  dioptric  mechauismH 
In  the  nonnal  eye,  but  for  a  full  de.'<rrii>tion  of  the  extent  and  com- 
plexity of  these  defects  reference  must  be  niatle  to  sjx^cial  ta^alises 
U|x>n  the  erroi^  of  refraction  in  the  eye. 

In  myopia  or  near-tughtcdness  parallel  rays  of  light  aa*  brought] 
to  a  focus  before  reaching  the  retina.     Consequently  when  the  raysl 
fall  upon  the  retina  each  point  forms  a  diffusion  circle  and  the  imagej 
Is  intiistiuct.     This  defect  may  be  due   to  an  abnnnually  greatl 
cun*alure  of  the  refractive  surfaces,  the  cornea  or  the  lens,  or  to  aaj 
[jIbbQormal  length  of  the  eyel)all    in  its   anteroposterior   diameter, 
f  last  cause  is  the  most  common.     The  defect  may  be  congenital, 
but  uMially  it  is  acf|uirf»d,  and  in  the  latter  case  it.s  caust^  is  generally 
attributed  to  a  weakness  in  the  coats  of  the  eyeball.     The  interior 
of  the  eye  ia  under  some  pressure,  intra-octdar  tension,  which  is 
timated  to  be  equal  to  the  pressure  of  a  colimnn  of  mercur>'  25  to  30 
in  height.     This  tension  is  increased  by  strong  convergence  of 
eyeballs  in  looking  at  near  objects.     If  the  coal>  of  tiie  eye  are 
or  become  so  from  disease*  or  malnutrition  they  may  yield 
ewhat  to  this  pressure  and  the  eyeball  become  lengthened  in  the 
ateir>pf)sterior  diameter.     The  condition  as  regards  refmction  of 
illel  rays  is  represented  then  by  the  diagram  B,  in  Fig.   125. 
be  retina  is  farther  away  than  the  principal  focal  distance  of  the 
^Tefractive  Hurface^,  and  if  the  defect  is  excessive  even  diverging 
mys  may  not  l>e  focused.    The  obvious  remedy  for  such  a  condition 
to  use  concave  lenses  before  the  eyes  for  distant  vision,     liy  this 
Qcan^T  if  the  lenses  are  properly  cho.^n.  the  rays  will  be  given  such 
amount  of  divergence  that  the  focus  will  be  thro\^7i  hack  to  the 
■^Trtina.     As  compared  with  the  normal  or  emmetropic  eye,  the 
myopic  eye  has  its  far  point  of  distinct  vision — that  is,  the  farthest 
Lpoint  that  can  l»e  set»n  distinctly  without  an  effort  of  acconmio- 
rtion — less  than  twenty  feet  from  the  eye,  the  exact  distance  depend- 
ing upon  the  extent  of  the  myopia,     f  )n  the  contrar}-,  the  near  point 
rqf  distinct  vision — that  is,  the  nearest  point  at  Avhich  distinct  vision 
be  obtaincfl  with  the  aid  of  the  muscles  of  accommodation — is 
er  than  in  the  nonnal  eye.     Much  of  the  prevalent  myopia  in  the 
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young  is  attribnlod  by  oculists  to  bad  mpthods  in  reaciing,  such  as 
insufficient  lighting,  small  print,  and  a  faulty  ix)sitionof  the  l>ook. 
Such  conditions  lead  to  an  excessive  muscular  effort  and  thus 
aggravate  any  tendency  that  exists  toward  the  development  of  a 
near-sighted  condition. 

In  hypervieiTojna  the  conditions  are  the  opposite  of  those  in 
myopia.  Parallel  rays  of  light  after  refraction  in  the  eye  cut  the 
retina  before  they  come  to  a  focus.     The  principal  focal  distance,  in 

other  words,  is  behind  the 
retina.  In  this  ca^se,  also, 
each  point  of  a  distant 
object  \\\\\  make  upon  the 
retina,  when  the  eye  is 
not  accommodated,  a  dif- 
fusion circle,  and  the  image 
conse^iuently  is  lilurred. 
This  defect  may  I>e  caused 
by  a  lessened  cur\'ature  or 
refractive  power  in  the 
cornea  or  lens,  but  in  the 
majority  of  cases  it  is  ref- 
eraijlc  to  a  diminution  in 
the  anteroposterior  diam- 
eter of  the  eyeball.  This 
condition  is  usually  con- 
genital: the  eyeball  from 
birth  is  smaller  than  the 
nnrrnal.  The  path  of  the 
jiarallel  rays  in  this  case  J 
is  representetl  in  the  dia- 
gram C,  Fig.  125.  When 
such  an  eye  looks  at  a  dis^ 
tart  fibject  a  clear  image 
may  Ik?  obtained  only  by 
using    llie  eiliar\'  muscle. 


Fig.  126.  — Oiaicrani  flJinwing  ihe  (JilTerence  be- 
tween nortnnl  (.1).  myopic  ifi).  and  hypertnetrupic 
{C)  eyeH.  Iu  0  »nil  Tth^^  diiiteil  lines  r*pro*«nt  the 
palb  of  Ibe  rays  after  eorrection  by  ^\ai»&i.^{Bow- 
diUh.) 


and  to  prevent  this  constant  strain  upon  the  muscle  of  accommo- 
dation convex  glasses  must  be  worn.  Glasses  of  this  kind  convejge  , 
the  rays  and  if  proi)erly  chosen  will  bring  immllcl  rays  to  a  focus 
without  the  constant  aid  of  accomm<idation.  It  is  obvious  tlmt  in 
the  hypermetmpic  eye  there  is  no  far  point  of  distinct  vision  when 
the  eye  is  at  rest,  since  some  acconmiodation  must  be  used  to  bring 
even  parallel  rays  to  a  focus.  The  near  point  of  distinct  vision  will 
be  farther  away  than  in  the  normal  eye,  since  accommodation  be- 
gins when  the  rays  are  parallol  and  its  limits  are  reachetl  with 
a  less  degree  of  divei^gence;  hence  the  name  of  far-sightedness. 
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Presbyopia  or  old-sightcdness  has  been  referred  to  above.  It 
is  clue  to  a  gradual  failure  in  the  effeetiveness  of  aeconimodation 
with  increa.sing  age,  and  it*  altril)uled  usually  to  a  progressive  loss  of 
^asticity  in  the  lens.  'Jhe  near  jKiint  of  di.stinct  vision  recedes 
farther  and  farther  from  the  eye,  and  coni?eqvicnlly  in  clowe  work 
convex  glasses  must  be  worn  to  aid  the  accoinniodation.  It  is 
ohvious  that  this  effect  of  old  age  will  [)e  less  notk'(*ah]e  in  the  myopic 
than  in  ihe  emmetropic  eye,  since  in  the  fomier  the  greater  length 
of  the  eyeball  needs  less  accommodation  in  near  vision  and  the 
failuiv  of  tlic  lens  to  refract  is  therefore  not  felt  so  soon.  What  is 
known  as  second-sight  in  the  old  may  be  brought  about  by  the 
late  development  of  a  myopic  condition, — that  is,  by  a  change  in 
the  length  of  the  eyeball  or  by  a  swelling  of  the  crv'stalline  lens, — 
and  in  such  a  case  convex  glasseii  for  near  work  may  l^  dispensed 
with. 

AtHffmatism. — In  a  perfectly  normal  or  ideal  eye  the  refractive 
auifaces,  cornea,  anterior  ami  jH^sterior  surfaces  of  the  lens^  are 
MCtions  of  true  spheres,  and.  all  the  meri<lians  being  of  ec|ual 
curvature,  the  refraction  along  these  different  meridians  is  equal- 
Such  an  eye  wiU  bring  the  cone  of  rays  procectling  from  a  luminous 
point  to  a  focal  point  on  the  retina,  barring  the  <listurbing  influence 
of  chromatic  and  spherical  aberration.  If,  however,  one  or  all  of  the 
refractive  surfaces  have  unetjual  cun'aturc»s  along  ilitferent  merid- 
ians, then  it  is  obvious  that  the  rays  from  a  luminous  point  can  not 
l>e  brought  to  a  focal  ix>int.  since  the  rays  along  the  meridian  of 
gn^ater  curvature  will  be  brought  to  a  focus  first  and  l>egin  to  divei^e 
before  the  rays  along  the  lesM:^  eur\'ature  arc  focused.  Such  a 
eondition  is  designated  as  astigmatism  (from  <z,  not,  and  tsrt^fin, 
point).  The  effect  may  Ix*  illustrated  by  the  diagram  in  P'ig.  126, 
which  represents  the  refraction  of  the  rays  from  a  luminous  jx^int  by 
a  planoconvex  lens  whose  cur\'ature  along  the  vertical  meridian  is 
greater  than  along  the  horizontal  meridian. 

The  rays  along  the  vertic^il  meridian  are  brought  to  a  focus 
firrt  at  G,but  those  from  the  horizontal  meridianare  stil!  converging; 
BO  tliat  ascreen  placedat  this  point  will  give  the  image  of  a  horizontal 
line  (a-a').  The  rays  along  the  horizontal  meridianare  brought  to  a 
focus  at  Bf  but  those  from  focus  G  have  by  this  time  spread  out 
in  a  vertical  plane,  so  that  a  screen  placed  at  this  point  will  give 
the  image  of  a  vertical  line  (/»  r).  In  between  the  images  will  be 
clliptjcaj  or  circular,  as  represented  in  the  diagram.  In  the  eye 
astigmatism  may  be  due  to  an  inecjuality  in  cur\'ature  of  either  the 
cornea  or  the  lens,  and  may  l>e  either  regular  or  irregular.  By 
regular  astigmatism  is  meant  that  eondition  in  which  while  the 
curxature  along  each  individual  meridian  is  equal  throughout  its 
course,  the  curvatures  of  the  different  meridians  var>'  and  in  such 
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a  way  that  the  meridians  of  greatest  and  least  cur\'ature  are  at 
right  angles  to  each  other.  Ordinan-  astigmatism  is  of  the  regular 
variety,  and  is  usually  attributed  to  a  defect  in  the  curvature  of  the 
cornea.  If  the  asti^inatisni  is  surh  tliat  the  vertical  meridian  has 
the  greatest  curvature  it  is  termed  *^with  the  rule/'  since  normally 
this  meridian  is  slightly  more  curved  than  the  horizontal  one.  If, 
on  the  contrar}',  the  curvature  along  the  horizontal  meridian  is 
greater,  the  astigmatism  is  "against  the  rule."  The  meriilians 
of  greatest  and  least  curvature  may  not  lie  in  the  vertical  and 
horizontal  planes,  but  in  some  of  the  oblique  planes;  but  so  long  as 
they  arc  at  right  angles  the  astigmatism  is  regular.  It  is  e\'ident 
that  such  a  eonciition  may  be  corrected  by  the  use  of  cylindrical 


Fig.  IL'O. — Sohemm  to  illustrate  the  paths  of  the  rays  of  light  in  ft  cornea  •howine 
re^lnr  nj^tiffmatifliii. — (McKmdnek.)  The  lower  line  of  hffuren  reprwenu  the  aecltoD  of 
the  cone  of  li^ht,  or  the  iennon^  uhiained  at  different  difftAnrefl.  The  imane  varies  frmti  a 
bnrixuntfil  to  n  vertical  line,  but  at  uo  place  eari  a  tmint  be  obtained  at  which  rays  aJons[ 
all  meridian^  ure  foouiwd. 

glasses  SO  chosen  as  to  increase  the  cur\^ature  along  the  meridiaii 
in  wliich  the  cornea  has  the  least  cur\'atiir€\  An  eye  that  suffers  from 
a  marked  degree  «if  astigmatism  can  not  focus  distinctly  at  the  same- 
time  Unes  that  are  at  right  angles  to  each  other;  hence  the  use  of 
a  serie-s  of  lines  whose  rays  fall  along  the  different  meridians  of  the 
cornea,  as  showTi  in  Fig.  127,  will  reveal  this  defect  if  it  exist.s.  If 
the  eye  is  liirecteil  to  the  center  of  intersection  of  the  Unes  some 
of  the  lines  appear  distinct  wliile  those  at  right  angles  to  them 
are  blurred.  A  normal  eye  can  })e  thrown  into  an  astigmatic  con- 
dition by  approximating  the  eyeliils  closely.  In  this  jxisition  the 
tears  make  a  concave  cylindrical  lens,  which  alters  the  curvature 
along  the  vertical  meritUan.  What  is  known  as  irregular  astig- 
matism is  due  to  the  fact  that  the  meridians  of  greatest  and  least. 
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runralxire  arc  not  at  approximately  right  angles,  or,  as  is  more 
ly  the  case,  it  Is  due  to  an  irregularity  in  the  curvature 

r«Ioi|g  eome  one  meridian,  such  as  may  be  produced  by  a  scar  upon 
the  ooroea.    This  condition  may  be  produced  from  a  variety  of 
affecting  either  the  cornea  or  (he  lens,  and  praclicalJy  it 
not  be  corrected  by  the  use  of  lenses.   As  Hehiiholtz  has  shown, 
amall  dcgroe  of  irregular 

laatigmatism  is  present  nor- 

|iiialh%  owing    to  a  certain 

[Acjanmetn'  in  the  curvature 

Ptrf  the  lens.     This  defect  is 

I  made  apparent  in  the  visual 
ftUons  caused  by  a  j)oint 
a£  light r  such  as  is  furnished, 
for  instance,  by  a  fixed  star. 

^Tbe  retinal  image  in  these 
easeSf  instead  of  Ix'ing  a  sym- 
metrical  point,  is  a  radiate 
figure  the  exact  form  of 
which  may  var>'  in  different 
ex'es.  For  this  reason  the 
faced  stars  give  us  the  well- 
known  star-shapeil  image 
instead  of  a  clearly  tlefincd 
point. 

Innervation  and  Physiological  Control  of  the  Ciliary  Muscle 
and  the  Muscles  of  the  Iris, — From  an  optical  point  of  view  the 
his  plays  the  part  of  a  diuj)hmgm.  It  is,  moreover,  an  adjustabk' 
diaphragm  the  aperture  o{  which — that  is,  the  size  of  the  pupil — 
is  varie*!  reflexly  according  to  the  conditioas  of  illumination.  Its 
adjustments  are  made  possible  by  the  fact  that  it  contains  witliin 
iUt  jeiilistance  two  bands  of  muscular  tissue,  one,  the  sphincter 
muscle,  forming  a  circular  ring  whose  contraction  diminishes  the 
aperture  of  the  pupil,  and  the  other  a  dilator  muscle  whose  contrac- 
tion widens  the  pupil.  P^ch  of  these  muscles  jx)ssesses  iti?  own 
ner\"e  fil)ers  that  &nse  ultimately  from  the  brain,  and  through  these 
fiber*  reflex  movements  of  great  delicacy  are  effected.  The  sphinc- 
ter pupiJIie  is  a  well-<iefine<l  band  of  plain  muscle  whose  width 
varies,  acconling  to  the  state  of  contraction,  from  0.6  to  1.2  mms.; 
h  forms  a  ring  lying  just  on  the  margin  of  the  ptxpil,  and  it  is  im- 
bedded in  the  stroma  of  the  iris.  The  histological  <lifferentiation 
of  the  dilator  pupilkc  is  miurh  less  di.stinct.  For  a  long  time  its 
existence  was  the  subject  of  controversy,  but  it  Ls  now  conce<led 
that  such  a  muscle  is  present  in  the  form  of  a  layer  of  elongated 
apindle-like  cells  which  lie  close  to  the  pigment  layer  of  the  iris  and 
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form  radial  bundles  stretching  from  the  ciliar>'  border  of  the  iris 
towani  the  pupillar\'  orifice*  Both  of  these  muscles  are  supplied 
by  autonomic  nerve  fibers — that  is,  the  motor  nen'e  path  comprises 
a  preganglionic  fiber,  arising  from  the  central  nervous  system, 
and  a  postganglionic  fiber,  arising  from  a  sympathetic  ganglion. 
AnatomicaDy  it  can  be  shown  that  the  sphincter  muscle  is  supplied 
by   the  short   riliary   ner\'es    arising    from    the    cihary  ganglion, 

which  supply  also  the 
muscle  of  accommoda- 
tion, the  ciluir>'  muscle; 
while  the  dilator  muscle 
is  supplied  by  the  long 
ciliar>'  nerves  that  arise 
from  the  ophthahiiic 
branch  of  the  fifth  cra- 
nial nerve,  as  represented 
in  Fig.  128.  The  entire 
course  of  the  motor 
paths,  preganglionic  and 
postganglionic  fii)ers,  is 
represented  tliagrammat- 
icaJIy  in  Fig.  129.  The 
motor  fibers  to  the  ciliarj* 
muscle  and  sphincter 
piipillif  arise  in  the  mid- 
brain in  the  nucleus  of 
origin  of  the  third  cranial 
nen*e,  and  indeed  in  a 
special  jmrt  of  this  nu- 
cleus lying  most  ante- 
riorly.    They  leave    the 

Course  of  constrictor  nerve  fibon, third    HCr^'C    la    thc    Orblt 

Course  of  dilator  nerve  Ebcra. m^}   (^ntl   Within    the    SUl>- 

FiK.   128. — DuMcr&mmatic  rcprescntatinn  of  the  sfnnop  nf  flif  filmrv  trnn- 

nervca  tovemmg  the  pupil  (alter  Fmtrr) :    /^  Optic  '"'if"*-^  "i  ^"*^  cuiar^    gan 

nerve;   Lo,  ciliary  KanKliun;   r.b.  it«  short  rmit  from  glion,    whenCC    the      Path 

///.  motor  oculi  nerve:  turn..  iCsaympathetic  root;  r/.  r  -  j     i 

it«  long  root  from  V,  nnhlhalmonanal  branch  of  oph-  is    COntinued     bv    ST^inpa- 

th&lmic   diviflion    of   filth    nerve;    :e,   short   ciliary  ^i     ^-  /  ^    "        i-       •     ^ 

nerves:   l.c,  \oint  cUiary  nervtia.  thCtlC        ( p^)StgangllOmC ) 

fil>crs  emerging  from  the 
ganglion  in  the  short  ciliarv  nervea.  The  fibers  to  the  dilator 
muscle  have  a  very  different  path.  They  arise  also  in  the  brain, 
most  probably  in  the  midl^rain,  although  their  exact  origin  has 
not  been    determined   satisfactorily,   and   pass   down   the  spina] 

♦  For  a  physiologitial  proof  and  the  literature  of  the  oontroverey  Bee 
Langley  and  Anderson.  "Journal  of  PhyBiolopy,"  13,  554,  1892.  For  the 
histological  proof,  Gninert,  "Archives  of  Ophthalmology,"  30,  377,  1901. 
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cord  to  terminate  in  the  lower  cervical  region.  From  this  point 
the  path  is  continued  by  spinal  neurons  which  leave  the  coni  in  the 
eighth  cervical  and  the  first  and  second  thoracic  spinal  nerves  and 
pasB  by  way  of  the  corresponding  rami  comniunicaiites  into  the 
sympathetic  chain  at  the  level  of  the  first  thonicic  ganglion.  From 
this  point  the  fibers  pass  upward  in  the  cer\ical  sympathetic  with- 
out terminating  until  they  reach  the  superior  cervical  ganglion  near 
the  bftse  of  the  skull.  From  this  ganglion  the  path  is  continued 
by  s>'mpathetic  (postganglionic)  fibers  which  pa,ss  to  the  Gasserian 
ganglion  and  unite  with  its  ophthahnic  branch.  Subsequently 
they  leave  the  ophthalmic  nerv'e  in  the  long  ciliary'  branches.  These 
fibers  under  nonnal  conditions  are  in  constant  (tonic)  activity,  so 
that  if  the  path  is  interrupted  at  any  point  by  section  of  the  cervical 


^522?"'*  \     ^^-^^Q^^o^M^  hnnJi  t/Sy'  LoM  cilta/y  nerves. 


JifPtn/r^enitrg/,^ 


•■-»^fg 


fe 


f>upilitie. 


'1  Ciliary  Tunxi 


Unical 


Ft|t  129. — Scbema  ■bowing  the  path  of  the  prvKaniclionic  and  postcui^oaio  fiber* 
lo  tim  dUarr  muMrle  ami  in  the  sphincter  ami  dilutor  iiiu>rlf>  df  the  iria. — (ModiSetl  frntn 
Actete.)     TDB  eooras  of  lb«  Icmx  ciliary  nerves  ia  rrfireaeotctl  very  diasramnuiticaUy. 


FiTnpathetic,  for  instance — the  pupil  is  sseen  to  contract.  This 
ccrnstant  activity  may  be  referred  directly  to  the  activity  of  the 
5ptnal  neurons  whose  cells  lie  in  the  spinal  conl  in  the  lower  cendcal 
and  upper  thoracic  region.  The  cells  in  question  constitute  what 
is  sometimes  called  the  lower  ciliospiual  center  of  Budge. 

The  Accommodation  Reflex  and  the  Light  Reflex  of  the 
Sphincter  Muscle. — When  the  eye  is  accommodated  for  a  near 
object  by  the  contraction  of  the  ciliary  muscle  there  is  always  a 
simiiltaneous  contraction  of  the  sphincter  pupillre  whereby  the 
pupfl  is  narrowed.  The  act  is  one  of  obvious  value  in  vision,  since 
by  diaphragming  down  the  lens  the  focus  is  improved  and  more 
exact  vision,  such  as  is  needed  in  close  work,  is  obtained.  7'he  act 
is  Uffually  spoken  of  as  the  acrommodaiion  reflex^  but  in  reality  it 
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is  rather  what  is  known  as  an  associated  movement.  The  voluntary 
effort  inaugurated  in  the  brain  affoct.s  the  cranial  centers  for  both 
muscles,  and  under  nomuil  conditions  the^'  always  act  together, — 
a  fact  which  impliesaclo^ic  connection  of  their  centers.  An  example 
of  a  similar  associated  action  is  seen  in  the  effect  of  the  respirator}* 
movements  on  the  rate  of  heart  beat,  the  inspiratorv*  discharge  { 
from  the  respiratory  center  being  accompanied  by  an  associated 
effect  upon  the  eardio-inhihitory  center  whereby  the  heart  rate 
is  qxuckened.  In  the  particular  ca^e  tliat  we  are  dealing  with 
three  musridar  act^,  in  fact,  are  usually  associated,  for  ever>-  act 
of  accommodation  under  normal  circumstances  is  accompanied 
not  only  by  a  constriction  of  the  pupil,  but  al.so  b}*  a  convergence 
of  the  eycbaUs,  due  to  a  contraction  of  the  internal  rectus  muscle 
in  each  eye. 

The  light  reflex  is  obscr\'od  when  light  is  thrown  into  the  eye. 
As  if  well  known,  the  pupil  dilates  in  darkness  or  dim  lights  and 
contmets  to  a  jiin-point  u\xyn  strong  illumination  of  the  retina. 
The  vahie  of  this  reflex  is  also  obvious.  In  the  dim  light  the  total 
illumination  and  therefore  the  visual  |X)wer  of  the  retina  is  aided 
by  an  enlarged  pupil,  hut  in  strong  lights  the  illumination  may  be 
diminii^hed  with  a<ivant4ige  by  diaphrugming,  .since  the  optical 
image  on  th«*  rotina  Ls  thereby  improved  on  account  of  the  tliminu- 
tion  in  spherical  aberration.  The  reflex  arc  involved  in  this  act  is 
kno\\Ti  in  part.  The  afferent  path  is  along  the  optic  nerve;  the 
efferent  imth  l>ack  to  the  sphincter  is  thmugh  the  third  ner\*e 
and  ciliary  ganglion ;  injury  to  either  of  these  paths  tUminLshesor 
destroys  the  reflex.  The  reflex  is  also  lost  in  .some  eases  in  which 
neither  of  these  paths  .seems  to  be  involved.  In  tabes  dorsalis 
(locomotor  ataxia)  antl  general  paresis,  for  instance,  the  pupil 
of  the  eye  is  conslrieiefl  and  does  not  give  the  light  reflex,  but 
still  .shows  the  accotuniodation  reflex.  Such  a  condition  is  known 
as  the  .'Vi'gsll  Robertson  pupil.  Some  question  exists,  there- 
fore, as  to  the  nature  of  the  connections  in  the  brain  lietween  the 
afferent  impulses  and  the  motor  center  in  the  nucleus  of  the  third 
nerve.  According  to  some  authors  (CJudden.  v.  Hechlerew),  the 
afferent  light  reflex  fibers  are  a  set  of  fibers  distinct  from  the  visual 
fibers  ppoi>cr.  They  arise  in  the  retina  and  i>ass  backward  in  the 
optic  nen'e,  but  leave  the  optic  tracts  at  the  chiasma  to  enter  the 
walls  of  the  third  ventricle  and  thus  reach  the  nucleus  of  the  third 
ner%T.  This  view,  however,  finds  no  sup|x>rt  in  the  histological 
structure  of  the  retina.  Under  nonnal  conditions  the  light  reflex 
is  bilateral, — that  is»  light  thrown  upon  one  retina  only  will  cause 
constriction  of  the  puf)il  in  both  eyes.  In  tho.se  of  the  lower  ani- 
mals whose  optic  nerves  cross  completely  in  the  chiasma  the  light 
reflex,  on  the  contrary',  is  unilateral,  affecting  only  the  eye  that 
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IB  Stimulated.*  We  may  conclude,  therefore,  that  the  bilaterality 
of  the  reflex  in  the  higher  animals  Ls  (iejjendent  upon  the  partial 
decuasatlon  of  the  optic  fibers  in  the  chiiiisnia,  a  sen.sor>'  stimulus 
upon  one  retina  ipving  rise  to  impulses  which  are  conveyed  to  the 
two  tides  of  the  brain.  It  Ls  |X)s.sible,  Itowever,  that  in  addition 
eoaunisBuml  connections  may  exist  l>etween  the  central  connections, 
— the  motor  eentens  in  the  midbrain.  It  is  UMually  stated  that 
the  effect  of  the  hght  upon  the  sphincter  muscle  Is  grt»atest  when 
the  retina  Ls  stimulated  at  or  near  the  fovea  and  that  it  varies 
directly  with  the  inten.sity  of  the  li^ht  and  the  area  illuminated.f 
The  Action  of  Drugs  upon  the  Iris.^ — The  condition  of  con- 
Bthctiou  of  the  pupil  Ls  frequently  designated  as  nu4»,sis  (mi-cZ-sis) 
mxkd  the  condition  of  dilatation  as  niydriatiis  (niyd-ri'-as-b^).  Man)' 
dnig^  are  known  which,  when  applietl  direetl>'  to  the  absorptive 
curfarcs  of  the  eye  or  when  injected  into  the  circulation,  affect 
the  muscles  of  the  iris  and  therefore  vary  the  size  of  tho  pupil. 
Those  drugs  that  cause  miosis  are  sjx)ken  of  a^  miotics,  and  those 
that  produce  mydriasLs  as  mydriatics.  Atropin,  the  active  prin- 
ciple of  belladonna,  homatropin.  and  cocain  are  well-known  myd- 
liatlcif,  while  physostiKniin  (eserin)  an<l  niuscarln  or  jiilocarpin  are 
examples  of  the  miotics.  There  hiis  bc^'n  inuch  qiu'stion  as  to  the 
precise  action  of  these  drugs.  For  an  ailtnpiatc  discussion  of  this 
question  the  student  is  referred  to  works  on  phaniuujology;  but 
it  maybe  said  tliat  the  e\'idence  from  the  physiological  sidet  indi- 
cates that  atropin  causes  mydriasis  by  paralyzing  the  endings  of 
the  constrictor  ner\'e  fibers  in  the  sphincter  miwcle,  while  phy- 
aostigmin  and  muscarin  cause  nuosis  by  stimulation  of  the  endings 
of  ibefle  same  fibers.  In  the  case  of  cocain  it  Ls  probable  that  the 
dmg  firet  stimulates  mainly  the  endings  of  the  dilator  lilx^rs  in  the 
dilator  muscles,  and  in  stronger  doses  causes  additional  mydriasis 
by  paralyzing  the  constrictor  fil>ers.  The  stronger  mydriatics 
paralyze  not  only  the  fiphincter  pupilbe,  but  also  the  similar!}^ 
innervated  ciliar\'  muscle,  thus  destroying  the  power  of  accom- 
modation. When  atropin  is  applied  to  the  eye  the  indi%'idual  is 
unable  to  use  liis  eyes  for  near  work — reading,  for  example — ^until 
the  cBevx  of  the  drug  has  worn  off.  In  ophthalmological  literature 
this  condition  of  [wiralysis  of  the  ciliary  nuiscle  Is  spoken  of  as 
C3rck>picgia,  and  most  of  the  mydriatic  dmgs  are  also  cycloplegics. 
On  the  contrary*,  the  stronger  miotics  stimulate  the  ciliar>'  muscle, 
anxl  therefore  during  their  peritxi  of  action  throw  the  eye  into  a 
condition  of  forced  accommodation. 


I 
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•Stcinach,  "Archiv  f.  d.  gcaammto  Phvaiolopie/'  47,  313    1890. 
fSee  Abol'^dorff  and  Fcilchenfell,  "Zeitschrift  f.  P8>'choloffie  und  Phys 
Mofie  des  SiDncsoivane/'  34.  Ill,  1»04. 

{Sehults.  •'Archiv  f.  Physiologic,"  1S08.  47. 
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In  the  above  description  of  tlie  innen'ation  of  the  iris  and  the  causes  of 
mytiria^siri  and  miosis  the  tiinip]e«t  explanatioas  otTered  have  been  adopted. 
It  should  be  added,  however,  that  some  facts  are  kno^vn  whicli  indiraie  that 
the  ronditions  are  more  complex.  Tlia-*,  Meltr-er  and  Auer*  have  shown 
that  in  mammals  the  application  of  solutions  of  adrenalin  to  the  eye  has  no 
efTet-t  on  tlie  iris  and  the  same  is  tnie  after  section  of  tiie  ccrviial  sympathetic. 
Bui  if  the  superior  cervical  panglion  is  reinove<i  the  adrenalin  causes  a  maxi- 
mal mydriasis.  This  parailovical  dilatation  imlicat&s  that  the  gau^lion 
has  »ome  specific  influence  upou  the  iri.-*  in  addiliou  to  sening  as  part  of  the 
pathway  for  the  pupillo<hlator  Hl)et>,  since  as  tong  as  it  in  present  it  prevents 
the  adrenahii  from  acting  upon  the  mibicukture  of  the  iri-i. 


The  Balanced  ActioD  of  the  Sphincter  and  Dilator  Muscles 
of  the  Iris. — It  wotild  seem  that  uiitler  ntinnal  conditions  Iioth  the 
sphincter  and  the  ililator  must^le  are  kept  more  or  loss  m  tonic 
activity  by  impulses  recei'v^ed  through  their  respective  motor  fibers. 
They  thus  habince  each  other,  to  speak  figuratively,  and  a  mechan- 
ism of  this  kind  in  which  two  opposing  actions  are  in  play  is  in  a 
condition  to  re?fpond  promptly  and  smoothly  to  an  excess  of  stimu- 
lation from  either  side.  The  two  muscles,  in  fact,  act  as  antago- 
nists in  the  same  manner  as  the  flexor  and  extensor  muscles  around 
a  joint.  At  the  same  time  this  relation  adds  some  difficulties  to 
the  explanation  of  sfx^cific  reactions,  since  it  is  evident  that  a  dila- 
tation of  the  pupil  may  he  caused  either  by  a  contraction  of  tlie 
dilator  muscle  or  a  loss  of  tone  (inhibition)  in  the  sfihincter,  while 
in  constriction  of  the  pupil  the  effect  may  result  cither  from  a  con- 
traction of  the  sphincter  or  an  inhibition  of  the  ciiktor;  or,  last, 
the  contraction  of  one  muscle  may  always  be  accompanied  by  an 
inhibition  of  its  antagonist,  as  is  supposed  to  be  the  case  with  the 
flexor  and  extensor  muscles  of  the  limbs.  Andersonf  has  given 
some  evidence  to  show  that  the  dilatation  of  the  pupil  in  cats  is 
due  to  a  double  action  of  this  sort,  the  puf)illo<lilator  muscle  con- 
tracting first  ami  subsecjuently  the  tone  of  the  const dftors  suf- 
fering an  inhibition.  Alterations  in  the  size  of  the  pupil  take  place 
not  only  under  the  conditions  de^scribed  above — namely,  the  light 
and  the  accommodation  reflex  and  the  action  of  dru^s.^nit  also 
under  many  other  circumstances,  nornisd  and  pathological.  In 
sleep,  for  instance,  the  eyes  roll  upward  antl  inward  and  the  pupils 
are  constricted.  It  would  seem  probable  that  the  miosis  in  this  case 
is  due  to  a  ccBsation  in  tonic  activity  on  the  part  of  the  dilator 
muscle  rather  than  to  an  active  contraction  of  the  sphincter  muscle, 
the  state  of  sleep  being  characterized  In'  a  dintinution  in  activity 
in  the  central  nen^ous  system.  Kniotional  states  also  affect  the 
size  of  the  pupil  and  thus  aid  in  giving  the  facial  expressions  char- 
acteristic of  these  conditions.  Wrilei*s  s(>eak  of  tlie  eyes  dilating 
with  terror  or  darkening  with  emotions  of  deep  pleasure.    This  pupil- 

*  Meltzor  and  Aucr.  "American  Joumal  of  Phvsiolo(fy,"  11,  2S,  and  40,  1904. 
t"  Journal  of  Physiolngy."  30.  15,  1903. 
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Iftiy  accompaniment  of  the  emotional  states  may  occur  even  when 
it  b  a  matt«r  of  meraorj-  rather  than  immediate  experience.  The 
explanation  of  this  mydriasis  can  hardJv  lye  obtained  by  experi- 
ment, but  reasoning  from  analog.v  we  know  that  .strong  emotional 
states  are  usually  accomijanied  by  more  or  less  distinct  inhibitory 
effects  on  motor  centers,  and  jx^rhaps  in  tins  case  the  reaction  is 
most  sati*rfacloriiy  explained  by  attributing  it  to  an  inhibition  of 
the  wmstrietor  pent«^r  in  the  midbrain. 

The  Ophthalmoscope. — ^The  light  that  falls  into  the  eye  is 
partly  absori>ed  by  the  black  pig- 
ment of  the  choroid  coat  and  is 
partly  reflected  back  to  the  ex- 
terior. This  latter  portion  ia  re- 
flected back  in  the  di  ree  tion  in 
which  it  entereil  Merely  holding 
a  light  near  the  eye  does  nut,  there- 
fore, enable  us  to  see  the  interior 
more  clearly  ^  since  in  order  to  catch 
the  returning  rays  in  our  own  eye  it 
would  \io  necessar>'  to  intcr(K)se  the 
head  l>etween  the  source  of  light 
and  the  observed  eye.  If»  however, 
could  arrange  the  light  to  enter 

he  obser\'e<l  eye  as  though  it  pro- 
eeetled  from  our  own  eye,  then  the 
returning  rays  would  l)e  i)erceived, 
and  with  sufficient  illumination  the 
l>ottom  or  fundus  of  the  observed 
eye  might  l>c  seen.  Arg^iing  in  this 
way.  Helmholtz  constructed  his  first 
form  of  the  t)phthahnoscoi)e  in  ISol. 
The  value  of  the  ophthalmoscojx!  is 
twofolti;  It  enables  the  obser\cr  to 
examine  the  interior  of  the  eye  and 
thus  reoognize  diseased  conditions  of 
the  retina;  it  is  also  useful  in  detect^ 
ing  abnormalities  in  the  refractive 

«urfa<'es  of  the  eye.  The  principle  of  the  instnunent  is  well  repre- 
fiented  in  the  original  fonn  devised  by  Helmholtz,  as  shown  schemat- 
icaily  in  Fig.  1 31 ,  ^-l .     /  represents  the  obsen'ed  eye  and  //  the  eye  of 

be  observer.  IHetween  the  two  eyes  is  placed  a  piece  of  glass  inclined 
M  an  angle.  Light  from  the  candle  falling  upon  this  glass  is  in  part 
reflcctccl  fn»m  the  surface  to  enter  eye  /,  and  these  rays  on  emerging 
from  the  eye  along  the  same  line  paKs  through  the  glass  in  part  and 
enter  eve  //.  In  place  of  the  plane  unsilvereil  glass  it  is  now  cus- 
'20 
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tomary  to  use  a  concave  mirror  with  a  small  hole  through  the  center, 
the  observer's  eye  Ijeing  placed  directly  Ix^iind  tliis  hole.  Such  an 
mstrument  is  shown  in  Fig.  130.  The  instrument  is  used  in  two 
ways,  known  as  the  dii"ect  and  the  indirect  method.  In  the  direct 
method  the  mirror  is  hekl  very  close  to  the  observed  eye  and  the 
paths  of  the  rays  of  light  into  and  out  of  the  eye  are  represent^ 
schematically  in  Fig.  131,  B.    The  light  from  a  lamp  caught  upon  the 


Yig.   1.31. — DiBKraniH  lorepresent  the  principle  of  the  ophttuLlinCMtcope:   A.Tbeoric- 
faul  form  of  o|>)itliaiiriioHcc)pe,    cimsistinR  n(  a  piece  of  giza^  .V,  inclined  at  a  suitable  anslo  J 
The  rays  front  the  .'mjui-l'q  tif  lijichi  ktv  Fcflectou  into  the  ubeen'PiJ  rye,/,  iiiid  ihecce  retumf 
alooff  tne  wmo  line^  i>afwinK  tbmuKh  M  to  reach  the  Ltbeen'er'?  eyo,  //.     B,  The  direot] 
mvttirKl  with  the  apbtniU:iM>.>*cifpic  mirror.     The  myn  of  linht  ilJuiniuat«  the  fundus  of  the 
obHcrvml  oye,  /.  and  thence  paxs  nut  in  tjarollel  rays,  if  the  eye  id  emmetnipic,  to  reach  tto 
obf«erver'n  eye,  //.     f^\  iho  iudiifct  niethiMi  \vith  (•plithnJninMtupic  mirror  and  iDtercalated 
lenM.     'VUk  r  y.-^    if  UKht-rcd  Une*  ni-e  briiuKht    to  a  fnru«   within  the  anterior  chamber  of 
the  eyv  and    lience  divuria*  t'   Ifive  a  Kcncral  illuminntiun   if  the  interior  of  the  OTboU.     The 
retunitn^  ruyi    >f  tiKht  arv  indicated  for  u  Kindle  point,  b.  A'x  a',  b',  c*.  a  real  inverted  inuupa 
of  a  jMirtiun  •  f  the  xetina  ia  formed  in  the  air*  which  in  turn  is  foctued  ou  the  retina  of  tu 
obwerver's  eye. 


mirror  \»  thrown  into  the  eye,  the  rays  cominfj  to  a  focus  and  then 
spreading  out  so  as  to  give  a  diffuse  illumination  of  the  funchis. 
This  latter  surface  may  now  be  ctin.sidered  as  a  himinoiis  object 
sending  out  mys  of  light.  Taking  any  three  objects  on  the  retina, 
i4,  B,  C.  it  is  ajDparent  that  if  eye  /  is  an  emmetropic  eye  thesel 
points  are  at  the  principal  focal  distance  and  the  rays  sent  from 
each  after  emerging  fnim  the  eye  an?  in  paralloJ  liundles.  These 
rays  penetrate  the  hole  in  the  mirror  and  fall  int*j  the  observer's 
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eye  as  though  they  came  from  distant  objects.    If  the  observer's 

eye  is  also  emmetropic,  or  is  made  so  In-  suitable  glasses,  these 
bundles  of  rays  will  l3e  focused  on  his  retina  without  an  act  of  accom- 
modation. He  must,  in  fact,  in  looking  tlirough  the  mirror  gaze, 
not  at  the  eye  before  iiim,  but,  relaxing  his  accommodation,  gaze 
through  the  eye,  as  it  were,  mXo  i\w  diMamr.  Jn  tliLs  way  he  will 
aee  the  portion  nf  the  retina  illuininiitod,  the  image  of  the  oI)jects 
wen  being  inverted  on  his  own  retina  and  therefore  projected  or 
seen  erect.  If  the  observed  eye  is  myopic  its  retina  is  farther  back 
than  the  principal  focus  of  its  refracting  surfaces;  consequently 
the  rays  sent  out  from  the  illuminutetl  retina  emerge  in  converging 
bundles  and  can  not  be  focused  on  the  retina  of  the  obsen'er*s  eye. 
By  inserting  a  concave  lens  of  proper  jwwer  between  his  eye  and 
the  mirror  the  observer  can  render  the  rays  parulJel  and  thus  bring 
out  the  image.  From  the  power  of  the  lens  used  the  degree  of  my- 
opia may  be  estimated.  Just  the  reverse  hapix^ns  if  the  observed 
eye  is  hypennetropic.  In  such  an  eye  the  retina  is  nearer  than 
the  principal  focal  distance  of  the  refractive  surface;  consentient ly 
the  light  emitted  from  the  retina  emerges  in  himdles  of  diverging 
fays  which  cannot  Ije  brought  to  a  focus  on  the  ri'tina  of  the  ob- 
8cr\'er  tmless  he  exerts  his  own  power  of  accommodation  or  inter- 
pooes  a  convex  lens  between  his  eye  and  the  mirror. 

The  indtrccl  rtuthod  of  using  the  ophthalmoscope  Ls  represented 
in  Fig.  131,  C  The  mirror  is  held  at  some  distance,  at  arm's  length, 
from  the  observed  eye.  /,  while  just  before  this  e>e  a  Ijiconvex  lens 
of  short  focus  is  placed.  As  shown  in  the  diagram  by  the  red 
line«,  the  reflected  light  from  the  mirror  comes  to  a  focus  and  then 
diverging  falls  \\\^m  the  biconvex  lens.  This  leas  brings  the  rays  to 
a  focus  at  or  in  the  eye,  whence  they  again  diverge  and  light  up 
the  retina  with  a  diffuse  illumination.  The  light  from  this  retina 
b*  in  turn  sent  back  towanl  the  inirror,  its  jmth  lieing  indicated  for 
the  point  b  by  the  black  lines.  If  the  eye  is  emmetropic  the  rays 
from  this  prunt  emerge  parallel,  and  falling  upon  the  biconvex  lens 
are  brought  to  a  focus  at  6'.  Similarly  the  rays  from  a  will  be 
brought  to  a  focus  at  a'  and  from  c  at  c'.  ConseciuentJy  there  will 
be  formed  in  the  air  an  inverted  image,  and  it  is  at  thiii  image  that 
the  eye  of  the  obsen^er  gazes  through  the  hole  in  the  mirror.  This 
iina|:e  forms  its  image  on  the  retina  of  the  observer's  eye,  as  repre- 
Bcnted  in  the  diagram  at  a*,  b",  <f,  and  is  projected  outwani  or  seen 
inverte<i  as  regards  the  original  position  of  the  points  in  the  retina 
of  eye  /.  The  indirect  nieth<xl  is  the  one  tisually  employe<l  in 
ophthahnoscopic  examinations  of  the  retina.  It  gives  a  larger 
field  llian  the  direct  method,  although  the  objects  seen  are  of 
smaller  size. 


CHAPTER   XVIIL 

THE  PROPERTIES  OF  THE  RETINA-VISUAL  STIHULl' 
AND  VISUAL  SENSATIONS. 

The  Portion  of  the  Retina  Stimulated  by  Light. — Tho  normal 
stimulus  to  the  sensory  cells  in  the  ii'liiia  is  found  in  tlie  vibrations 
of  the  etiier.  the  waves  of  light.  When  sunlight  is  passed  through  a 
prism  the  waves  of  fUfferent  lengths  are  dispersed,  and  those  capable 
of  stiinuiating  the  retina  form  the  visible  sjiectnmi  extending  from 
red  to  violet.  The  limits  of  the  spcctruni  iire,  on  the  one  Fiand.  the 
extreme  red  rays  with  a  wave  length  of  TTfftBrrn  i^'i'*.  iLini  vil.»niting 
at  tlic  rate  of  ahrmt  :?0<},()iH).()(MI.(MIO,rK10  a  second,  and.  on  the  otiier, 
the  extreme  violet,  having  u  wave  lengt  h  of  about  -m jj ^tttt  '^'^^'  *"**^ 
a  rate  of  vibration  of  757.(XMK()(Kl,(MMHHMJ  a  second.  The  part  of 
the  ivtina  siintulated  by  thest*  vibrations  is  stipp<jsed  to  be  the  layer 
of  njds  anil  cones.     To  reacli  these  structures  the  tight  must  pass 


Fig-  132. — ^To  demonjdrate  the  hlini]  spot.  Fix  tbo  center  of  (he  croAs  with  the  ritcht 
eye,  ihrai  move  the  book  atowlv  Lo  or  from  the  face.  At  a  certain  distance  the  bnAse  of 
the  larce  oirole  to  the  right  will-  diAappear.  At  thia  di»tanee  the  intoKe  of  the  drcit  (allA 
on  the  optic  dific. 

through  the  other  layers  of  the  retina.  That  the  rods  and  cones  are 
the  structures  that  react  to  the  light  stimulation  is  in<licatcd  by 
their  structure  and  their  connections  and  by  such  facts  as  the  follow- 
ing: Under  certain  r-ondithins,  which  are  described  Ix'low^  the 
shadow's  t>f  the  retinal  vessels  and  tlie  cimiained  corpuscles  ma>'  be 
seen,  a  fact  which  inihcales  thai  the  perceiving  structures  lie  ex- 
ternally to  these  vessels.  In  the  fovea  centralis,  in  which  vision  is 
most  perfect,  the  layers  of  the  retina  are  thinned  out  until  practically 
only  the  rods  ami  cones  remain  to  he  acterl  ujjon.  That  the  uptic 
nerve  fil>ers  themselves  are  not  acted  ufxin  by  light  waves  is  proved 
by  the  existence  of  the  blind  .sfxjt.  The  termination  of  the  optic 
ner\-e  within  the  eyeball,  the  optic  disc,  lies  about  15  degrees  to  the 
nasal  side  of  the  fovea  and  has  a  diameter  of  about  1.5  mms.     From 

30S 


PROPERTIKS   OF  THE   RKTINA. 


309 


this  point  the  nerve  fibers  spread  out  over  the  rest  of  the  optic  cup 
|to  form  the  internal  layer  of  the  retina.     But  the  optic  disc  itself  has 
no  rptinal  stnictiire,  and  light  that  falls  upon  it  is  not  perceived. 
The  presence  of  this  blind  spot  in  our  visual  field  is  easily  deraon- 
strated  by  the  experiment  illustrated  and  deseribod  in  Fig.  132. 
In  the  visual  field  for  each  eye,  therefort*,  there  i.s  a  gap  representing 
itlu'  projection  of  the  area  of  the  optic  disc  to  the  exterior,  the  .size 
of  the  gap  increasing  with  the  distance  from  the  eye.     We  do  not 
notice  this  deficiency,  inasmuch  as  it  exists  in  our  indirect  field  of 
vi.slon  (.see  l)elow),  in  which  our  ix^rception  of  form  L<  |X)orly  de- 
fvelopcd;  so  that  any  di-siurbance  in  tjutline  that  riiiglu  result  in  the 
retinal  image  of  external   objects  Ls  unperceived.      Morever,  the 
portion  of  the  external  world  that  falls  on  the  blind  sjx>t  of  one  eye 
faUs  on  the  retinal  field  of  the  other,  and  is  thus  perceived  in  l>tnoc- 
ular  \T^ion.     It  is  to  Ix?  borne  in  mind,  also,  that  the  projection  of 
the  bUnd  sjKJt  does  not  apjx'ur  in  the  visual  field  as  a  dark  area;   it 
I  simply  an  absent  area,  so  that  no  gap  exLsts  in  our  consciousness  of 
he  spatial  relations  of  the  vLs\ial  field;  the  margins,  so  to  six-ak,  of 
the  hole  come  into  contact  so  far  as  our  consciousness  Ls  concerned. 
The  Action  Current  Caused  by  Stimulation  of  the  Retina. — 
fThe  efTecl  of  light  waves  falling  ujxya  the  retina  is  to  sot  up  a  .series 
of  ner\'e  impulses  in  the  optic  nerve  fibers.     It  is  intereHting  to 
find  that  tliese  impulses  aroused  in  a  sonsor>'  nei^'e  by  a  normal 
t-Btimulus  are  attended  by  electrical  changes  simiJar  tx)  thase  obsen'ed 
lin  motor  fibers  when  stimulated  nomiulh*  or  artificially.     The  fact 
strengthens  the  view  that  the  eJectrical  change  is  an  invariable  ac- 
jcompaniment  of  the  nerve  impulse,  if  not  the  nerve  impulse  itself. 
If  the  eye  is  excised  and  connected  w  ilh  a  galvanometer  or  capillary 
^  electrometer  by  two  non-pf>larizabIe  electn>(les,one  placed  ujxni  the 
cut  end  of  the  optic  ner\'e  and  the  other  on  the  cornea,  the  usual 
demarcation  current  is  obtained  due  to  the  injur>'  to  the  optic  ner\'e. 
If  the  preparation  Ls  kept  in  the  dark  and  arrangements  are  made 
■  lo  ihrow  a  light  through  the  pupil  upon  the  retina  the  galvanometer 
indicates  an  electrical   change   or   current   whenever   the  light  Ls 
adniitted.*     The  direction  of  the  current  in  the  eyeball  is  from  the 
fundus  to  the  cornea,  and  as  regards  the  pre-existing  demarcation 
current  it  Ls  in  the  same  direction  and  fonns,  therefore,  a  so-calleil 
fpjsitive  variation.     When  the  electrodes  are  placet!  on  the  longi- 
^tiuiinal  and  the  cut  surface  of  the  optic  nerve,  then,  according  to 
Kuhne,  the  electrical  response  to  light  is  a  negative  variation  similar 
to  that  described  for  stimulation  of  nerves  in  general  (p.  96).     Not 
tonly  Ls  there  a  'Might  respon.se"  each  time  that  the  retina  is  stimu- 
lated by  light,  but  there  is  a  similar  electrical  change,  a  "dark  re- 

•  Dtwar  and  McKendriok,  "  TrAnHnctiona,  Royal  Society,  Edinburgh."  27, 
1873;   Gotch,  "Journal  of  Phy8iolog>*,"  29,  388,  1903,  and  31,  I,  1004. 
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sponse/'  when  the  light  is  suddenly  withcIrav\Ti,  This  last  interest- 
ing fact  woukl  seem  to  indicate  a  stimulation  process  of  some  kind 
in  the  retina  due  to  darkness, — that  is,  withdrawal  of  the  objective 
stimuUts.  The  reaction  is  a  vcr>'  sensitive  one,  lights  so  weak  as  to 
be  near  the  threshold  for  the  human  eye  give  a  distinct  electrical 
change  in  the  frog's  retina,  and  an  eye  that  has  l)een  kept  in  the 
dark  for  some  time  (dark-adapted  eye)  shows  an  increased  sensitive- 
ness. It  is  very  interesting,  also,  to  find  that  the  frog's  retina 
responds  to  a  range  of  Hght  vibrations  that  corresponds  with  the 
limits  of  the  visible  spectrum  as  seen  by  the  human  eye.  If  the 
electrical  response  is  a  true  indication  of  functional  activity  it 
would  appear  that  the  frog's  vision  has  about  the  same  extent  as 
our  own  as  regards  the  ether  waves  t^f  different  |3eriods  of  vibration. 
The  Visual  Purple  Rhodopsin. — The  change  that  takes  place 
in  the  rods  and  cones  whereby  thi^  vibrator^''  encrg}'  of  the  ether 
waves  is  converted  into  nerve  impulses  is  unknown.  It  has  ]^een 
assumed  by  some  observers  that  the  light  waves  act  mechanically, 
the  wave  movements  setting  into  vibration  portions  of  the  external 
segments  of  the  rods  or  cones,  and  that  tliLs  mechanical  movement 
forms  the  direct  excitant  of  the  nerve  impulses.*  The  general 
view,  however,  is  that  the  process  is  photochemical, ^that  is,  the 
impact  of  the  ether  waves  .sets  up  chemical  changes  in  the  rods  or 
cones  which  in  turn  give  rise  to  nerve  impulses  that  are  trani^mitted 
to  the  brain.  We  have  an  analog.y  for  this  action  in  the  knoi^Ti 
change  produced  by  light  upon  sensitized  photograpliic  films.  In 
the  retina  itself  some  ba.si.<  for  such  a  view  is  found  in  the  existence 
of  a  red  pigment  which  is  bleached  by  light.  Tliis  interesting  dis- 
cover}' w;is  made  by  Holl.t  and  the  facts  were  afterward  carefully 
investigated  by  Kiihne.J  The  re<l  j)igment,  known  usually  as 
visual  purple  or  rhodopsin,  is  found  onh'  in  the  external  segments 
of  the  rods;  the  cones  do  not  contain  it.  In  the  fovea,  therefore, 
which  has  only  cones,  the  pigment  is  entirely  absent.  The  existence 
of  the  visual  purple  may  be  demonstrated  vcr>*  easily.  A  frog  is 
kept  for  .some  time  in  the  dark;  it  is  then  killed  and  an  eye  removed 
and  bisected  e^iuatoriall\'.  If  the  vitreous  is  removed  from  the  pos- 
terior half  the  retina  may  be  detachcfl  by  means  of  a  pair  of  forceps. 
When  the  operation  is  perfonne<l  in  red  or  yellow  light,  as  in  photo- 
graphic work,  the  detached  rc^tina  on  examination  by  daylight  is 
found  to  be  a  deep-red  color;  but  after  a  .short  exposure  it  fades 
rapidly,  finally  becoming  colorless.  If  the  frogs  l>eforo  o])eralion 
were   exposed    to    strong   daylight,    the    retina    is   found   to   be 

♦  Zenker,  "Archiv  f.  mik.  AnatomiG,"  3,  248,  1867. 

tBoll,  "Archiv  f.  PhysioloRJe."  1S77.  4. 

i  Kuhne,  "  L'ntereucH.  n.  d.  physiol.  Inst.  d.  Umv.  Heidelberg,"  vol.  i, 
1878.  Also  "The  Photochemistry  of  tlie  Retina,  etc.,"  translated  bv  Foster, 
London,   1878. 
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colorless.  A  similar  pigment  is  found  in  the  eyes  of  man  and 
the  other  mununalia.  It  has  been  shown»  raoreover,  that  a  photo- 
graph may  i>e  made  upon  the  surface  of  the  retina  b\*  means  of  t[jis 
purple.  If  the  head  of  a  rabbit  or  frog  that  has  been  kept  in  the 
dark  for  some  time  is  exposed  with  proper  precautions  to  the  li^ht 
of  a  window,  for  instance,  the  j«irt  uf  the  retina  on  whirh  the  image 
of  the  window-lights  fall.s  will  be  bleacheti,  while  the  parts  upon 
which  the  image  of  the  window-bars  falls  and  the  surrounding  areas 
of  the  retina  will  retain  their  red  color.  A  figure  of  such  a  retinal 
photograf>h  or  optogram,  as  it  is  calle<I,  is  represented  in  the  aceom- 
jKinying  illustration ( P'ig.  133).  The  visual  purple  has  been  extracted 
from  tlie  rods  by  solutions  of  bile  salts,  this  substance  liaving  the 
power  to  discharge  the  pigment  from  its  combination  in  the  rods  in 
the  same  way  as  it  discharges  hemoglobin  from  its  combination  in 
the  red  corjiuscles.  The  wihitions  thus  obtainefi  are  also  bleached 
upon  exposure  to  light.  We  have  in  the  visual  purple,  therefore, 
an  unstable  substance 
y  decompfKseii  or 
tennl  by  the  me- 
ehanical  effect  of  the 
ether  waves,  and  also, 
it  may  be  said,  by 
grofis  mechanical  re- 
actions, such  as  com- 
pression :  and  t  here 
ean  be  little  doubt 
that  the  substance 
plays  an  i  mpcjrta  n  t 
part  in  the  functional 

response  of  the  rod  elements.  It  has  been  shown  that  provision 
exislR  in  the  retina  for  the  constant  regeneration  of  this  red  pigment. 
It  will  be  rememl>ered  that  the  external  segments  of  the  rods  im- 
pinge upon  the  heavily  pigmentetl  epithelial  cells  that  lie  bftwwn 
the  ro<is  and  the  choroid  coat.  From  exf)erinients  ujH)n  frogs'  eyea 
it  appears  that  a  portion  of  the  retina  detached  from  the  pigment 
cells  and  bleached  by  the  action  of  light  is  not  al>le  to  regenerate  its 
visual  purple  nntil  again  laid  back  upon  the  choroid  coat.  This 
regenerating  influence  of  the  black  pigmented  cells  may  be  con- 
nc^cri  with  another  interesting  relation  that  they  exhibit.  Under 
oormal  conditions  delicate  processes  extend  from  these  cells  and 
netrate  between  the  rods  and  cones.  When  the  eye  is  exposed 
light  the  black  pigment  migrates  along  these  processes  as  far  even 
as  the  external  limiting  membrane,  and  it  is  possil)le  that  this  ar- 
rangement may  be  useful  in  ob\iating  diffuse  radiation  of  light 
from  one  rod  to  another.     When  the  eye  is  kept  in  the  dark,  however. 


Ki«. 


I3a. — OntoKnin  in  eye  of  rabbit: 
mat  nppeaniiicc  of  the  retiiu  in  the  mbbit  'a  eye 


The  nof- 
Tbe 
ii»iic  nerve;  ti,  o.  a  cnlorleM  »^trip  o( 
nieiliilliilC'l  norve  ntjerw;  c,  a  rtrip  of  (l<*iirr  rnlor  oepa- 
rating  the  lighter  upper  from  the  uiore  heuvijiy  pigmented 
luver  portion,     'i  «howa  the  optogram  of  m  window. 


entrance  ••!   rhe  npiic  nerve;    f>.  6. 
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the  pigment  moves  outwardly  and  collects  arouiiil  the  external 
segments,  where  the  process  of  regeneration  of  the  visual  purple  is 
taking  place.  Further  evidence  that  the  visual  purple  is  connected 
with  the  irritability  of  the  n>ds  toward  light  stimulation  is  shown 
by  the  fact  that  when  it  is  expjned  to  the  different  rays  of  the  spec- 
trum the  absorption  of  light  is  greatest  in  that  part  of  the  spec- 
tnim  (green)  which  apfx^ars  the  brightest  in  vision  when  carried  out 
under  such  conditions  as  may  be  sup[_H>rtcd  to  involve  the  activity 
chiefly  of  the  rods  (see  below  for  these  conditions).  It  is,  however, 
perfectly  obvious  that  visual  purple  is  not  essential  to  vision.  The 
fact  that  it  is  absent  from  the  fovea  centralis  Ls  alone  sufficient 
proof  of  this  statement.  Moreover,  it  seems  to  be  absent  entirely 
in  the  eyes  of  some  animals;  for  instance,  the  pigeon,  hen,  some 
reptiles,  and  some  bats.  The  most  attractive  view  of  the  function 
of  the  visual  purple  is  that  it  serves  to  increase  the  delicacy  of  re- 
sponse or  imtability  of  the  rods  in  dun  lights, — a  view  that  is  ex- 
plained in  more  <U'taiI  in  the  panigrajjh  below,  dealing  with  the  sup- 
posed difference  in  function  between  the  mils  anil  cones. 

The  Extent  of  the  Visual  Field  —Perimetry . — By  the  visual  field 
of  each  eye  is  meant  the  entire  extent  of  the  external  world  wliich 
when  the  eye  is  fixed  forms  an  image  u|iou  or  is  projected  uj)on  the 
retina  of  that  eye.  From  what  hits  l>eensaitl  prev'iously  regarding 
the  dioptrics  of  the  eye  it  is  oljvious  that  the  visual  field  is  inverted 
upon  the  retina,  and  that,  therefore,  objects  in  the  upper  visual  field 
fall  upon  the  lower  half  of  the  retina,  and  olvjects  in  the  right  half 
of  the  visual  field  fall  uj^jn  the  left  half  of  the  retina.  Since  the 
retina  is  sensitive  to  light  up  to  the  ora  serrala,  it  is  evident  that  if 
the  eye  were  prntnaled  sutticicntJy  from  its  orbit  its  projected  visual 
field  when  represented  upon  a  flat  surface  would  have  the  form  of  a 
circle  the  center  of  which  would  correspond  to  the  fovea  centralis. 
As  a  matter  of  fact,  the  ccjnKguratton  of  the  face  is  such  as  to  cut 
off  a  considerable  part  of  this  field  and  to  give  to  the  field  as  it 
actually  exists  an  irregular  outline.  The  bridge  of  the  nose,  the 
projecting  eyebrows  and  cheek  bones  ser\'e  to  thus  hmit  the  field. 
To  obtain  the  exact  outline  and  extent  of  the  visual  field  in  any  given 
case  it  is  only  necessary  to  keep  the  eye  fixed  aiui  then  to  move  a 
small  object  in  the  different  meridians  and  at  the  same  di.stance 
from  the  eye.  The  limits  of  vision  may  be  obtained  in  this  way 
along  each  meridian  and  the  n^sulfs  combined  upon  an  appropriate 
chart.  An  insmimetit,  the  fx^riuieLer.  has  been  devised  to  facilitate 
the  process  of  charting  the  visua!  field.  It  has  been  given  a  number 
of  different  forms,  one  of  which  is  illustrated  in  Fig.  134.  The  shape 
of  the  visual  fields  in  the  normal  eye  is  represented  in  Fig.  135. 
The  deterinlnatiori  of  the  visual  fields  is  of  es|M'cia]  imfHtrtance  in 
cases  of  brain  lesions  involving  the  visual  area  iu  the  occipital  lobe. 


PROPERTIES   OF  THE   RETINA. 


313 


The  extent  and  portion  of  the  retina  affected  may  be  used  to  aid  in 
locating  the  seat  of  the  lesion.  For  phvsioloKiral  and  for  clinical 
purposes  it  isnecessan'  to  distingiiLsh  between  the  central  (or  direct) 
and  the  peripheral  (or  indirect)  fieldjs  of  vLsion.  The  former  term 
Ls  meant  to  refer  to  that  portion  of  the  fielti  which  falls  ujx>n  the 
fovea  centralis;    in  other  words,  it  is  the  projection,  in  any  tixeil 


Pl«,  134. — Pcrinielrr.  Tlw  «niicircular  bar  may  be  plllc(^l  in  any  meridian.  A 
ilvsa  onieet  15  then  move*)  along  itie  bar  from  without  in  until  it  is  ^u.Ht  perceived.  The 
■IMPiIt  liintancr  at  whirh  tbiH  occun  i.i  uiaj-ked  off  on  the  correspoDduut  meridtAO  on  the 
CHkTt  Hcen  at  the  left  of  the  fif^re.  The  eye  examined  R&aeH  orer  lbs  top  of  the  verlic«l 
tod  at  the  richt  at  a  fixed  point  m  the  middle  of  the  mmicircular  Iwr. 


pofiitlon  of  the  eye,  of  the  fovea  into  the  external  world.  The 
periphenil  field  refers  to  the  rest  of  the  visual  field  invohing  the 
retina  outside  the  fovea.  As  a  matter  of  fact,  all  of -our  distinct  and 
most  useful  vision  in  the  daytime  at  least  is  effected  through  the 
fovea.  When  the  eye  is  kept  fixed  the  small  portion  of  the  external 
world  that  falls  upon  the  fovea  is  seen  distinctly.  All  the  rpst  is 
seen  more  or  less  indistinctly  in  proportion  to  the  distance  of  its 
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retinal  image  from  the  fovea.  In  using  our  eyes,  therefore,  we  keep 
ihem  continually  in  motion  so  as  to  bring  each  object,  as  we  pay 
especial  attention  to  it,  in  the  field  of  centra)  vision.  The  line 
from  the  fovea  to  the  point  looked  at  is  designated  as  the  line  oj 
sight.  The  area  of  the  fovea  is  quite  small.  The  measurements 
given  by  different  observers  vary  somewhat,  especially  as  in  some 
eases  the  measurements  are  estimated  for  the  iwttom  of  the  de- 
pression, the  fundus,  and  in  others  for  the  diameter  from  edge  to 
edge.  The  average  diameter  i.s  usually  given  as  lying  between  0.3 
and  0.4  mm.     Lines  drawn  from  the  ends  of  this  diameter  to  the 
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FiC.  135. — Perimeter  chart  to  show  the  ficlil  of  vinon  for  k  riirht  eye  when  kept  in  a  fixed 

positiou. 

noda!  \mm  of  thr*  eye  subtend  an  angle  of  1  degree  to  1.5  degrees; 
and  therefore  all  objects  in  the  external  world  around  the  line  of 
sight  whose  visual  angle  is  within  this  limit  are  comprised  in  the 
central  field  of  vision, and  their  retinal  images  fall  upon  the  fovea. 
Unilateral  lt*sians  of  rme  occi(>ital  lobe  cause  h:ilf-blindness  (hemi- 
opia)  in  the  retinas  on  the  same  side. — that  is,  lesions  in  the  right 
occipital  lohp  cause  blindness  of  the  right  halves  of  the  retinas,  while 
injuries  to  the  left  occipital  lobes  are  accompanied  by  loss  of  xnsion 
on  the  left  sides  of  the  retinas  (see  p.  Ift'i);  but  such  unilateral 
lesions,  it  is  staled,  do  not  involve  the  central  field  of  vision — only 
the  peripheral  portion  of  the  field  is  afifected.     In  connection  with 
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its  special  functions  in  vision  the  fovea  centralis  possesses  a  peculiar 
structure.  It  forms  a  shallow  depression  in  the  center  of  the  retina 
des<Til)e<l  by  some  authors  a.s  elliptical,  by  others  as  circular  in  out- 
line. In  the  center  of  the  fovea  lies  a  smaller,  very  shallow  depres- 
sion spoken  of  as  the  foveola.  The  diameter  of  the  fovea,  as  stated 
above,  is  estimated  differently  by  iUfferent  authoiv.  While  meas- 
ui^Mnents  on  preserved  specimens  give  the  diameter  a^  0.2  to 
0.4  mm.,  ophthalmoscopic  examination  seems  to  indicate  that  in 
the  fresh  state  it  may  be  larger.  Acconiing  to  Fritj<ch,*  the  fundus, 
reckoned  frc»m  the  point  at  which  the  (.lepression  begins,  has  a  diam- 
eter of  0.5  to  0.75  mm.  Within  the  fovea  cones  only  are  present, 
and  these  cones  are  longer  and  more  slender  (diameter,  0.002  mm.) 
than  in  the  rest  of  the  retina.  Moreover,  the  thickness  of  the  retina 
itf  miirh  reduced  in  the  fovea,  whence  arises  the  depression.  At 
point  the  coneh  are  practically  exposed  directly  to  the  light, 
whereas  in  other  parts  the  light  must  penetrate  the  other  layers 
before  reaching  the  rmls  and  cones.  Lying  aroimd  the  fovea  is  an 
aPTft  about  6  mm.  in  diameter,  of  a  yelloui.sh  color,  and  hence 
known  as  the  macula  lutea.  Central  vLsion  is  sometimes  designated 
erroneously  as  macular  \ision  instead  of  foveal  vision. 

Visual  Acuity. — Thn  distinctness  of  vi.^ion  varies  greatly  in 
different  ]>arti^  of  the  retina.  It  is  u.sually  measured  by  bringing 
two  fine  lines  cIosct  and  closer  together  until  the  eye  is  unable 
lo  see  them  as  two  distinct  objects.  Meajsuretl  in  this  way  it  is 
usually  stated  that  when  the  distance  between  the  lines  subtends  an 
angle  of  1  minute  (G()  seconds)  at  the  eye  the  limit  of  visibility  is 
reached.  This  angle  on  the  retina  comprises  an  area  of  about  0.004 
mm.  in  diameter,  sufficient  to  cover  two  cones  in  the  fovea.  A 
■dmpler  method  to  ascertain  the  size  of  a  just  perceptible  image 
on  the  retina  is  to  use  a  black  spot  upon  a  white  background.  At  a 
.pifficient  distance  this  objert  will  Ije  invisible,  but  if  brought  closer 
%)  the  eye  it  will  Im'  just  seen  at  a  certain  di-stancc.  The  diameter 
of  the  spot  being  known,  and  its  distance  from  the  eye,  the  size  of  the 
retinal  image  may  l>e  calculated.  Using  this  method.  Guillery 
estimated  the  size  of  the  just  perce(>tible  retinal  image,  or,  as  it 
has  \teen  appropriately  calle<l,  the  phf/siological  ]X)uU,  at  0.0035  mm. 
Thcf^e  estimates  apply  only  to  the  fovea,  and,  indeed,  to  the  central 
pan  of  the  fovea,  the  foveola.  Numerous  authors  have  called 
attention  to  the  fact  that  the  size  of  the  phy.siological  j>oint  for  the 
fovea  varies  with  the  intensity  of  illumination.  The  estimates 
given  aic  for  ordinan'  room  light.  Out  of  doors,  and  esf)ecially  in 
the  case  of  pereons  who  hve  habituaDy  an  outdoor  life,  the  physio- 

tKch.  " Rit«unpbericht«  d.  kOni^.  Akad.  d.  Win.."  Berlin,  1900. 
Uery.  '*ZeitM*nnft  f.  Psycholope  u.  Physiol,  d.  Sinnesurganc."  12, 
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logical  point  is  smaller — less  than  half  the  size  given  above.     We 
miiv  lx»Iieve,  therefore,  that  under  the  most  favoral)le  conditions 
we  can  iM?rceive  an  object  whoi^^  image  on  the  fovea  is  less  than  the 
diameter  (0.*>02  inrii.)  of  a  single  cone.     The  acuity  of  vision  does 
not  van'  greatly  throughout  the  fovea;   any  object  whose  retinal 
image  falls  well  witiiin  the  fovea  can  be  seen  quite  distinctly  in  all 
of  its  parts  when  the  eye  is  fixed  for  the  center  of  the  object.     This 
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Fig.    136. — Curve  to  show  the  relative  acuity  of  \-i(iion  in  (he  central  and  iieripheral 
fielda  ftnd  in  ttw  lixht-utlaptml  au'l  the  (lurk.'iL<lu|ittvJ  eye. — (Kitr-nter.)     The  full  line  repro- 
aenta  the  relative  acutene^ii  nf  vi«on  in  the  eye  expoiied  to  uatml   iUuniiaatiau.      From  the 
oenter  of  the  fovea,  0**,  the  acuity  of  viiuoQ  fulls  mpidly  at  first  srtil  tboD  more  slowly  ma  orift 
pmmeo  outward  into  the  peripheral  field.     The  dotted  line  repreaeata  the  acuity  uf  vision  ia 
dim  lichtff.     The  fovea,  it  will  be  noticed.  i»  less  sensitive  than  the  parte  of  the  retina  at  aa 
aiicul&r  distance  of  10^  or  even  60**. 

is  the  cft.sp,  for  instance,  with  the  moon.     Nevertheless,  in  looking 
at  such  an  object  as  tlie  moon  the  eye  to  make  out  details  will 
fixate  one   point  after  another^  showing  that  for  most  distinct 
vision  we  use  probably  only  the  center  of  the  fovea.     As  we  pass  out 
from  the  fovea  in  the  peripheral  field  of  vi.sion  the  acuity  of  vision 
diminishes  at  first  very  rapidly,  so  that  at  20  degrees,  for  instance, 
from  the  center  of  the  fovea  the  physiological  point  on  the  retina  ia 
0.035  mm.;  that  is,  it  has  a  diameter  ten  times  as  large  as  in  the 
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fovea.  On  this  account  our  vision  in  the  peripheral  field  is  veiy 
indLstinct. — <letails  of  fomi  cannot  !)e  clearly  i>erceived.  The 
rapidity  with  which  visual  acuity  tliminislies  as  we  pass  outward 
from  tlie  fovea  is  indicated  by  the  cune  given  in  Fig.  13(i.  In  all 
dose  work,  therefore,  we  keep  our  eyes  moving  continually  so  as  to 
bring  one  point  after  another  into  the  center  of  the  fovea,  as  is  well 
il]u8trate<l  by  the  act  of  reading.  If  the  eye  is  kept  fixed  upon  the 
central  letter  of  a  long  word,  only  one  or  two  Jettere  on  each  side 
can  be  made  out  distinctly  in  spite  of  the  fact  that  with  such 
familiar  objects  we  can  guess  the  letter  even  when  the  image  is  not 
eiilirt»ly  distinct.  In  ophthalniukj^ical  prarlin*  ihe  acuity  of  vision 
(central  vision)  is  nicasurctl  usuallv  by  test  letters  whose  size  is 
such  that  at  the  distance  at  which  they  are  read — say,  6  meters  {20 
feet),  the  practical  far  point  at  whicii  no  accommodation  is  needed — 
each  subtends  at  the  eye  an  angle  of  5  minutes.  An  eye  that  can 
distinguish  tlie  letters  at  this  (Jistancc  Is  said  to  Ih*  nonual;  one  that 
can  distinguish  them  only  at  a  vsmaller  distance  or  at  the  given 
distance  requires  letters  of  larger  siz<'  hius  a  fcuhnomial  acuity  of 
\-ision.  If,  for  instance,  an  intlividual  at  20  feet  can  read  only 
those  letters  that  the  nrjrmal  eye  can  distinguish  at  IW)  feet  his 
\i«ual  acuity,  V,  is  equii!  to  t^^^ff. 

Relation  between  the  Amount  of  Sensation  and  the  Intensity 
of  the  Stimulus— Threshold  Stimulus. — With  the  sensory  as  with 
the  motor  nerves  we  may  distinguish  l^tween  various  degrees  of  snib- 
maxinial  stinmlation.  'i'he  stronger  the  stimulus,  the  stronger  the 
reaction,  -that  Ls,  in  the  case  of  the  optic  ner\'e,  the  visual  sensation. 
The  end  reaction  of  the  activity  of  a  sensor>'  nerve  is  a  state  of  con- 
aciouBDesB.  The  variations  in  magnitude  of  this  state  can  not  be 
meamued  with  objective  exactness,  they  must  be  judged  subjectively 
by  the  individual  concerned.  A  stimulus  too  weak  to  give  a  re- 
spon.se  with  a  motor  nerve  is  usually  designated  in  physiolog}'  as 
subminimal;  a  similar  stimulus  with  9ensor>'  ner\'e»  is  frequently 
expit'-ssed  by  the  efjuivulent  term  subliminal, — that  is,  below  the 
threshold.  So  a  stinudus  just  stn)ng  enough  U)  provoke  a  percep- 
tible reaction  is  the  minimal  stimulus  for  efferent  ner\'es  and  the 
threshold  stimulus  for  sensory  nerves.  Inasnmch  as  the  variations 
in  the  intensity  of  consciousness  can  not  Iw  a<le<iuately  measured, 
it  is  customar>',  in  studying  the  relations  of  the  strength  of  stimulus 
to  the  conscious  respoase,  to  pay  attention  to  the  strength  of  stimu- 
lus under  any  given  condition  which  is  sufficient  to  arouse  a  just 
^rcepfible  difference  in  the  conscious  reaction.  Proceeding  upon 
4his  method,  it  is  found  in  the  cas<»  of  the  visual  sensations  and  the 
optic  ner\'e.  as  with  other  sensations  and  their  corresjx>nding  ner\'es, 
that  the  increase  of  stimulus  necessary  to  cause  a  just  perceptible 
change  in  consciousness  varies  with  the  amoimt  of  stimulas  already 
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acting.  If,  for  instance,  the  retina  is  being  stimulated  by  a  light  of 
1  candle  power  an  increase  of  illumination  to  1.1  candle  power  may 
make  a  perceptible  difference  in  sensation.  But  if  the  retina  is 
being  illuminated  by  a  light  of  10  candle  power  an  increai<*  to  10.1 
candle  power  would  probably  make  no  perceptible  difference.  For 
a  certain  range  of  stimulation,  in  fact,  it  has  been  stated  that  the 
increase  in  stimulus  must  be  a  constant  fractional  jmrt  of  the  stimu- 
lus already  acting.  That  is,  in  the  hyix)thetical  case  given,  if,  with 
1  candle  power,  an  increai?e  to  1.1  candle  power  makes  a  just  jier- 
ceptible  difference  in  consciousness,  then  with  10  candle  power  an 
increase  of  ^^  of  the  acting  stimulus,  namely — 1  candle  power — will 
be  nece8sar>'  to  cause  a  perceptil)le  difference.  The  relation  as 
expressed  in  this  form  is  known  as  Welx?r's  law;  but  it  seems  prol>- 
able  that,  while  the  general  fact  is  tnie,  this  exact  expression  of  it 
holds  only  approximately  for  an  intermediate  range  of  stimulatioru 
In  this  matter  of  a  threshold  stimulus  the  sensitiveness  of  the 
retina  shows  also  certain  interesting  differences  in  the  foveal  as 
compared  with  the  jx»rii>henil  field.  The  difference  is  especially 
marked  when  the  reaction  of  the  retina  in  strong  lights  is  compared 
with  its  reaction  in  dim  lights. 

The  Light-adapted  and  the  Dark-adapted  Eye. — The  con- 
dition of  the  retina  changes  when  after  exposure  to  light  it  is  sub- 
mitted to  darkness,  the  change  l>eing  most  marked  in  the  peripheral 
field.  The  change  is  known  as  an  adaptation,  and  in  this  respect 
the  retina  diffei's  from  the  sensitive  pholograpliic  plate.  ^Mien  the 
eye,  for  instance,  Is  kept  in  the  dark,  the  .sen.sitivene.ss  in  the  periph- 
eral field  increases  during  an  hour  or  so,  while  that  of  the  foveal  field 
is  apparently  unchanged.  With  such  a  dark-aiiapted  eye,  there- 
fore, there  will  be  a  certain  dim  light  which  will  be  seen  by  the 
peripheral  parts  of  the  retina,  but  perhaps  will  cause  no  reaction 
upon  the  fovea.  For  such  a  degree  of  light,  therefore,  the  fovea 
would  be  blind.  This  general  fact  lias,  indeed,  long  l>een  known. 
Anyone  may  notice  in  late  twilight,  when  the  stars  are  l>eginning 
to  appear,  that  a  verv  faint  star  may  disappear  when  l(x>ked  at, — that 
Is,  when  its  image  Ls  brought  upon  the  fovea  ;lo  see  it  one  must  direct 
his  eyes  a  little  to  the  side,  so  as  to  bring  its  image  into  the  periph- 
eral field.  This  greater  sensitiveness  of  the  dark-adapted  eye  in 
the  peripheral  field  where  the  rods  predominate  over  the  cones  seems 
to  be  associated  with  the  movement  i\f  the  pigmont  in  the  pigment 
epithelium  (see  above)  and  the  resulting  regeneration  of  the  visual 
purple  in  the  external  segment.s  of  the  rods.  The  increase  in  the 
visual  purple  in  the  dark  may,  indeed,  account  for  the  increased 
sensitiveness  to  light  in  the  rod-region  and  explain  why  a  similar 
increase  fails  to  occur  in  the  fovea,  where  only  cones  are  present. 
The  curve  given  in  Fig.  136  shows  that  in  the  rlark-adapted  eye 
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the  acuity  of  \ision  in  the  peripheral  field  is  greater  than  in  the 
fovea.  In  accordance  with  tht\se  fact«  von  Kries*  has  suggested  that 
the  rods,  the  peripheral  field  of  the  retina,  are  especially  adapted 
for  vision  in  dim  lights,  lught  ^lsion,  while  tJie  cones  are  eepecially 
adapted  for  viidon  in  strung  lights,  day  vision.  This  general  fact 
will  {>erluips  accord  with  the  experience  of  anyone  wlio  ailenipts 
to  Gstimate  the  value  of  hi.s  [x^ripheral  vision  in  tlini  nightlight  as 
compared  with  daylight.  Other  interesting  differences  in  the  reac- 
tion of  the  light-adapted  and  the  dark-adapted  eye  are  referred  to 
below  in  connection  with  color  blindness. 
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CHARACTERISnCS  OF  THE  VISUAL  SENSAHONS* 

In  addition  to  the  spatial  attributes  connected  ^nth  our  visual 
sensations — that  is,  the  perception  of  fomi^they  are  characterized 
by  two  properties  which  may  l>e  descril>ed  in  general  as  variations 
in  inten>dty  and  in  quality, 

Luminosity  or  Brightness. ^Tliat  characterLstic  which  we 
describe  as  the  lununosity  or  brightness  of  a  visual  sensation  has 
been  definetl  differently  by  various  writers.  We  may  consider  it, 
however,  as  the  expression  of  the  intensity  of  the  acting  sumulus. 
Sensations  of  the  same  quality  are  ea>ily  comparetl  as  regards  their 
brightness.  We  can  tell  as  Ix'tween  two  whites  or  two  greens  which 
is  the  brighter  of  the  two.  but  when  two  difTercnt  quaUties — a  red 
and  a  green  sensation,  for  instance — are  conqxired  our  subjective 
detennination  of  the  relative  brightness  is,  for  most  persons,  difficult 
or  imposeible  to  make.  To  a  lesser  degree  the  difficulty  is  similar 
to  tJiat  of  the  coniiMirison  of  sight  and  sound.  Acconling  to  the 
conception  a<lopted  here,  however,  that  the  brightness  is  an  ex- 
pronninii  of  the  intensity  of  the  stimulus,  an  objective  standard  of 
comparison  might  1^  ohtaine(i  by  mejisuring  the  resulting  action  cur- 
ivntfi  in  the  optie  ner\'e  fibers.  When  tlie  spectral  colors  are  ex- 
amined it  is  obvious  that  some  of  the  colors  are  brighter  than  others, 
the  extreme  red  and  extreme  violet,  for  instance,  possessing  little 
luminosity  as  compared  with  the  yellow.  The  relative  brightness 
of  the  different  spectral  colors  is  found  to  varA'  with  the  amount  of 
illumination,  as  is  shown  in  the  curves  g^ven  in  Fig.  137.  With  a 
brilliant  spectrum  the  maximum  brightness  is  in  the  yellow,  but 
with  a  feeble  illumination  it  shifts  to  the  green.  This  fact  accords 
with  what  Is  known  as  the  "Purkinje  phenomenon," — namely,  the 
changing  luminosity  and  color  value  of  colors  in  dim  lights.  As  the 
light  becomes  more  feeble  the  colors  toward  the  red  end  of  the 
•pectnim  lose  their  quality,  the  blue  colors  bt4ng  perceived  last  of 


•  Von  Knee. 
9,  SI.  IftdS. 
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all.  Ju8t  as  in  late  twilight  it  may  be  noticed  that  the  sk>'  remmna 
distinctly  blue  after  the  colors  of  the  landscape  become  indis- 
tinguishable. With  a  very  feeble  illumination  the  dark-adapted  eye 
becomes  practically  totally  color  blind. 

Qualities  of  Visual  Sensations. — The  different  qualities  of  our 
color  sensations  may  be  arranged  in  two  series;  an  achromatic 
series,  consisting  of  white  and  black  and  the  intermediate  grays, 
and  a  chromatic  series,  comprising  the  various  spectral  colors,  to- 
gether with  the  purples  made  by  combination  of  the  two  ends  of 
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Fijc-  137. — DiaffTvm   shnwins  the  distribution  of  the  intennty  of  thm 
t«r»)eiit  nxMin  th«  ileii^ree  of  illumination.     The  spcctrurn  is  r«prettenl«d  alone  ^!* 
fhtt  mimmmh*  j^vina  Lhp  wnve  l«nRths  from  rt-d.  670,  to  violet.  430.       Tfaa  on 
U*  iHBfaio«aty  of  the  difTvrent  coloni.      Kiahi  curves  are  ipwn   to   «ho«  %hm 
StUthnt&an    of    rflntive    hrighlnefM   with    rnuni;eH   in    degree   c^   iltumiiMiiaa. 
Crmteit  Uluminiition   the  maximum  hri|chtne»4  t<i  in  the  yellow  (BfB  IJTS): 
iDuminatJ/in  it  iihiftJi  to  the  EToea  (hZ&)  .—{KOnia.) 

the  i^)ectrum,  refi  and  blue,  and  the  colors  obtained  by  fusion  cf 
the  spectral  colors  with  white  or  with  black,  such,  for  instanee,  10 
the  olives  and  browns. 

The  Achromatic  Sfrics. — Our  standard  white  sensatioB  is  tiM 
Maaed  by  Hunli^ht.  Objects  reflecting  (o  our  eye  aO  the  Hsifale 
myn  of  the  (mnlight  give  us  a  white  sensation.  This 
theKfofy^,  is  <lue  primanly  to  the  combined  action  of  aO  the ' 
my*  of  tJu'  ffjN'ctniiM.  inch  of  which,  taken  sepamtely,  woold  giw 
Qt  a  color  M!nsation.     White  or  gray  may  be  produeed  ate  far  the 
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combined  anion  of  certain  pairs  of  colors, — complementary  colors, — 
as  ifi  de»cril>eii  below.  Black,  on  the  contmrv,  is  the  sensation 
caused  by  withdrawal  of  light.  It  must  be  einpha.sized  that  in 
Older  to  see  black  a  retina  must  be  present.  It  is  probable  that 
a  person  with  both  eyes  enucleated  lias  no  s<»nsiiti()n  of  diirkne,«s. 
That  black  is  a  seniMition  referablf  to  a  condition  of  the  retina  is 
made  pniliable  also  by  the  interesting  observations  recorded  by 
Goteh,* — namely,  tliat  when  im  eye  that  hah  been  exposed  to  light 
is  suddenly  cut  off  from  th*'  light  there  is  an  electrical  change  in  the 
retina,  a  dark  response,  similar  to  that  caused  by  throwing  li^ht  on 
a  retina  previously  kept  in  the  dark.  Illacknetis,  therefore,  is  a 
sensation  produced  by  withdrawing  light  from  the  retina,  and  a 
black  object  is  one  that  reflects?  no  light  to  the  eye.  Black  may  be 
combined  with  white  to  produce  the  scricts  of  grays,  antl  when  com- 
bine<i  with  the  spectral  colors  it  gives  a  series  of  n^odificd  cr>lor  tnncs, 
thus  the  olives  of  different  shades  may  be  considered  as  combina- 
tions of  green  and  blH<*k  in  varying  proportions. 

The  chrofTutlic  scrws  con.sists  of  those  tiiialities  to  which  we  give 
the  name  of  colors,  and,  as  stated  above,  they  comprise  the  spectral 
colors,  and  the  extraapectral  color,  purple,  togethei  with  the  hght- 
weak  an<l  light-strong  hues  obtained  by  combining  the  cohjrs  with 
white  or  black.  In  the  spectrum  man}'  difftrtnt  colors  may  be 
detectecl, — some  observers  record  as  many  as  one  himdrt^d  and 
sixty, — but  in  general  we  give  specific  names  only  to  those  that 
stand  sufficiently  far  apart  to  represent  quite  distinct  sensations, — 
namely,  the  red,  orange,  yellow,  green,  blue,  and  violet.  When 
light  is  taken  from  a  ilefinite  limited  portion  of  the  sjX'ctrum  we 
have  a  monochromatic  light  that  gives  us  a  dislinrt  color  sensation 
vanning  with  the  wave  length  of  the  f>orlion  chosen. 

Color  Saturation  and  Color  Fusion. — The  term  saturation  as 
applievl  to  colors  is  meant  to  define  their  freedom  from  accompany- 
ing white  sensation.  A  perfectly  saturate<l  color  would  Ije  one 
entirely  free  from  mixture  with  white.  On  the  objective  side  it  is 
easy  to  select  a  monochromatic  btm<ile  of  rays  from  the  spectnim 
without  admixture  of  white  light,  l>ut  on  the  physiological  side  it  is 
not  prr)bable  that  the  color  sensation  tlius  produced  Ls  entirely  free 
from  white  sensation,  since  the  monf>chromatic  rays  may  initiate 
in  the  retina  not  only  the  specijic  pn^cesses  underlying  the  pro- 
duction of  its  special  color,  but  at  the  same  time  give  nap  in  some 
depTPc  to  the  processes  causing  white  sensations.  Even  the  spectral 
colors  are  therefore  not  entirely  saturated,  but  they  come  as  near 
to  giving  us  this  condition  as  we  can  get  without  changing  the  state 
of  the  retina  itself  by  p^e^iou8  stimulation. 

Color  Fvifion. — By  color  fusion  we  mean  the  combination  of  two 
♦  Gotch.  "  Joumid  of  Phyaiokjgy."  29,  38.S,  1903. 
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or  more  color  processes  in  the  retina,  this  end  being  obtained  b}' 

superposing;  uix>n  tin'  same  purtion  of  t!ie  retina  the  rays  giving 
rise  to  these  color  processes.  It  must  be  lx)me  in  mind  that  color 
fusion  upon  the  retina  is  quite  a  different  thing  from  color  mixture 
as  practised  by  the  artist.  A  blue  pigment,  such  as  Prussian  blue,J 
for  instance,  owes  il.s  l>lue  color  to  the  fact  that  when  simlight  fallsi 
upon  it  the  red-yellow  rays  are  absorbed  and  only  the  blue,  with 
some  of  the  green,  rays  are  reflected  to  the  eye.  So  a  yellow  pig- 
ment, chrome  yellow,  absorlis  the  blue,  violet,  and  red  rays  and 
roHect-s  to  the  eye  only  the  \ellow  with  some  of  the  green  rays.  A 
nuxtureof  the  two  up<^m  the  palette  will  absorb  all  the  rays  except 
the  green  and  will  therefore  appear  green  to  the  eye.  If,  however, 
by  means  of  a  suitable  ilevice,  we  ihniw  simidtaneously  upon  the 
retina  a  blue  and  a  ycliuw  li^ht,  the  result  of  the  retinal  fusion  is 
a  sensation  of  white.  Many  diffcnMit  methods  have  been  employed 
to  thro^v  colors  simultaneously  upon  the  Retina,  the  most  i)erfect 
being  a  system  of  lenses  or  mirrors  by  which  different  iiortions  of 
a  sfx^ctnmi  can  be  super|X)sed.  The  usual  device  employed  in 
laboraton' exj^eriments  is  that  of  rotation  of  discs  of  colored  paper. 
Each  disc  has  a  sUt  in  it  from  center  to  jieriphery  so  that  two  discs 
can  Ik?  fitted  together  to  expose  more  or  less  of  each  color.  If  a 
combination  of  this  kind  is  attached  to  a  small  electrical  motor  it 
can  be  rotated  so  rapit.lly  tlmt  the  impressions  of  the  two  colors 
upon  the  retina  follow  at  such  a  short  inter\'al  of  time  as  to  be  prac- 
tically simuhaneous- 

The  Fundamental  ajid  the  Complementary  Colors,— By  the 
methods  of  color  fusion  it  can  be  shown  tliat  thi-ee  colors  may  be 
selected  from  the  sju'clnmi  whose  comhiuations  in  different  propor- 
tions will  give  white  or  any  of  the  interniediale  color  shades,  or 
purple.  Conjsidered  purely  objectively,  a  set  of  three  such  colors 
may  be  designated  as  the  fundamental  colors^  and  red,  yellow,  and 
blue,  or  red,  groen,  and  violet  have  been  the  three  colors  selected. 
On  the  physiological  side,  however,  it  has  been  assunieri  that  there 
are  certain  more  or  less  inLieijendent  color  pRicesses — photochemical 
procejises — in  the  retina  which  give  us  our  fundamental  color  sen- 
sations, and  that  all  otht*r  color  sensations  are  combinations  of  these 
processes  in  var>-ing  proportions  with  each  other  or  with  the  proc- 
esses causing  white  and  black.  Referring  only  to  the  colors  proper, 
the  fundamental  color  sensations  according  to  some  views  are  red, 
green,  and  blue  or  violet;  according  to  others,  they  are  red,  yeUow, 
green,  and  blue.     (See  paragraph  on  Theories  of  Color  Vision.) 

HelmhoU/  calls  attention  to  the  fact  thftt  the  narnca  used  for  these  funda- 
mental color  sensations  arc  obviously  of  ancient  oripin,  thus  indicating  that 
the  difTcrpnce  in  f(ua!ity  of  the  sensations  has  been  long  recognized.  Red  \b 
from  tho  Sanskrit  rudhira,  blood;    blue  from  the  same  root  as  blow,  and  re- 
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fere  to  the  color  of  the  air:  grvcn  from  the  same  root  aa  ctow,  referring  to  the 
m\oT  of  vegetation.  Yellow  8e«ms  to  bo  derived  from  tno  same  root  as  gold, 
which  typified  the  cx>lur.  The  other  less  ilistinct  quulilies  luive  namee  of 
recent  appUcation,  such  as  oraiige,  violet,  indigo  blue,  etc. 

Complementary  Colors. — It  has  been  found  by  the  methods  of 
color  fusion  that  certain  pairs  cif  colors  when  combined  give  a  white 
(ng^  sensation.  It  may  be  said,  in  fact^  that  for  any  given  color 
wre exists  a  complement  such  that  the  fusion  of  the  two  in  suitable 
proportions  gives  wliite.  If  we  confine  ourselves  to  the  spectral 
colors  we  recognize  such  conipleiiientary  pairs  as  the  following: 

hRed  and  greenish  blue. 
Orange  and  cyan  blue. 
Yellow  and  indigo  blue. 
Cireenish  yellow  and  violet. 
The  coniplementar>'  color  for  green  is  the  extraspectral  purple. 
v.vJors  that  are   closer   together  in    the  spectral  series   than  the 
complementarics  give  on  fusion  some  intermediate  color  which   is 
more  saturated — that  Ls,  less  nuxed  with  white  sensation — the  nearer 
the  colors  are  together.     Thus,  red  anti  yellow,  wlien  fused,  give 
oiBnge.     Colons  farther  apart  than  the  distance  of  the  comple- 
mentarics give  some  slmde  of  purple.     On  the  physical  side,  there- 
fore, we  can  produce  a  sensation  of  white  in  two  ways:  luther  by  the 
I    combined  action  of  all  the  visible  niys  of  the  spectnmi  (sunlight) 
or  by  tlie  combined  action  of  pairs  of  colors  whose  wave  lengths  vary 
by  a  certain  inter\'al.    It  is  probable  that  in  the  retina  the  processes 
induced  by  these  two  methotLs  are  qualitatively  the  same,  the 
wave-lengths  represented  by  the  complementary'  colors  setting  up 

I  by  their  combined  action  the  same  photochemical  processes  that 
normally  are  induced  by  the  sunlight. 
After-images. — As  the  name  impHes,  this  term  refers  to  images 
that  remain  in  consciousness  after  the  objective  stimulus  has  ceased 
to  act  upon  the  retina.  They  are  due  doubtless  to  the  fact  that  the 
changes  set  up  in  the  retina  by  the  visual  stimulus  continue,  with 
or  without  modification,  after  the  stimulus  Ls  withdrawn.  After- 
imagee  are  of  two  kinds:  positive  and  negative.  In  the  jwsitive 
after-images  the  visual  sensation  n^tains  its  normal  colors.  If  one 
looks  at  an  incandescent  electric  light  for  a  few  seconds  and  then 
■  clones  his  eyes  he  continues  to  see  the  luminous  object  for  a  con- 
V  fliderable  time  in  it«  normal  colors.  Objects  of  much  less  intensity 
^  Hi  illumination  give  pa**itive  after-images,  especially  when  the 
eyes  have  been  kept  clased  for  some  time,  as.  for  instance,  upon 
waking  in  the  morning.  In  negative  after-images  the  colors  are  all 
rerenied, — that  is,  they  take  on  the  complementar>'  qualities  (see 
Fig.  138).  White  l>ecomej*  black,  red  a  bluish  green,  and  lice  versa. 
Negative  after  images  are  produced  very  easily  by  fixiug  the  eyes 
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steadily  upon  a  given  object  for  an  interval  of  twenty  seconds  or 
more  and  then  closing  them.  In  the  case  of  colored  objects  the 
after-image  is  shown  hetter,  j)erhaps,  b^'  turning  the  eyes  upon  a 
wlxite  surface  after  the  jx^rioil  of  fixation  is  over.  After-images 
proiiuced  in  this  way  often  appear  and  disappear  a  number  of 
times  l>efore  ceasing  entirely,  and,  although  the  color  at  first  is  the 
complementary  of  that  of  the  object  Ifwked  at,  it  may  change  before 
ius  final  «Iisap[)oarance.  Anyone  who  has  gazed  for  even  a  brief 
interval  at  the  setting  sun  will  remember  the  number  of  colored  and 
charif^ing  after-images  seen  far  a  time  when  the  eye  is  turned  to 
another  jwjrtion  of  the  sky.  That  several  different  after-images 
are  seen  in  this  case  is  due  to  the  fact  that  tlie  eyes  are  not  kept 
fixed  under  the  dazzling  light  of  the  sun,  and  a  number  of  different 
images  are  formed,  tlierefore,  ujxm  the  retina. 

After-inuigcs  may  Ix;  used  in  a  verj*  instmctive  way  to  show  that 
our  estimates  of  the  Azg  of  a  retinal  image  var}-  with  the  distance  to 
which  we  pn^ject  it.^that  is,  with  the  distanee  at  which  we  suppose 
we  see  it.  Once  the  image  is,  so  to  speak,  bninded  on  the  retina, 
its  actual  size,  of  course,  does  not  var>',  but  our  judgment  of  its  size  I 
may  be  matle  to  varv'  rapidly  by  projecling  the  image  upon  screens  at 
different  distances.  If,  for  instance,  in  obtaining  the  after-image 
of  the  sti'ijis  shown  in  Fig.  I'iS  one  moves  the  white  paper  used 
to  catch  the  image  toward  and  away  from  the  eye,  tlie  apparent  size 
varies  proportionally  to  ita  distance. 

Color  Contrasts. — By  color  contrast  is  meant  the  influence 
that  one  color  field  hixs  ujxin  a  contiguous  one.  If ,  for  instance,  a 
piece  of  blue  |m]>er  is  laid  ufwn  a  larger  yellow  s(iuarc,  the  color 
of  each  of  them  is  heightened  by  contrast.  A  piece  of  blue 
pajK^r  on  a  blue  background  does  not  ap|K»ar  so  satiirate<i  as  when 
placed  against  a  yellow  Imckground.  The  influences  of  contrast 
may  \ye  shown  in  a  gruat  variety  of  ways.*  For  instance,  if  a  disc 
like  that  in  the  iHustration,  Fig.  140.-1  ,  is  rotatedrapidly.it  should 
give  circles  of  gray,  the  darkest  at  the  middle;  but  each  circle  should 
be  uniform  as  it  is  made  by  the  fusion  of  a  definite  amount  of  wlute 
and  black.  *.)n  the  cf>ntmr>'.the  appearance  obtained  is  timt  repre- 
sented iu  Fig.  14(>J3.  Each  circle  appears  dark(*r  on  its  outer  edge  , 
where  it  borders  on  a  lighter  circle,  and  lighter  on  its  inner  edge  where 
it  borders  on  a  darker  circle.  Similar  contra,stxS  may  beobtained  from 
comparing  shadows  cast  by  yellow  aurl  white  light.  If  a  rod  l>e 
arranged  in  a  <lark  rf)om  so  as  to  cast  a  shadow  from  an  ojx>ning 
admitting  daylight  and  one  also  from  a  lighted  candle, either  shadow 
taken  separately  apjijears  black,  but  if  the  two  arc  cast  side  by  side 
one  will  appear  blue,  the  other  yellow.  The  shadow  cast  by  the 
dayhght,  l>eing  ilkiminated  by  the  yellow  candle-light,  will  appear 
♦Rood,  "Modern  Chromatics,"  "International  Scientific  Seriea," 
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yellow,  and  the  other  shadow,  that  from  the  candle-light,  will  by 
contrast  seem  quite  blue.  A  striking  instance  of  the  effect  of  con- 
trast ia  pven,  also,  by  the  simple  experiment  of  Mayer,  illustrated 
in  FSg.  139.  The  gray  square  on  the  green  background  suffers  no 
apparent  change  from  contrast,  but  if  the  figure  is  covered  by  a 
sheet  of  white  tissue  paper  the  gray  .s<[uare  at  once  takes  on  a  red- 
dish hue.  It  is  evident  that  in  all  artistic  mid  oriminent^il  employ- 
ment of  colors  this  influence  must  he  con.sidered,  and  empirical 
rules  are  eatablishe<l  which  indicate  for  the  normal  eye  the  bene- 
ficial or  the  kilUng  effect  of  different  colors  when  brought  into 
juxtaposition. 

Color  Blindness. — The  fact  that  some  eyes  do  not  possess 
normal  color  vision  does  not  seem  to  have  attracted  the  attention 
of  scientific  observers  until  it  was  studied  with  some  care  by  Dalton, 
the  distinguished  English  chemist,  at  the  cn<l  of  the  eighteenth 
oentun*.     Dalton  himself  suffered  from  color  blindness,  ami  the 


fis.   140.4— BUck  and  white  diAO  for  ex- 
pcrimexit  on  ccmtnut. — {Hood.) 


Fig.    l-Wfl.— Showing  the  rwult  when  thm 
mstc  A  in  set  intu  rapid  rotaiion. — {lUtod.) 


particidar  variety  exhibited  by  him  was  for  some  time  described 
as  Daltonism,  but  is  now  usually  designated  as  red  blindness.  The 
subject  was  given  practical  importance  by  later  obserwrs,  espe- 
cially by  the  Swedish  physiologist  Holmgren.*  who  emphasized  its 
relations  to  pogsil)le  accidents  by  rail  or  at  sea  in  connection  with 
colore<l  signals.  It  is  now  the  practice  in  all  civilized  countries  to 
require  testa  for  color  blindness  in  the  case  of  those  who  in  railways 
or  upon  vessels  may  be  responsible  for  the  interpretation  of  signals. 
The  numerous  statistics  that  have  l>een  gathpmd  show  that  the 
defect  Is  fairly  prevalent,  especially  amonj;  men.  It  is  said  that 
on  the  average  fn^m  2  to  4  per  cent,  are  color  blind  among  males, 
while  among  women  the  proportion  is  much  smaller,— ^.01  to  I  per 
cent.     Among  the  pooriy  etlucat<*d  classes  the  defect  is  said  to  be 

•  HolmicrCT),  "Color  Bltndncas  in  it«  lielaltonn  to  Accidenta  by  Rail  and 
Sea," "8mith»onian  Iimtitution  KcportvS,  "  Washington.  1878.  Sec  alflo  JefTries^ 
"Color  Blindn«as,  its  Dangers  and  iU  Detection/'  Boston. 
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more  common  than  among  educated  persons,  Color  blindness! 
may  exist  in  different  degrees  of  completeness,  from  a  total  loss  toi 
a  simple  imperfection  or  feebleness  of  the  color  *sense,  and  it  is 
usually  congenital.  Those  who  are  completely  color  blind  as  re- 
gards some  or  all  of  the  fundamental  colors  fall  into  tivo  groups; 
the  dichromatic,  whose  color  vision  may  be  represented  by  two 
fundamental  colors  and  their  combinations  with  white  or  black, 
and  the  monochromatic  or  totally  color  blind,  who  see  only  the 
white-graj^-black  series.  i 

DichroTTiatic  Vmon. — The  color-blind  who  belong  to  this  class' 
fall  into  two  or  three  groups,  wliich  have  l^ecn  designated,  under 
the  influence  of  the  Voung-Helmholtz  theory  of  color  vision,  the 
red-blind,  the  green-blind,  and  the  violet-blind.  The  most  com- 
mon hy  far  of  these  gn)ups  is  that  of  so-called  red  blindness;  it 
constitutes  the  usual  form  of  cr^dor  blindness.  As  a  matter  of  fact, 
pereons  sii  affected  arc  in  reality  re<l-grcen  blind.  In  what  may  be 
called  the  most  typical  cases  they  distinguish  in  the  spectrum  only 
yellows  and  blues.  The  red,  orange,  yellow,  and  green  apjiear  as 
yellow  of  dtPTorent  shades,  the  green-l)lue  as  gray,  and  tlie  blue- 
violet  and  purple  as  blue.  The  retl  end  of  the  spectnmi  is  distinctly 
shortened,  esix'cially  if  the  illumination  is  poor,  and  the  maximum] 
luminosity,  instead  of  being  in  the  yellow  as  in  normal  eyes,  is  in  the 
green.  When  (he  spectnun  is  examined  by  such  persons  a  neutral 
gray  band  is  seen  at  the  junction  of  the  blue  and  green.  In  some 
cases,  however,  lliLs  neutral  hand  is  not  seen,  the  yellow  [uis-sing  with 
but  little  change  mU)  the  blue.  As  a  matter  of  fact,  in  red  blindness 
the  most  characteristic  defect  is  a  failure  to  see  or  to  appn-ciate  the 
green.  This  color  is  confused  with  the  grays  and  with  ilul!  shades 
of  red.  When  such  jxjrsons  are  examined  for  their  negative  after- 
images for  <lifTerent  colors,  it  will  be  noted  that  they  descrihe  some 
of  their  after-images  as  red.  the  after-image  of  indigo-blue,  for  ex- 
ample, but  that  they  deserilx^  none  as  gnx^n.  The  after-image  of 
purple,  for  instiince,  which  to  the  nr^rmal  eye  is  bright  grwii.  is  de- 
scribed by  them  as  gray  lilue  or  pale  blue.  From  the  descrijuions 
given  it  is  probable  that  the  color  vision  of  the  so-called  red  hUnd 
is  not  by  any  means  the  same  in  all  cases,  but  exhibits  many  individ- 
ual differences.  The  green-blind  are  als(>,  according  to  recent  des- 
criptions, red-green  blind;  they  also  confuse  reds  and  greens  and 
in  the  spectrum  are  conscious  of  only  two  color  qualities,  namely, 
yellow  and  l>hie.  They  differ  from  the  red  blind  in  that  the  red  end 
of  the  specinmi  is  not  shortened,  and  the  inaximntn  luminosity,  as 
with  the  normal  eye,  Is  placed  in  the  yellow.  In  the  matching  and 
combination  of  colors  they  show  distinct  differences  from  the  red 
blind,  so  that  though  resembling  the  latter  in  general  features,  they 
differ  obviously  in  some  details.     Violet  blindness,  so  called,  seems 
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to  be  so  rare  as  a  congemtal  and  permanent  condition  that  no 
exact  study  of  it  has  been  made.  By  the  ingestion  of  santonin  it  is 
a&id  that  a  condition  of  this  kind  may  be  produced  temporarily.  The 
violet  end  of  the  spectrum  is  shortened  and  white  objects  take  on  a 
yellowish  hue.  The  conditions  pnjduced  by  santonin  are  evidently 
more  complex  than  can  Ije  explained  by  simply  assuming  that  the 
violet  color  sense  is  lost.  FUfcent  observers*  state  that  the  drug 
produces  a  condition  of  yellow  visi<>n,  outside  the  fovea,  in  the 
daylight,  and  a  condition  of  violet  vision  with  yellow  blindness,  but 
no  rrd  nor  green  blindness,  in  dim  lighta. 

Tests  for  Color  Blindness.— Although  the  \\s\on  of  the  red  and 
th€*  green  blind  is  deficient  as  regards  green  and  rc*d  colors,  it  will 
be  found  in  many  cases  that  they  recognize  these  colors  and  name 
them  correctly,  having  adopted  the  usual  nomenclature  anti  adapted 
it  to  their  own  standards.  In  order  to  detect  the  tlcficiency  they 
must  be  examined  by  some  test  which  will  conifx^  them  to  match 
certain  colors.  I'nder  these  circunustances  it  will  be  found  that 
along  with  correct  matches  they  will  make  others  which  to  the  nor- 
mal eye  are  entirely  erroneous.  A  great  number  of  methods  have 
been  proposed  and  used  to  detect  color  bUndness.  The  simplest 
perhaps  is  that  of  Holmgren. f  A  number  of  skeins  of  wool  an?  used 
and  three  test  colors  are  chosen, — namely,  (I)  a  pale  pure  green 
Bkein,  which  must  not  incline  toward  yellow  green;  (11)  a  medium 
purple  (magenta)  skein;  and  (III)  a  vivid  red  skein.  The  i>erson 
under  investigation  is  given  skein  I  and  Ls  asked  to  select  from  the 
pile  of  assorted  colored  skeins  those  tliat  have  a  similar  color  value. 
He  is  not  to  make  an  exact  match,  but  to  select  those  that  appear 
to  have  the  same  color.  Those  who  are  red  or  green  blind  ^^i\\  see 
the  test  skein  as  a  gray  with  some  yellow  or  blue  shade  and  will 
select  therefore,  not  only  the  green  skeins,  but  the  grays  or  grayish 
yellow  and  blue  skeins.  To  ascertain  whether  the  individual  Ls  red 
or  green  blind  tests  II  and  Hi  may  then  be  employed. 

With  test  II,  medium  purple,  the  red  blind  will  select,  in  addition 
to  other  purples,  only  blues  or  violets;  the  green  blind  will  select  as 
"confusion  colors*'  only  greens  and  grays. 

With  test  III,  red.  the  rcd  blind  will  select  as  confusion  colors 
greens,  grays,  or  browns  less  luminous  than  the  test  color,  while  the 
green  blind  will  select  greens,  grays,  or  browns  of  a  greater  brightness 
than  the  test. 

Moaochromatic  Vision. — A  number  of  cases  of  total  color 
blindness  have  been  carefully  examined. J  It  would  seem  that  in 
»uch  individuals  there  is  an  entire  loss  of  color  sense, — they  possess 

•Siv^n  and  Wendt .  *'Skiindina\  ir<rhe«  .\rcliiv  f.  Physiologic,"  14. 190, 1903. 

5  For  details  see  the  workA  of  Holm^cron  and  of  Jeflfrics.  already  quoted. 
Gninert,  "Archiv  fur  Ophthalmologie/'  56.  133,  1903. 


328 


THE   SPECIAL   SENSES, 


only  achromatic  vision.  The  external  world  appears  to  them  onlyi 
in  sha<les  of  gray-  In  I  he  inajority  of  these  cases  (f)  ther 
is  a  region  of  blindness  in  the  fovea  (central  scotoma),  and 
unusual  sensitiveness  to  light  and  nystagmus  (rolling  movement  of  ^ 
the  eyehalLs)  arc  also  characteristic.  Since  the  jjcripheral  field  of 
vision  is  nearly  minual  as  rc^^ards  sensitiveness  to  light,  while  thej 
central  field  is  frequently  l>liud  or  amblyo[)ic,  it  has  been  assumed  > 
that  this  condition  represents  one  of  loss  of  function  in  the  oonee. 

Distribution  of  the  Color  Sense  in  the  Retina. — What  has 
been  said  above  in  regard  to  color  lilinducss  refers  especially  to  tlie 


ost    OS  I    oU 


Fi«.  141. — Perimeter  chart  indtoatiiig  the  aver«^  fields  of  vudon  for  blue,  red.  uid 
gnen  coiii[>ar«d  with  white  (ffray).  UifEhteye:  The  fiutlines  of  the  color  fieldi*  &re  repn- 
■onted  ixs  stuwyth  ^inco.  the  chart  i.'t  an  aveniKe  from  Duwy  detonnlnatioiu.  As  a  matter  of 
(act.  in  each  individuiU  the  nuUine  U  highly  irrvKular.  Normally  green  (bright  ereen)  ia  the 
■roailaat  field,  green  (tbje<rt«  outHide  toe  liniit  tt]\\yBnr\ng  yellow  and  farther  out   cotorlMa 

central  field  of  vision.  When  we  examine  the  peripheral  field  in 
the  normal  eye  it  is  found  that  on  the  extreme  ]ieriphery  the  retina 
is  totally  color  fjlind,  perceiving  only  light  and  darkness, — that  is, 
the  shades  of  gray.  As  we  pass  in  toward  the  center  the  color 
sense  develops  gradually,  the  blue  colors  !>eing  perceived  first  and 
the  greens  last, — that  is,  nearest  to  the  center, — set  that  in  a  cer- 
tain xone  the  normal  eye  is  red-green  blind.  The  distribution  of 
the  color  sense  may  l:>e  studied  couvcnienily  by  means  of  the  pe- 
rimeter (see  p.  313).  It  will  l>e  found  to  vary  with  each  individual, 
so  much  so  that  it  is  poi^ible  that  a  test  of  this  character  might  bo 
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use^i  for  the  ulentiHration  of  indi\-irluals.  Exceptionally  it  is  found 
that  the  entire  retina  poesesaes  a  nearly  normal  coU>r  sense.  Usu- 
ally, for  the  colore  red,  green,  antl  l>lue,  the  blue  ha«  the  most  exten- 
sive field  and  the  green  the  k'-ast.  as  is  indicated  in  the  perimeter 
chart  given  in  Fig.  141.  If  the  green  chosen  is  blue  green  (490///i) — 
that  is,  the  coniplenienlury  of  the  red — it  is  j^tated  that  their  fieltls 
are  co-extea'*ive.*  From  this  standpoint  tlie  n*tina  i»resent-s  three 
ooncentiic  zones:  an  extreme  pehphernl  zone  devoid  of  color 
virion r  an  intenne<liate  zone  in  which  yellow  and  blue  are  i>erceived, 
and  a  central  zone  sensitive  to  red  and  given,     'I'hr  outlines  of 


Fie-  143. — ParinwUr  chut  showinK  the  highly  restnct«d  color  fieltli*  in  the  tofl  vy« 
«C  ft  Ijrplottl  t*m  of  to-OftUet)  rc<d-ffreen  color  bliiulnew.  The  ability  to  di«tioKuiAh  red  and 
0MB.  by  whAiever  chanbttcriaticM  of  intensity  or  color  tbey  poaWMfti  exteiMUd  for  ■  very 
■bort  dutAnoe  ouuide  the  fovea.     It  is  intereMiriK  that  the  ability  to  rtirtingtiieh  blue  was 


In  Uib< 


I  limitad  a*  eofapared  iritb  a  normal  eye. 
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the  different  fields  ustmlly  show  many  irregularities,  and  in  some 
caaes  it  will  l>c  found  that  bright  green  is  perceived  over  a  lai^ger  area 
than  the  red.  The  fields  are  not  identical  in  the  two  eyes,  and  iu 
each  eye  it  is.  as  a  rule,  more  extensive  upon  the  nasal  than 
upon  the  temporal  side  of  the  retina.  In  the  reil-green  blind  the 
peripheral  fields  of  color  vision,  judged  by  the  individual's  own 
fltandards,  may  be  markcilly  constrict«*d  as  comi>are<l  with  the  noiv 
mal  retina  (see  Fig.  142). 

•  Biiird.    **The   Color   Sensitivity  of  the  Peripheral  Retinft."  Camc^pa 
Publicalion  No.  29.  ltH)5. 


1 


330 


THE  SPECIAL  SEXSES. 


Functions  of  the  Rods  and  Cones. — Many  facte  unite  in  mak- 
ing it  probable  tliat  the  ro*ls  and  cones  are  different  in  fiinction. 
They  differ  in  structure  and  especially  in  their  connections.  As  is 
shown  in  the  diagram  given  in  Fig.  143,  the  cones  terminate  in  t-he 
external  nuclear  layer  in  arborizations  which  connect  with  the 


FiK.  143. — Seboraa  of  the  RtniPture  of  the  haman  retinn  (Greiiff):  I,  Pii^eot  Uyer; 
//,  rwl  and  cone  layer;  ///,  outor  nuclear  layer;  IV,  extemul  tilexifnrm  layer;  V,  layer 
of  hurixontal  oeUa;  VI,  la^er  of  bipolar  cdls  (inner  nuclear);  VI J,  layer  of  anucriiud  ealla 
(without  axoni):  VtU,  inner  plexifi>rTn  layer:  IX,  gauglioo  cell  la>vr;  X,  nerve  fiber 
layer:  6.  fiber  of  MoUer. 


bipolar  ganglion  cells,  and  in  the  fovea  at  least  this  connection  is  such 
thai  each  cone  connects  with  a  single  nerve  cell  and  eventually  per- 
haps with  a  single  optic  ner\*e  fiber.  The  rods,  on  the  contran', 
end  in  a  single  knolvlike  swelling,  and  a  number  of  them  make  con- 
nections with  the  same  ner\'e  cell.     Histologically,  therefore,  the 
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coDduction  paths  for  the  cones  seem  to  be  more  direct  than  in 
the  case  of  the  rods.  These  latter  elements,  moreover,  possess  the 
visual  purple,  which  is  lacking  in  the  cones.  I-astly,  in  the  eye  of 
the  totally  color  blind,  in  the  dark-adapted  eye  in  dim  lights,  in  the 
coloi^blind  peripheral  area  of  the  normal  eye,  and  in  the  eyes  of 
most  distinctly  night-seeing  aiiiiiialH,  such  as  the  mole  and  the  owl, 
vision  seems  to  be  effected  solely  by  the  rods.  These  facts  find 
their  simplcift  explanation  perhaps  in  the  view  advocated  by  Pari- 
naud,  Franklin,  von  Kries ,♦  and  others,  according  to  which  the 
perception  of  color  is  a  function  of  the  cones  alone,  while  the  rods 
are  sensitive  only  to  light  and  darkness,  and  by  virtue  of  their  power 
of  Adaptation  in  the  dark  through  the  regeneration  of  their  visual 
purple  they  form  also  the  fi)ecial  apparatus  for  vision  in  dim 
lights  (night  vision).  Color  blindness,  therefore,  whether  total  or 
partial,  may  be  regarded  as  an  affection  or  lack  of  nomml  develop- 
ment of  the  cones.  On  the  other  hand,  those*  interesting:  cases  in 
which  the  vision,  while  good  in  daylight,  is  faulty  or  lacking  in  dim 
lights  (night  blindness,  hememlopia)  may  be  referred  to  a  cicfcctive 
functional  activity  of  the  nxls,  probably  from  luck  of  formation  of 
visual  pnrplc. 

Theories  of  Color  Vision. — A  number  of  theories  have  been 
proposed  to  explain  the  facts  of  color  vision.  None  of  them  liaa 
been  entirely  succei>sful  in  the  sense  that  the  explanations  it  affords 
have  Ijecn  submitted  to  satisfactory  experimental  verification.  The 
immediate  stimuli  that  give  rise  to  the  visual  impulses  are  assumed 
to  be  of  a  chemical  nature,  and  it  seems  probable  that  in  this 
case  as  in  that  of  many  other  problems  of  physiology,  we  must 
await  the  development  of  a  more  comi)lete  knowledge  of  the 
chemical  processes  involved.  The  theories  i)roposed  at  prest»nt» 
while  all  tested  by  experimental  inquiries,  are  in  a  lafge  measure 
hypotheses  constructed  to  fit  more  or  less  completely  the  facts  that 
are  known.  Three  of  these  theories  may  be  described  briefly  as 
exaniples  of  the  modes  of  reasoning  em  ployed: 

/.  The  Young- HcJmhoUz  Thiory. — Thus  theor>%  proposed  essen- 
tially by  Thomas  Young  (1807)  and  afterward  modifietl  and  ex- 
panded by  Helmholtz.t  rests  upon  the  assumption  thai  there  are 
three  ftmdamental  color  sensations, — red.  green,  and  violet — and 
corresponding  with  these  there  are  three  photochemical  substances 
in  the  retina.  By  the  decomixjsilion  of  each  of  these  substances  cor- 
responding nerve  fibers  are  stimulated  and  impulses  are  conducted 
to  a  special  system  of  ner\'c  cells  in  the  visual  center  of  the  cerebrum. 

•Von  Krieft,  "Zeitwhrift  f.  Psvchologie  u.  Physiol,  d.  Sinneeorgane," 
,  81.  1«9.V 

>H^lriiboltx,  *'£IanJbuch  der  pkvsiologi»chea  Optik,"  second   edition^ 


THE   SPECTAt  SENSES. 


Thp  theor>',  therefore,  assumes  special  nerve  fibers  and  ners'e  centers 
correspcinding  respectively  to  the  red,  grt»en,  and  violet  plioto- 
chemical  Mibstances,  and  the  peculiar  quality  of  the  resulting  sensa- 
tions are  referred,  in  the  original  theory,  to  the  ilifferent  rexirtious 
in  consciousne>is  in  the  three  corresponding  centers  in  the  brain. 
When  these  three  substances  are  equally  excited  a  sensation  of 
white  results,  of  greater  or  less  intensity  according  to  the  ext<?nt  of 
the  excitation.  White^  therefore,  on  this  tlieor>',  is  a  compound 
sensation  produced  by  the  combination  or  fusion  in  consciousness 
of  the  three  equal  fundamental  color  sensations.  The  sensation  of 
black,  on  the  other  hand,  results  from  the  al>sence  of  stimulation, 
fnmi  the  comlition  of  rest  in  the  rt^tina  and  in  the  corresponding 
nerve  filjers  and  nerve  centers.  All  other  color  sensations — yellow, 
for  instance — are  compound  sensations  produced  by  the  combined 


Fi«.  144. — Schema  to  Ulustrate  the  YounK-H*lmholtx  theory  of  «)lor  visioD. — {Helm- 
koliz.)  The  Kperlral  colors  nre  arrariKed  in  their  nntural  order, — red  lo  violet,  'rhe  cur^•ea 
reprB«ent  the  ititensity  o(  •ttimulntitm  of  the  ihrro  colnr  mibstances:  1,  The  reil  percnivmg 
SUDstanre;  _,  the  green  fierceiviDg:  3,  the  \-iotel  r>rrceivinK.  Verticals  drawn  at  any 
point  of  the  ttpertnim  indicate  the  relative  amount  of  .tlimulation  of  the  three  gubsUuoes 
far  that  wave  length  of  tlie  fipectnun. 
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stimulationof  the  three  photochemical  substances  in  different  propor- 
tions. It  is  assumed,  furthermore,  that  each  of  the  photochemical 
substances  is  acted  upon  more  or  less  by  all  of  the  visible  rays  of  the 
spectrum,  but  that  the  rays  of  long  wave  lengths  at  the  red  end 
of  the  spertnim  affect  chiefly  the  red  substance,  those  corresponding 
to  the  green  of  the  speclnim  chicHy  the  green  substance,  and  the 
rays  of  shortest  wave  length  chiefiy  the  violet  su]>stance.  These  rela- 
tionships are  expressed  in  the  diagram  given  in  Fig.  144.  The  figure 
also  indicates  that  it  is  im]Mis.siijle  tu  stimulate  any  one  of  these  .sub- 
stances entirely  alone,— that  is,  we  cannot  obtain  a  [>erfectly  satu- 
rated color  sensation.  Even  the  extreme  red  or  the  extreme  violet 
rays  act  more  or  less  on  all  of  the  substances,  and  the  resulting  red 
or  violet  sensation,  is,  therefore,  mixed  to  some  extent  with  white, — 
that  is,  is  not  entirely  saturated.  The  theor\',  as  stated  by  Helm- 
hoItz,he!d  strictly  to  the  doctrine  of  specific  nerve  energy,  in  assuming 
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that  each  photochemical  substance  senses  simply  as  a  meaiu^  for  the 
excitation  of  a  nen'e  fiber,  and  that  the  (]iiality  of  the  sensation 
aroused  depends  on  the  ending  of  this  fiber  in  the  brain.  The  phe- 
noinenouof  ue^ative  aftor-iniaj^es  finds  a  sitiifiie  exijhinaiicn  in  terms 
of  thLs  thcon*.  If  wc  look  fixedly  al  a  gn*cn  object,  for  example^ 
the  corresponding  photochemicaUubstance  is  chiefly acit^dupon, and 
if  subsequently  the  same  part  of  the  retina  is  exposed  to  white  light, 
the  red  and  violet  substances,  having  been  previously  less  acted 
upon,  now  respond  in  greater  pnjj3ortions  to  the  white  light,  and 
the  after-image  takes  a  red-violet — that  is,  purple  t'olor.  Many 
objections  have  been  raL^scil  to  the  Young-Hclmholtz  thcor>\  It 
ha^i  Ijeen  urged,  for  instance,  that  we  are  not  conscious  that  white 
or  yellow  sensations  are  blends  or  cf»mpounded  color  sensations; 
we  perceive  in  them  none  of  the  supposed  component  elements  as 
we  do  in  such  undoubted  mixtures  as  the  blue-greens  or  the  purples. 
The  theory  explains  poorly  or  not  at  all  the  fact  that  on  the  j>eripher>- 
of  the  retina  \\r  are  color  Mind  and  yet  can  i>ermve  white  or  gray, 
and  it  breaks  down  also  In  the  face  of  the  facts  of  partial  and  com- 
plete color  blintlness.  The  explanation  given  for  black  is  also 
unsatisfactory  in  that  it  assumes  an  active  state  of  consciousness 
afldociateii  with  a  con<hlion  of  rest  in  the  visual  nH*chanism. 

//.  HiTirig's  Tlicorii  of  Color  V I'sitnt. — This  thcon*  also  assumes 
the  existence  in  the  retina  of  three  i>hotochernical  substances,  but 
of  such  a  nature  as  to  give  us  six  diffcrt^nt  qualities  of  sensation. 
There  is  a  white-l)lack  substance  which  when  acted  upon  by  the 
visible  rays  of  light  undergoes  disa^sinulaiion  and  sets  up  nen'e 
impulses  that  arouse  in  the  brain  the  scnsjition  of  white.  On  the 
other  hand,  when  not  acted  upon  by  light  this  same  substance  under- 
goes assimilator}'  processes  that  in  tuni  set  up  nene  impulses  which 
in  the  braingive  usa  sensation  of  black.  There  are  in  the  retina  also 
a  red-gn-en  an<i  a  yeUow-blue  substance.  The  ftimicr  when  acted 
upon  by  the  longer  rays  undergoes  disassiniilii(ion  and  gives  a 
sensation  of  red,  while  the  shorter  waves  ca\ise  assimilation  and 
produce  a  sensation  of  green.  A  similar  assumption  is  made  for 
tlie yellow-blue  sukstance.  The  essence  of  the  theor>'  may  be  stated, 
therefore,  in  tabular  form,  as  follows  *: 


Fhotocbeiiicai.  8UIIVTA.NCB.  Rktinal  Pmocbm.  8kx«atiok. 

^j^  f  Diem&similation  —      red 

wea-green ^  Assimilation  -     green 

X*  11  _  1 1  f  nisaMsirnilation  .  «     yellow 

^eUow-blue UssimiUtion  -     blue 

«« •*    LI    I  J  DiBftssimilation  —     white 

^'^^^^^'^^^^^ tAjwmilation  -     bUck 

•  For  (ItwuMiion  of  color  theories  aee  Calkins,  "Archiv  f.  Physiologie,' 
1902.  suppl.  ^'olurae,  p.  244. 
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It  will  be  observed  that  the  theory  gives  an  independent  ol> 
jective  cause  for  the  sensationH  of  white,  black,  and  yellow,  and  in 
this  res|x>ct  satisfies  the  ohjectiona  iniulc  on  tliis  score  to  the  Young- 
Helmholtz  theorj'.  It  fits  better,  also,  the  facts  of  partial  and  total 
color  hlJndncss.  In  the  latter  condition  one  niay  assume,  in  terms  of 
this  theor>',  that  only  the*  while-black  subsumce  is  present,  wliile 
red  and  green  blindnesa — both  of  them,  it  will  he  recalled,  really 
forms  of  red-green  blindness — are  explained  on  the  view  that  in  such 
persons  the  red-green  substance  is  deficient  or  lacking.  On  this 
theory,  com  piemen  t^n*  colors— red  and  blue-green,  yellow  and 
blue — arCj  in  reality,  antagonistic  colors.  When  thrown  on  the 
retina  simultaneously  their  effects  neutralize  each  other,  and  there 


etf  w  yb 


;.  146. — Soheina  to  iUiurtnt«  tba  Herins  theory  of  ocAor  vutcui. —  {FoaUr.^  Hm 
ndicate  the  raUtlve  intetudties  of  stimulation  of  the  thrvo  color  subertAoeM  oy  dif< 
feront  Muia  of  the  speetrum.  Orditmlen  ubove  tbe  axu.  .Y-.Y,  indicate  catabolio  chAOCM 
(liiMUBunUatioD).  those  below  anabolic  changes  (oaainiilatifm).  Curve  a  repreeenta  the 
eonditions  for  tno  black-white  subatanee.  It  is  stimulate<l  by  all  the  raya  of  the  visible 
Bpeotrum  with  maxinium  interwity  in  the  yellow.  Cur%'e  c  repret«nt«  the  red-sneo  0ub- 
stanee,  the  lonfcor  wavo  lengths  causing  dtwaaeimilation  (rod),  the  aborier  onee  aaaaulation 
{gTV«D)-     Curve  b  gives  the  conditions  for  the  yellow-blue  «ubtftance. 


remains  over  only  the  disassimilatorv'  effect  on  the  M'hite  8ubstance 
which  is  exerted  by  all  the  visible  rays.  The  effect  of  the  various 
\iiiihle  ravH  of  the  spectrum  on  the  three  photochemical  substances 
is  illustrated  by  the  chart  given  in  Fig.  145.  ( *rdinates  above  the 
abscissa  representing  disassimilatorv'  effects;  those  IjcIow,  assimi- 
lator>'. 

///.  The  Frnnklin  Theory  of  Color  Vision  (Molecular  Dissocia^ 
lion  7'AfmT/).— This  theor>%propoi>edby  Mrs.  C.  L.  Franklin.*  takes 
into  account  the  fact  of  a  gradual  evolution  of  the  color  sense  of  the 
retina  from  a  primitive  condition  of  colorless  vision  such  as  still 
exists  in  the  periphery-  of  the  retina  and  in  the  eyes  of  the  totally 

*  Franklin,  "Zeitachrift  f.  Psychologie  imd  Phvs.  d.  BinDeaorgane/'  1892, 
iv:  also  "Mind/'  2,  473,  1803,  and  ''Psychological  Review,"  1894,  1896, 1899. 
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color  blind.  It  assumes  that  the  colorless  sensatioos — white, 
gray,  black — are  occasioned  by  the  reactions  of  a  photochemical 
material  which  for  convenience  may  be  designated  as  the  gray  sub- 
stance. This  substance  in  the  normal  eye  e?dsts  in  both  nnls 
and  rones;  in  the  latter,  however,  in  a  difTercntiateti  condition  ca- 
pable of  giving  color  sensations.  When  the  molecules  of  this  sub- 
stance are  completely  disso- 
ciated by  the  action  of  light. 
gray  sensations  result,  and 
as  this  is  the  only  reaction 
possible  in  the  rotls  these 
elementa  can  furnish  us  only 
,Bensations  of  this  quality. 

The  molecules  of  gray 
substance  in  the  cones,  on 
the  other  hand,  have  under- 
gone a  development  such 
that  certain  portions  only  of 
the  molecule  may  became 
diflsociated  by  the  action  of 
light  of  certain  periods  of 
vibration.  This  development 
may  be  supjx^sed  to  have 
taken  place  in  two  stages: 
fint>  the  formation  of  two 
groupings  within  the  mole- 
cule one  of  which  Ls  dissoci- 
ated by  the  .slower  waves 
and  gives  a  .sensation  of  yel- 
low, and  one  of  which  Ls  dis- 
aociated  by  the  more  rapid 
'waves  and  gives  the  sensa- 
tion of  blue.  This  stage  re- 
mains still  on  ix)rtion.s  of  the 
periphery  of  the  retina,  and 
is  the  condition  present  in 
the  fovea  also  in  the  eyes 
of  the  rr<l-grcen  blintl.  The 
second  stage  consists  in  the 
diAision  of  tlip  yellow  component  into  two  additional  groupings 
in  one  of  which  the  atomic  movements  are  of  such  a  period  as 
to  be  a£fccte<i  by  the  longest  visible  waves,  the  red  of  the  spec- 
trum, while  the  other  is  dissociated  by  rays  corresponding  to  the 
green  of  the  speetnuii  and  gives  rise  to  the  sensation  of  green. 
If  the  red  and  green  groupings  are  diasociatcd  together  the  resulting 


Fic.  U0.—3ch«ma  to  illustrate  Um  Fnuik- 
Un  theory  of  cdlor  vuicin  iFranklin):  H',  Tb« 
molecule  of  the  priiDilive  viauBl  Ocrmy-perceiv- 
iai)  Hubftt&nce;  Y  &nd  B,  the  first  step  iu  the 
dinerentitttiuu  iofco  a  yellow*  and  a  blue-per- 
ceiviu  subetwioe.  whoae  «oaibiaed  diawociatioo 
Eires  toe  BAme  effeet  u  that  of  the  oriciiuU  sub* 
titaom,  W:  O  aad  R,  tbe  vecood  step  in  the 
diffemitiation  of  the  yellow -perceivinjt  nib- 
stance,  tlie  coriibinnl  ilLvtocmlion  of  the  two 
eiviiig  the  rame  efTect  aa  that  ul  the  )'ellow-per- 
ceivinK  «ubAttuice  alone.  Tbe  oomplele  deral* 
opmpDt  (jf  coliir  vmioQ  aa  it  exiata  in  Ibe  oentml 
part  of  the  retma  coruuta  in  the  ezlatenea  of 
three  «ub6t«nceA,  which,  taken  Mparately,  slve 
red,  peeo,  and  blue  eolor  an 
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effect  is  the  same  as  follows  from  the  dissociation  of  the  entire  yellow 
component,  while  the  complete  ciissociation  of  the  red,  green,  and 
blue  groupings  gives  the  stimulus  obtained  originally  from  the  dLsjso- 
ciation  of  the  whole  molecule,  and  causes  gray  senjsations.  The  idea 
of  this  subdivision  or  differentiation  in  structure  of  the  original  gray 
substance  is  indicated  diagrammaticaliy  in  Fig.  146.  The  tlieory 
accounts  aduiiralfly  for  many  phenomena  in  vision,  and  Is  perhaps 
especially  adapted  to  explain  the  facts  of  color  blindness  and  the 
variations  in  quality  of  our  visual  sensations  in  the  peripheral  areas 
of  the  retina. 

The  two  latter  theories  eeem  to  imply  that  a  number  of  different  kind 
of  impulses  miiy  l>e  tnmsmitt^d  iilonK  the  optic  fillers.  HerinR's  theory  re- 
(luires  appiirpntly  the  prjssihility  of  nix  qualltiitively  different  impulsea, — 
namely,  wiiite.  hlaek.  if<i,  serpen.  yt-Uow,  and  hhie, — while  the  iVmikhn  theory 
asBumcf  impvilsei*  corrf^pondinjr  to  while  (sniy  i.  red,  green,  yellow,  and  blue, 
Blaek  is  not  s^pceifically  ucc<*uiiti'<i  fnr  txcLpt  as  n  part  of  the  gray  series.  At 
present  in  physiolog:)*  there  Is  no  ]iroof  that  ner\*e  impulses  can  differ  auali- 
tatively  fnim  each  other,  altlunijjh  it  may  \*c  urned.  perhaps  with  equal  force, 
that  there  is  nn  prcxif  th:ii  tht-y  can  mil  so  differ.  The  doetrine  of  specifio 
nerve  energy'  assuniea  that  ntn-e  impulses  are.  as  regards  quality,  alwaya 
the  .same,  and  differ  fn>ni  one  another  only  in  intensity,  the  qualitative  difler- 
ences  that  exist  amonp  senwitions  l*eing  referred  to  a  difTerence  in  reaction 
in  the  cnd-orpm  in  the  hrain. 

Entoptic  Phenomena. —  L'lider  the  terra  entoplic  phenomena 
is  inchided  a  number  of  vLsual  sensations  due  to  the  shadows  of 
various  ohjeets  within  the  eyeball  ittself.  t  )rdinarily  these  shado^^-s 
are  inij)ercopUbU',  owiuju:  to  the  diffuse  illumination  of  the  interior 
of  the  eye  through  the  relatively  witle  ojjoning  of  the  ptipil.  By 
means  of  various  tlevices  the  ilhunination  of  the  eye  may  be  so 
controlled  &s  to  make  these  shadows  more  distinct  and  thus  bring 
the  retinal  images  into  consciousness.  Some  of  these  entoptic  ap- 
pearances are  described  l)riefly.  but  for  a  detalleil  description  the 
reader  is  rf»ferred  to  the  chussieal  work  of  Hehnhoh*/.* 

Thi-  Blood-corpiiscks. — The  entoplic  images  lliat  are  most  easily 
recognized  perhaps  are  those  of  the  moving  ccjrpu.scles  in  the  capil- 
laries of  the  retina.  If  one  looks  off  into  the  blue  sky  he  will  have 
no  difficulty  iti  recognizing  a  number  of  minute  clear  and  dark  specks 
that  move  in  front  of  the  eye  in  deiinite  paths.  The  character  of 
the  movement  leaves  no  doubt  that  these  sensationsaredue  to  the 
shatlows  of  the  blood-corpuscle«s.  In  fact,  the  shadows  often  show 
a  rhythmic  accelcnitioii  in  velocity  s>nchnmous  with  the  heart- 
beats, a  pulse  ninvt^tuf  nt,  \iy  projecting  the  moving  images  ujxjn 
a  screen  at  a  known  distance  fn>m  the  eye  the  velocity  of  the  capil- 
lar>''  circulation  has  lieen  estimated  in  man. 

The  Retinal  Blood-irsscls. — The  I )lood- vessels  of  the  retina  lie 
in  front  uf  the  rods  nntl  cones  and  must  necessarily  throw  their 
shadows  upon  these  sensitive  eml-organs.     The  shadows  may  be 

♦  Helmholtjs,  "Handbuch  der  phvsiologischen  Optik,"  second  L^ditioa^ 
I,  1S4. 
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made  morp  distinct  and  a  visual  picture  of  the  vessels  obtained  by 
a  numlier  of  methods.  For  instance,  if  a  card  with  a  j)in  hole 
through  it  is  move*!  slnvvly  in  frcjnl  of  tiie  eye  the  images  of  the 
blood-vessels  .stand  out  in  the  field  nf  vision  with  more  or  less 
distinctness.  The  card  should  Ik*  given  a  circular  movement.  If  it 
is  kept  in  one  position  the  images  quickly  disappear,  since  tiie 
retina  apparently  fatigue5  very  fiuickly  for  such  faint  impressions. 
A  more  impressive  jncture  may  l>e  obtained  by  the  method  of 
Purkinje,  In  a  dark  room  one  holiLf5  a  can<lle  toward  the  side  of  the 
bead  in  such  a  position  a^  to  give  the  seasation  of  a  glare  in  the 
oorretiponfling  eye.  If  the  eye  is  directed  toward  the  opposite  side 
of  the  nxim  and  the  candle  is  kept  in  continual  circular  movement 
the  blood-vessels  appear  in  the  field  of  vision  magnified  in  proportion 
to  the  flLstance  of  projection:  the  picture  makes  the  impression  of  a 
thicket  of  interlacing  branches.  In  this  experiment  the  light  from 
the  candle  strikes  the 
nasal  side  of  the  retina  at 
an  oblique  angle  and  Ls  re- 
flected toward  the  other 
side  of  the  globe.  The 
blood-veseels  are  in  this 
way  illuminated  from  an 
unusual  direction  and 
their  shadows  are  thrown 
upon  a  portion  of  the  ret- 
ina not  usually  affected 
and  for  that  reason  per- 
haps more  sensitive  to 
the  impression. 

fmptrfeciions  in  the  Vitreous  Humor  and  the  Ijens, — Small  frag- 
ments of  the  cells  from  which  the  vitreous  humor  was  constructed 
in  the  enibr>'o  and  simitar  rt^latively  oj>ac|ue  object.s  in  the  lens  may 
tlirow  gha4:lows  on  the  retmal  Inittom.  These  shadows  take 
different  forms,  but  usually  are  described  as  small  spheres  or  beads, 
single  or  in  groufjs,  that  move  witli  the  eyes  and  are  desigimted, 
therefore,  as  the  muscie  volitantes  (flitting  flies  or  floating  flies).  To 
bring  out  these  shadows  it  Ls  convenient  to  make  the  source  of  illu- 
mination small  and  to  bring  it  at  or  nearer  than  the  anterior  focal 
distance  of  the  eye  (15  to  16  mms.).  The  method  employed  for  this 
purpose  by  Helmholtz  is  illustrated  in  Fig.  147.  In  this  figure  b 
is  a  candle  flame,  and  n  a  lens  of  short  focus  which  makes  an  image 
of  the  flame  at  the  small  opening  shown  in  the  dark  screen,  c.  The 
eye  is  placed  just  behind  this  opening  and  is  illuminated  by  the  rayn 
from  the  small,  bright  image  of  the  flame  at  that  spot.  The  shadows 
are  seen  projected  upon  the  illuminated  surface  of  the  glass  lens. 
22 


Fiff.  147.— Ilelmholti's  nwthod  uf  vhowinf  ea- 
toptic  phetioni«na  duA  to  imperfectioiu  in  1b«  len» 
and  viire^iiLs  {UtlmhMtz):  e,  a  screen  with  pinhol«: 
o,  leod  wiiti  A\on  iiKua. 


PH AFTER  XrX. 
BINOCULAR  VISION. 


Vision  with  two  eyes  diflFers  from  monocular  vision  chiefly  in 
tho  varied  combinations  of  movements  of  tlie  two  eyeballs  and  the 
aid  thereby  affordcfi  in  the  dotemiination  of  ilistunce  ami  .size, 
in  the  enlarged  field  of  virion,  and,  above  all,  in  the  more  exact  per- 
ception of  solidity  or  fXTs|>ertive,  esjx^cially  for  near  objects. 

The  Movements  of  the  Eyeballs. — TCach  eyeball  is  moved 
by  six  extrinsic  nui.^eJcs  which  at^  innervated  through  three 
cmnial  nerve**.  The  third  or  o('uloinolf>r  nerve  contmls  the  internal 
rectus,  the  suix'rior  rectu.s^  the  inferior  rectus,  and  t!ie  inferior 
oblique;  the  fourth  cranial  nerve  (n.  patheticus)  inner\'ates  the 
superior  oblique  alone;  and  the  sixth  cmnial  (n.  abtlucens)  the 
external  rectus  alone.  By  mean.s  of  these  muscles  the  eyeballs  may 
be  given  various  movements,  all  of  which  may  be  considered  as 
rotations  of  the  ball  around  various  axes.  The  common  point  of 
intersection  of  these  axes  is  designated  a.s  the  rotation  point  or 
center  of  rotation  of  the  eyeball;  it  lies  about  1.3.5 mms.  back  of  the 
cornea  in  the  enunetropir  eye.  The  various  axes  of  rotation  all 
pass  through  this  point,  and  we  may  classify  them  under  four 
heads:  (1)  The  horizontal  or  sagittal  axis,  which  is  the  line  passing 
through  the  rotation  point  and  the  object  looked  at, — the  fixation 
point.  This  axis  corresponds  ]>rartically  with  the  line  of  sight. — 
that  is,  the  line  <lmwn  from  the  object  looked  at  to  the  mid<lleof  the 
fovea,  and  it  may  therefore,  without  seriiuus  error,  be  .spoken  of  as 
the  visual  axis.  Rotatioas  around  this  axis  give  a  wheel  movement 
or  torsion  to  the  eyeballs.  (2)  The  tmnsverse  axis,  tho  line  passing 
through  the  station  points  of  the  two  oyos  and  perpendicular 
to  No.  1,  Rotations  aroun<l  this  axis  move  the  eyeballs  straight 
up  or  down.  (3)  The  vertiral  axis,  the  vertical  line  pas.sing  through 
the  rotation  point  ami  perprnrticular  atthi.**  point  to  the  horizontal 
and  transverse  axes.  Rotations  an)und  this  axis  move  the  eyeball 
t<^i  the  right  or  the  left.  (4)  Theoljliquc  axes,  under  which  are  in- 
cludeil  all  the  axes  of  rotation  passing  through  the  n>tation  jwint  at 
obli(|ue  angles  to  the  horizontal  axis.  These  axes  all  lie  in  the 
er]uatorial  plane  of  the  eye.  and  rotatioas  annmd  any  of  them  move 
tlie  eyeball  o})Ii(|uely  upward  or  downward.  These  (iefmitions  all 
have  referenff    lo  what  is  known  as  the  primar}'  position  of   the 
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e>'e8, — that  is,  thai  position  taken  by  the  eyes  when  we  look  straight 
before  us  toward  the  horizon, — a  position,  therefore,  in  which  ihe 
plane  of  the  horizontal  axes  is  parallel  to  the  ground;  all  other 
padtions  of  the  eyes  are  spoken  of  an  secondary. 

With  regard  to  the  movements  of  the  eye.s  about  it.s  axes  of 
rotation  tlie  following  general  staienient^s  are  made:  Starting  from 
thr  primary'  ptj^ition,  nitatioas  of  the  eyes  aiwut  the  vertical  axis — 
that  is,  movcmcntjs  directly  to  right  or  left — may  be  made  by  the 
contraction  of  the  internal  or  the  external  rectUR  a^  the  case  may  Ix?. 
Kittutions  around  the  transverse  axis — that  is.  movements  directly 
up  or  down — re<|uire  in  each  ca^^e  the  co-oix'ration  of  two  muscles. 
In  movement.s  upward  the  .su(X'rior  rectus,  acting  alone,  would  in 
rrilaling  the  eyelmll  upward  also  give  it  a  slight  torsion  so  as  to  turn 
the  up|x»r  |>art  of  the  vertical  meridian  inward.  To  obtain  a  move- 
ment directly  upward  (rotation  around  the  horizontal  axis)  the  su- 
perior rectus  and  inferior  oi>Iiqiio  must  act  together.  For  a  similar 
mA80n  mtation  directly  downward  requires  the  combined  action  of 
the  inferior  rectus  and  superior  oblique.  Rotation  of  the  eyeballs 
around  oblique  axes  retjuire  the  co-opc*ration  of  three-  of  thcintiscles: 
movements  upward  and  outwani — the  siijx^rior  rectus,  inferior 
oblique,  and  external  reetas;  movement.s  upward  and  inward— 
superior  rectus,  inferior  oblique,  and  internal  rectus;  movements 
liouTiwanl  and  outwaril — inferior  rectus,  .superior  oblique,  and  ex- 
ternal rectus;  movements  downward  and  inward— inferior  rectus, 
sujX'rior  oblique,  and  internal  rectus.  Most  of  the  movements  of 
the  eyes  are  of  the  latter  kind. — namely,  rotations  around  an  oblique 
axis, — and  the  position  of  the  axis  for  each  definite  movement  of 
this  character  may  be  determined  by  Listing's  law,  which  may  be 
flrtated  as  follows;  When  the  eye  j)aKse8  from  a  primar>'  to  a  sec- 
on<Ur>'  position  it  may  be  considered  as  having  rotate<l  aroimd  an 
axtf  perpentlicular  to  the  lines  of  sight  in  the  two  jx>sitions.  It  will 
be  noted  readily  from  obserx'ations  upon  the  movement-s  of  one's 
omi  eyes  that  they  ordinarily  make  only  such  movements  as  will 
keep  the  lines  of  sight  of  the  two  eycjs  parallel  or  will  converge  them 
upon  a  common  point.  In  movements  of  convergence  the  internal 
recti  of  the  two  eyes  are  associated,  while  in  symmetrical  lateral 
movements  the  internal  rectus  of  one  eye  acts  with  the  external 
rectus  of  the  other.  Tntlrr  normal  conditions  it  Is  imjx)ss!ble  for 
us  to  diverge  the  visual  axes, — that  is,  to  associate  the  action  of  the 
external  recti.  A  movement  of  this  kind  would  produce  useless 
double  viiiion  (diplopia),  and  it  is  therefore  a  kind  of  movement 
which  all  nf  our  experience  has  trained  us  to  avoid. 

The  Co-ordination  of  the  Eye  Muscles— Muscular  Insuf- 
ficiency— Strabismus. — In  order  that  the  eyeballs  may  move 
with  the  minute  accuracy  necessary  in  binocular  vision,  a  beautifully 
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balanced  or  co-ordinated  action  of  the  opposing  muscles  is  neces- 
Bar>'.  The  object  of  these  movement*:  is  to  bring  the  point  looked 
at  in  the  fovea  of  each  eye  and  tlius  prevent  double  vision,  diplopia 
(see  following  paragraphs).  Tliis  object  is  attained  when  the  eye- 
balls are  so  moved  that  the  line-s  of  .sight  unite  upon  the  object  or 
point  looked  at.  In  viewing  an  object  or  in  reading  we  keep 
readjusting  the  eyes  continually  to  l>ring  point  after  point  at  the 
junction  of  the  line.s  of  ^igliL.  If  the  eye  Ls  perfectly  nonnal  tlie 
contractions  of  the  muscles  for  (►bject,s  in  a  symmetrical  position  are 
equal  in  the  two  eyes;  if,  however,  one  or  more  of  the  muscles  in  the 
eyes  are  weaker  than  normal,  then  to  adjust  the  eyes  properly 
rwiuires  a  greater  contraction  of  these  muscles  to  overcome  the  op- 
posing action  of  their  stronger  antagonlst-s.  If  the  disprt)ponion 
in  strength  is  not  great,  then  by  a  stronger  innen'ation,  made  under 
the  desire  to  prevent  double  vision,  the  visual  axes  may  be  proj^eriy 
adjusted;  but  the  strain  that  results  from  thl^  continual  overcon- 
traction  may  be  injurious.  A  condition  of  lack  of  f)alance  of  this 
kind  in  the  muscles  is  spoken  of  as  heterophoria,  and,  according  to 
the  direction  in  which  the  visual  axis  tends  to  de^^ate  the  condition 
is  described  specifically  as  esophoria,  deviation  inward;  exophoria, 
deviation  outward;  hyperphoria,  cJeviation  up  or  down.  The 
eonditifm  may  be  oliviated  by  prismatic  glasses  so  placed  as  to 
aid  the  weaker  muscle.  When  the  lack  of  balance  between  the 
opposing  muscles  is  so  great  that  the  visual  axes  can  not  be  brought 
to  bear  upon  the  same  points  we  have  the  conilition  of  squint  or 
strabismus.  Such  a  condition  may  result  frnni  a  deficiency  in 
strength  or  in  actual  paralysis  of  one  or  more  of  the  muscles,  or  from 
an  overaction  in  some  of  the  muscles  as  contrasted  with  their 
antagonists. 

The  Binocular  Field  of  Vision. — When  the  two  eyes  are  fixed 
upon  a  given  jxiint,  placcil,  let  us  say,  in  front  of  us  in  the  metiian 
plane,  each  eye  has  its  own  visual  field  that  may  l>o  charted 
by  means  of  the  |x?rimeter.  Hut  the  two  fields  overlap  for  a 
portion  of  their  extent,  and  this  overlapping  area  constitutes 
the  field  of  biri(»cular  vision  (see  Fig.  148).  Ever>'  I^int  in  the  bin- 
ocular field  forms  an  image  upon  the  two  retinas.  The  most 
interesting  fact  al>out  the  binocular  field  is  that  some  of  the  objects 
contained  in  it  are  seen  single  in  spite  of  the  fact  that  there  are  two 
retinal  images,  while  others  are  seen  or  may  be  seen  double  when 
one's  attention  is  directed  to  the  fact.  Whether  any  given  object 
is  seen  single  or  double  dej^ends  upon  whether  its  image  does  or  does 
not  fall  upon  corrcsfxinding  point.s  in  the  two  retinas. 

Corresponding  or  Identical  Points. — By  definition  corre- 
sponding (►r  idonticnl  point.s  in  the  two  retinas  are  those  which  when 
simultaneously  stimulated  by  the  same  luminous  object  give  us  a 
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angle  sensation,  while  non-coiT(rspondiiig  points  are  those  which 
when  so  stimulateil  give  us  two  visual  sensations.  It  is  evident, 
from  our  experience,  that  the  fove«  form  corresponding  point.'^  or 
areas.  When  we  look  at  any  object  we  so  move  our  eyes  that  the 
image  of  tlie  point  obsen^ed  shall  fall  upon  syminetrical  partf»of  the 
fovea;  the  lines  of  sight  of  the  twc^  eyes  converge  upon  and  meet  in 
the  point  looke<i  at.  If  while  r)bser\'ing  an  object  we  press  gently 
upon  one  eyelmll  with  the  en<l  of  the  finger,  two  images  are  seen 
at  once,  and  they  diverge  farther  and  farther  frcmi  each  other 
MB  the  preesure  upon  the  eyeball  Ls  increased.     Expi*riment  shows. 


Is-  148.— Perimeter  chart  to  ahow  lh«  e\t#nt  of  the  UaoeuUr  visual  field  (shaded 
when  the  eyea  are  fixed  upou  a  median  point  in  the  horisontal  plane. 


also.  that,  in  a  general  way,  |x)rtioasof  the  retina  symmetrically 
placed  to  the  right  side  of  the  fovea*  in  the  two  eyes  are  cor- 
responding, and  the  same  is  true  for  the  two  left  halves  and  the  two 
upper  and  lower  halves.  The  right  half  of  the  retina  in  one  e.ve  is 
non-corresponding  to  the  left  half  of  the  other  retina,  and  vice 
versa:  and  the  .same  relation  is  true  of  the  upper  and  lower  halves, 
respectively.  If  we  imagine  one  retina  to  l)e  lifted  without  turning 
and  laid  over  the  other  .so  that  the  foveje  anil  vertical  and  horizontal 
meridians  coincide,  then  the  corresponding  jx)int.s  will  be  superposed 
throughout  those  portions  of  the  retina  that  represent  the  binocular 
field.     This  statement,  however,  is  theoretical  only;  an  exact  point 
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to  poinl  corrc>^i)on<Iencc»  bus  not  lueen  ileterminod  experimcataUy. 
Within  the  Ihiiius  of  our  jKiwei>  of  obiservation  fur  ordinan-  objects 
we  may  adopt  Tscheniirig'.s  rule, — namely,  that  when  the  image-** 
of  an  object  on  the  two  relimus  are  projected  to  the  same  side  of  the 
point  of  fixation  tlioy  are  seen  single,  their  retinal  images  in  this  casse 
falling  on  the  retina  to  the  same  side  of  the  lines  of  sight;  when, 
however,  the  retinal  images  fall  on  opposite  sides  of  the  lines  of  sight 
and  are  projected  to  opjxisite  sides  of  the  piint  of  fixation,  they  are 
seen  double.  The  doubling  of  objects  thiit  do  not  fall  on  correspond- 
ing points  (physiological  diplopia)  is  most  readily  demonstrated  for 
objects  that  lie  between  the  lines  of  sight, eithercloserorfartheraway 
than  the  object  looked  at.  If,  for  in^lanro,  one  holds  the  two  forefin- 
gers in  front  of  the  facv,  in  the  median  plane,  one  liand  Ijeing  at  aljout 
the  near  point  of  distinct  vision  and  the  other  as  far  away  as  possible, 
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Fig.  140. — Dia|rnun.i  to  show  bomon>tnoun  and  betcronymoat  diplotna:  In  t  the  eym 
arefooUMd  on  A:  ihe  inincei  of  B  fall  on  non-corrcHponding  poinu,— that  is,  to  diffcrmi 
sides  of  the  fove^.— and  are  >«en  doublo.  Iipinji  rin>jec(oil  lo  the  j^lunc  uf  A,  givxua:  htVer- 
oaymoui  diplopia.  In  //  the  vye»  a.tv  ftTCxmBtl  mi  the  nearer  [HJtiit,  .-l.  au«l  the  farther  point, 
S,  forms  imngen  on  non-corrospiuiding  noinu"  and  is  soexi  double. — bomonymotia  diplopia, 
— -this imacos  Deiiig  |iri.>jectod  to  ttio  fucai  )>lanc  A. 

it  will  be  noticed  that  when  the  eyes  are  fixed  on  the  far  finger 
the  near  one  is  seen  double  and  ince  liersa.  In  this,  as  in  other 
experiments  in  which  the  eyes  are  accommodated  for  one  object 
while  the  attention  is  directed  to  another,  some  difficulty  may  he 
ex{>erienced  at  first  in  dissociating  these  two  acUs  whi<'h  normally 
go  together,  but  a  little  practice  will  soon  enable  one  to  distinguish 
clearly  the  doubling  of  the  point  uix)n  which  the  lines  of  sight  are  not 
converged.  If  a  long  stick  is  held  horizontally  in  front  of  the  eycss 
the  end  near  the  face  will  be  doubled  when  tlio  eyes  are  iiirected  to 
the  far  end  and  vice  nraa.  Moreover,  by  a  simf>le  experiment  it 
may  be  shown  that  objects  nearer  the  eyes  than  the  ]>omt  looked  at 
are  doubled  hetcronymously, — that  is,  the  right-hand  image  belongs 
to  the  left  eye.  and  the  left-hand  one  to  the  right  eye.  This  is  easily 
demonstratetl  by  closing  (he  eyos  alternately  and  noting  which  of 
the  images  disapiiears.    The  reason  for  the  cross-projection  of  the 
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i\s  made  apparent  by  the  constniciion  in  Fig.  149,  /.  bearing 
in  mind  the  fsscuiial  fact  that  in  projecting  our  retinal  images  we 
nJways  project  to  tht-  plane  of  the  object  upon  which  the  eyes  are 
focused.  In  the  figure  the  eyes  are  converged  on  A;  the  images  of 
[M>tut  B  fall  to  opposite  sides  of  the  line  of  sight  and  are  seen 
double  and  are  projected  to  the  jjlane  of  ^-1,  I  he  itiuige  on  the 
right  eye  being  projected  to  6'  on  the  left  of  -1  and  that  on  the  left  eye 
to  b  on  the  right  of  .4.  In  a  similar  way  it  may  he  shown  that  ob- 
jecUt  farther  away  from  the  eye  than  the  |x)iiit  looked  at  are  doubled 
homonymously, — that  is,  the  right-hand  image  belongs  to  the  right 
eye,  and  the  left-hand  one  to  the  left  eye.  The  fact  i*>  explained  by 
the  conj^truction  in  Fig.  149,  //,  in  wliich  A  is  the  point  converged 
upon  and  B  the  more  distant  object.  In  all  binocular  vision,  there- 
fore, the  series  of  object.K  between  the  eye  and  the  point  looked  at  are 
doubled  heteronymously,  and  those  exteuding  beyond  tlie  jxtint  in 
^.the  same  line  are  doubled  homonymoiisly.  Nonnally  wc  take  no 
Onscious  notice  of  this  fact,  our  attention  being  ahsorl>etl  by  the 
Object  upon  which  the  line-s  of  sight  are  din^cted.  Some  physi- 
ologists, however,  have  assumed  that  the  knowleilge  plays  an  im- 
portant part  sulxjon.-^eioush'  in  giving  us  an  idea  of  depth  or  per- 
spective,— an  iimnediale  perception,  a^  it  were,  of  the  distinction 
lietween  foreground  an  Itackgroimd.  It  is  usually  assumed  that  the 
exjilanation  of  com^sponding  points  is  to  be  found  in  the  anatomical 
amingenient  of  the  oj»tic  nerve  fiber?.  Thow*  frouj  the  right  halves 
of  the  two  retinae,  which  are  corresponding  halves,  imite  in  the 
right  optic  tract  and  arc  di.stril>uted  to  the  right  .side  of  the  brain, 
while  the  filK?rs  fn)m  the  left  halves  go  to  the  left  sifle  of  the  brain. 
The  basis  of  the  single  sen^salion  from  two  visual  images  is  to  \>e 
found  probably  in  the  fact  that  the  cerebral  terminations  through 
which  the  final  psychical  act  Is  mediated  lie  close  together  or  po^ibly 
unite. 

The  Horopter. — In  every  fixed  position  of  the  eyes  there  are 
a  certain  number  of  jxiints  in  the  binocubir  field  which  fall 
upon  corresponding  points  in  the  two  retinas  and  are  therefore 
seen  single.  The  .sum  of  these  point*  is  designated  an  the  horopter 
for  that  position  of  the  eyes.  It  may  l>e  a  straight  or  cur\cd  line, 
or  a  plane  or  cuned  surface.  Helmholtz  calls  attention  to  the  fact 
that,  when  standing  with  our  eye-s  in  the  prinuir\*  position. — tliat 
ifl,  dirwted  toward  the  horizon. — the  hompter  is  a  plane  coinci<iing 
with  the  ground,  and  this  fact  may  |X)ssibly  l^e  of  8er\'ice  to  us  in 
walking. 

Suppression  of  Visual  Images. — It  happens  not  infrequently 
that  when  an  image  of  an  object  falls  upon  non-corresix)nding 
points  in  the  two  retinas  the  mind  ignort^>  or  suppresses  one  of  the 
inugeB.    This  peculiarity  is  exliibited  esix?cially  in  the  case  of  per- 
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sons  suffering  from  "squint"  (strabismus).  In  this  condition  the 
indiviihuil,  for  one  reation  or  another,  is  unable  lo  adjust  tlie  contrac- 
tions of  his  eye  muscles  so  as  to  unite  his  lines  of  sight  upon  the 
object  looked  at.  '^I'he  image  of  the  object  falls  upon  non-corre- 
s]>onding  points  and  should  give  double  vision,  diplopia.  This 
would  undtMd^tediy  be  ihe  cast*  if  the  condition  came  on  suddenly; 
just  as  double  vision  results  when  we  dislocate  one  eyeball  by 
pressing  slightly  upon  it.  But  in  cases  of  long  standing  one  of  the 
images,  that  fn>m  the  abnormal  eye,  Is  usually  suppressed.  The 
act  of  suppression  seems  to  l>e  a  vinio  of  a  stronger  stimulus  prevail- 
ing over  a  weaker  one  in  consciousness,  just  as  a  painfid  sensation 
from  stimulation  of  one  part  of  (he  skin  may  be  suppressed  by  a 
stronger  pain  fnmi  some  (Jthcr  rt*gion. 

Struggle  of  the  Visual  Fields. — When  the  images  of  two  dis- 
similar object.n  are  thrown^  one  on  each  retina,  the  mind  is  presented, 
80  to  speak,  sinudtaneously  with  two  different  sensations.  Under 
such  circumstances  what  is  known  as  the  struggle  of  the  visual 
fieULs  ensues.  If  the  image  on  one  eye  consists  of  vertical  lines 
ami  on  the  other  of  horizontal  lines  we  see  only  one  field  at  a  tinu\ 
first  one  then  the  other,  or  the  field  is  !>roken,  vertical  lines  in  part 
and  horizontal  lines  in  part;  there  is  no  genuine  fusion  into  a  con- 
tinuous, constant  picture.  The  struggle  of  the  two  tields  is  better 
illustrated  when  different  colors  are  thrown  on  the  two  retinas. 
When  red  ami  yellow  iixv  .superposed  on  tme  retina  we  obtain  a  com- 
f>ound  sensation  of  orange;  if  they  are  thrown  one  on  one  retina^i 
one  on  the  other,  no  such  fusion  takes  place.  We  .«iee  the  field 
alternately  red  or  yellow  or  a  mixture  of  ]>art  red  and  part  yellow, 
or  at  times  one  C(»lor,  as  it  were,  thmti^h  the  other.  If,  however, 
one  field  is  white  and  the  other  black  a  (lecidiur  sensation  of  glitter 
is  obtained,  quite  unlike  the  uniform  gray  that  wotdd  result  if  the 
two  fields  were  superpow^l  on  one  retina. 

Judgments  of  Solidity. — Our  vision  gives  us  knowledge  not 
only  of  the  surface  area  of  objects,  but  also  of  tlieir  flepth  or  sohdity , 
— that  is,  from  our  visual  sensations  we  obtain  conceptions  of  the 
three  tlimensions  of  space.  The  visual  sensations  upon  which  this 
conception  is  built  are  of  sevenil  different  kinds,  partly  monocular. — 
that  is,  such  as  are  perceived  by  one  eye  alone. ^ — partly  binocular. 
If  we  close  one  eye  and  hiok  at  a  bit  of  landscai)c  or  a  solid  object 
we  are  conscious  of  the  i>ersf>eetive,  of  the  right  relations  of  fore- 
ground ami  backgrounfl  and  those  individuals  who  have  the 
misfortune  to  lose  one  eye  an*  stiH  capable,  under  most  circum- 
stances, of  correct  visual  juilgments  concerning  three  dimen- 
sional space.  Nevertheless  it  is  true  that  with  binocular  vision 
our  judgments  of  perspective  are  more  perfect,  and  that  tmder 
certain  circumstances  data  are  obtained  from  vision  with  two  eyea 
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which  give  us  an  idea  of  .solidity  far  more  real  than  can  be  obtained 
with  one  eye  alone.  This  difference  is  shown  especially  in  the 
combination  of  stereoscopic  pict\ircs,  and  in  ordinary  vision  when 
the  light  Is  dini.afi  in  twili/^ht,  or  iu  exucl  jiulgincnts  of  peivpt*ftive 
in  the  case  of  objects  clo^<*  at  hand.  If.  Un  example,  wc  close  one 
eye  and  attempt  to  thread  a  ntH?dlc,  light  a  pipe,  or  make  any  similar 
co-ordinatetl  movement  that  <lcpencls  u|jon  an  exact  jiulgment  of 
the  distance  of  the  object  away  from  us,  it  will  he  found  that  the 
rpfulting  movement  is  far  less  i^rfectly  jK'rfornu'd  than  when  two 
eyes  are  usetl.  The  sensation  elements  upon  wliich  uur  judgments 
of  depth  or  perspective  are  founded  ma}'  be  classified  as  follows:* 

The  Monocular  Elements. — That  is,  those  that  are  experienced 
in  vision  with  one  eye.  (a)  AeriaJ  persprctirc.  The  air  is  not  en- 
tirely transparent,  and,  therefore,  in  viewiup:  iMndscapes  the  more 
distant  objects  are  less  distinctly  seen,  as  is  illustrated,  for  instance. 
by  the  haze  covering  distant  mountains.  This  experience  leads  us 
sometimes  to  make  erroneous  judfrments  when  the  conflitions  are 
unusual.  An  object  seen  suddenly  in  a  fog  looms  large,  as  the 
expression  gT>es.  since  the  feeling  that  hazy  object.^  are  at  a  great 
distance  leads  us  to  give  a  proportional  overvaluation  to  the  rela- 
tively large  visual  image  nuule  by  the  near  object. 

(b)  Mathemiiiical  pernpedire.  The  outlines  of  objects  l>efore 
us  are  projected  upon  the  surface  of  the  eye  in  two  dimensions  only, 
just  as  they  are  represt*nte<l  in  a  drawing.  The  lines  that  indicate 
depth  are  therefore  foresliortened.  and  lines  really  parallel  tend  to 
converge  more  and  more  to  a  vunisbing  [wiint  in  profxirllon  to  their 
distance  away  from  us.  When  one  stands  between  the  tracks  of  a 
railway,  for  instance,  this  convergence  of  the  pamlhd  lines  is  dis- 
tinctly apparent.  We  have  leanied  to  interpret  this  mathematical 
perspective  correctly  ami  with  great  accurac}'.  The  use  of  this 
perspective  in  drawings  is.  in  fact,  one  of  the  chief  means  employed 
by  the  artist  to  produce  an  impres^sion  of  dejith  or  solidity.  For 
distant  objects  at  least  this  factor  Ls  probal>ly  the  most  potent  of 
those  that  can  lie  appreciated  by  monocular  vision. 


The  impdrtance  of  the  niathcmatical  {)erspective  for  our  vimial  judKmeatA 
may  J***  illii«t rated  verv  Mrikin^lv  hy  a  simple  experiment.  If  one  takes  a 
biconv<»\  Irru*  (*f  nhort  focuH  and  8tandin(f  at  a  wmdow  that  Inoks  out  »ijx)n  a 
lonfc  strpft  holds  the  lens  in  front  of  the  eyes  at  ami's  lenplh  he  -ttill  be  able 
to  »*<?•?.  tiy  focuj«ii»g  on  the  inverted  image  formed  by  the  lens,  tliat  not  only 
are  objeetJ*  inverted  «h  regards  their  siirfaee  featiire8,  hut.  for  most  |)ersonB 
St  leAJSt,  the  penupcclive  i«  also  inverted.  t)bjccl«  actually  in  the  fore^cround 
will  appear  in  the  backfrround.  and  one  may  have  the  nirioas  sensations  of 
watching  peraonn  who.  as  they  walk,  8eeni  to  recede  farther  and  farther  into 
the  diMance  in  spit«  of  the  fact  that  they  continue  to  increase  in  sixe.  The 
inverted  or  pwuaosoopic  vision  thun  produced  is  due  undoubtedly  to  the  in- 
wnnon  of  the  lines  of  perspective.     Parallel  lines  which,  without  the  lerw, 

•  8e«  I^Conte,  *'Hight/'  vol.  31  of  ''The  International  Scientific  Series."  1881. 
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would  have  on  the  retina  a  projection  of  this  kind  /\  are  with  the  len?  projected 
inverted  \',  imd  our  visual  judgiuent*  are  oonlroUcd  by  thits  factor  in  spit^ 
of  the  opposing  evidence  from  the  size  of  the  retinal  images.  In  order  (or 
the  expenment  to  succeed  it  w  necei5sur>'  thtit  the  ohject*  newed  ashall  be  far 
enough  away  so  that  u  Jlat  picture  may  be  given  by  the  leas.— that  is,  u  pic- 
ture in  which  the  foci  for  the  near  points  shall  not  differ  practically  fnim  llmse 
of  more  distant  points,  othcnvise  tlie  muscular  inovenienia  of  accommodation 
interfere  uirh  the  delusion.  Tlie  relative  Uuportanoe  of  this  last  factor 
(see  succeeding  paragraph)  is  well  illuistrutcd  by  varying  the  experuueni  in 
liiis  way:  Place  two  objects  upon  a  well-hghled  table,  one  at  the  near  end 
and  one  at  the  far  end.  Then  standing  close  to  the  table  view  these  objects 
through  the  lens  as  before.  They  will  be  seen  in  their  right  relations  to  each 
other.  If,  however,  one  backs  away  from  the  table  while  watching  the  Images 
there  will  como  a  distance  at  whichthe  near  object  will  be  seen  to  shift  around 
to  the  rear  of  the  far  object. 


(c)  The  Muscle  Sense  (Focal  Adjuslment), — For  objects  near 

enough  to  reqviire  iifcommodation  it  m  obvioua  tlmt  the  nearer 
object  will  need  u  stronger  coutruction  of  the  ciliary  muisclc,  and 
also  of  the  internal  rectus  in  order  to  bring  the  line  of  sight  to  bear 
correctly.  By  ineanii  of  the  fibers  of  muscle  sense  we  have  a  ver." 
exact  conception  of  tlie  degree  of  contraction  of  these  muscles,  and 
this  sensation  is  |)erhaps  the  most  imixjrtant  factor  used  in  making 
our  monocidar  judgments  of  depth  for  objects  at  a  short  distance. 
In  bitioculur  vision  the  same  factor  is  doubtless  of  increased  effi- 
ciency l)y  n»ikson  of  the  sensations  obtained  from  the  two  eyes. 

(d)  The  disposilion  of  lights  Ofid.  shndes  ond  the  s^izc  of  familiar 
objects.  It  may  be  assumed  that  in  distant  vision  of  complex 
fields  the  varA'ing  lights  and  shades  exhibited  by  objects  accoriling 
as  they  stand  in  front  of  or  l>ehind  each  other  also  aid  our  judg- 
ment. The  actual  size  also  of  the  ivtinal  images  of  famihar  object-s — 
such  B£  animals,  ta^cs,  etc. —gives  us  an  accessorv'  fact  wliich  con- 
tributes to  the  impression  derived  from  the  sources  mentioned 
above.  These  factors  are  employed  with  effect  by  the  artist  in 
strengthening  the  general  impression  which  he  ^NTshes  to  give  of 
the  difference  between  the  foreground  ami  the  background. 

The  Binocidur  Perspective. — In  binocular  vision  there  is  an 
additional  element  which  contributes  greatly  to  our  judgment  of 
depth.  This  element  c-onsists  in  the  fact  that  the  retinal  images 
of  external  objects,  particularly  near  objects,  are  different  in  the  two 
eyes.  Inasmuch  as  the  eyes  are  separated  by  some  distance  the 
projection  of  any  solid  object  upon  one  retina  is  different  from 
the  projection  on  the  other.  If  a  truncated  pymmid  is  held  in 
front  of  the  eyes,  the  right  eye  sees  more  of  the  right  side,  the  left 
more  of  the  left  side.  The  projection  of  the  same  object  upon  the 
two  retinas  may,  in  fact,  be  represented  by  the  drawings  given  in 
Fig.  150.  Whenever  this  condition  prevails,  whenever  what  we 
may  call  a  right-eyed  inuigo  of  an  object  is  thrown,on  the  right  eye 
and  simultaneously  a  left^jycd  image  on  the  left  eye.  whether  in 


BINOCCLAR    VISION, 


347 


F^r.  150. — Right-  and  le(t-cy«d  Images  of  tnincmtati 
pyramifj.  May  be  combined  to  produce  eolid  IniaCB  by 
rvhixiDjc  the  accommodAtion*— that  15,  gaiing  to  a  dil* 
lAuoe  through  the  book. 


nature  or  by  an  artifice,  we  at  once  perceive  depth  or  solidity  in  the 
object.  This  fact  is  made  use  of  in  al!  devices  employed  to  produce 
gtcreoscopic  virion. 

Stereoscopic  Vision. — Stereoscopic  pictures  may  be  obtained 
l>y  phoiograplung  the 
3M?  object  or  collec- 
tion of  objects  from 
slightly  different 
points  so  as  to  get  a 
riglit-eyed  and  a  left- 
eyed  picture;  or  for 
simple  outline  pic- 
tures, such  as  geo- 
metrical figures,  they 
may  be  made  by  draw- 
ing of  the  object  as  seen  by  the  two  eyes,  respectively  (see  Figs. 
150- and  152).  Any  optical  device  that  will  enable  us  to  throw  the 
right-eyed  picture  on  the  right  eye  and  the  left-eyed  picture  on 
tbe  left  eye  constitutes  a  stereoscope.     Many  tliiTerent  fonns  of 

stereoscope  have  been  devised; 
the  one  that  is  most  frequently 
used  is  the  Bretvsttr  stereoscope 
represented  in  principle  in  Fig. 
151.  Each  eye  views  its  corre- 
sponding picture  through  a 
cun-ed  prism.  The  sight  of  the 
left-eyed  picture  is  cut  off  from 
the  right  eye,  and  nee  versa,  by 
a  partition  extending  for  some 
distance  in  the  median  plane. 
The  prisms  are  placed  with  their 
hases  outward  and  the  ra\'s  of 
light  from  the  picturt\s  are  re- 
fracted, as  shown  in  the  diagram, 
so  as  to  aid  the  eyes  in  convers- 
ing their  line^  of  sight  upon  the 
same  object.  The  prisms  also 
magnify  the  pictures  somewhat. 
Stereoscopic  pictures  are  mounted 

usually  for  this  instrument  so  that 

the  distance  between  the  same 
object  in  the  two  pictures  is  alwut  8()  nuns. — greater,  therefore,  than 
the  interocular  dL^tanee.  A  simple  form  of  stereoscope  that  is  veiy 
efTective  and  interesting  is  sold  under  the  name  of  the  nnagbjph. 
The  two  pictures  in  this  case  arc  approximately  su]K*q>osed,  but  the 
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Diaoam  to  iUuotrate  the 
be    Drvwi>ter    etereoBcape 


Xijanaai*) :  P  and  P",  the  priaxnfl.  0,6, 
and  *.  $%  l^  left- and  rij-ht-eyed  ptcturoa, 
mvecilvely.  b.  H,  being  a  point  in  tbe 
loracrouna  ana  a,  «,  a  point  un  tti«  back- 
0MIAd.  Tbe  eyea  are  cnnvernreil  and 
fboiMed  MiMrstely  for  each  |>oiut  a«  in 
vUwigg  natundly  an  object  of  rhree  di- 
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outlines  of  one  are  in  Idue  and  the  other  in  red.  When  looked  at, 
therefore^  the  picture  givew  an  ortlitiary  flat  view  with  confused 
red-bhie  outline.s.  If,  however,  one  holds  a  piece  of  red  glass  in 
front  of  the  left  eye  and  apiece  of  blue  glas-s  in  front  of  the  right  eye, 
or  more  conveniently  uses  the  pair  tif  spectacles  provided  which 
have  blue  gla«s  on  one  side,  red  on  the  other,  then  the  picture  stands 
out  at  once  in  solid  relief  with  surprising  ilistinctness — and  as  a 
black  and  white  object  only.  The  retl  ami  blue  glasses  in  this  case 
simply  serve  to  throw  the  right-eyed  image  on  the  right  eye  and  the 
left-eyed  image  ou  the  left  eye.  Assuinijig  that  the  right-eyed 
image  is  outlined  in  red^  then  the  blue  glass  .should  be  in  front  of  the 
right  eye.  This  glass  will  absorf)  the  red  rays  completely  so  that 
the  red  outlines  in  the  picture  will  seem  black  aiul  a  ilisiinct  right- 
eyed  picture  is  thrown  on  the  right  eye,  distinct  enough  to  make  us 
overiook  the  much  fainter  image  in  blue,  which  is  also  trans- 
mitted  through   the   lihic   glass.     The   red   glass   before  the  left 

eye  cuts  out,  in  the  same 
way,  the  right-eyed  image 
and  presents  in  dark  outline 
the  loft -eyed  image.  By 
simply  reversing  the  spec- 
tacles the  right-eyed  image 
may  l>e  thrown  upon  the 
left  eye  and  vice  reiiwi . 
Under  these  conditions  the 
picture  for  uiost  persons 
may  be  seen  in  inverted 
relief  (pseudoscopic  vision), 
objects  in  the  foreground 
receding  into  the  backgn)und.  This  inversion  of  the  relief  when 
the  projection  U|)on  the  retinas  is  reversed  is  a  striking  indica- 
tion of  the  f>otency  of  the  normal  pmjection  as  a  factor  in  our 
juilgments  of  solid  object^;.  It  will  be  observed,  moreover,  that 
those  pictures  that  shr»w  least  mathematical  perspective  are  the  most 
readily  inverted,  ami  that  the  ability  lo  invert  the  picture  varies  in 
different  individuals;  in  some,  what  we  have  called  the  binocular 
perspective,  founded  ujxm  the  tUssimilar  images,  prevails  over  the 
mathematical  perspective  more  readily  than  in  others. 

Stereoscopic  pictures  may  also  be  conibiaod  ver>'  successfully 
without  the  use  of  a  stereoscope  by  virtue  of  the  phenomenon  of 
physiological  diplopia.  If,  for  instance,  two  stereoscopic  drawings, 
such  as  are  represented  in  Fig.  152,  are  held  Ijefore  the  eycfe  and  one 
relaxes  his  aceommncialion  so  as  to  look  through  the  pictures,  as  it 
were,  to  a  point  beyond,  then,  in  accordance  with  what  was  stated 
on  p.  324,  each  picture    gives  a  double  image,  since  it  falls  on 
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non-corresponding  parl.s  of  the  twxi  retinai«.  Four  pictures,  there- 
foro  vdll  be  seen,  alJ  out  of  focus.  With  a  little  practice  one  can  so 
converge  his  eyes  as  to  make  the  two  middle  imager  come  together, 
and  since  one  of  these  Ls  an  image  of  the  right-eyed  picture  and  is 
falling  on  the  right  eye,  and  tlie  other  is  a  loft-eyed  picture  falling 
on  the  left  eye,  ihe  combination  of  the  two  fulfills  the  necessary 
conditions  for  binocular  perspective.  The  figure  stands  out  in 
bold  relief. 

Explanation  of  Binocular  Perspective. — Our  perception  of 
flolidilyor  relief  Ls  a  seeondar}'  psychical  act,  and,  so  far  as  the  binoc- 
ular element  is  concerned,  it  is  based  upon  the  fact  that  the  images 
are  slightly  ilifferent  on  the  two  retinas;  but  why  this  dissimilarity 
should  produce  an  inference  of  this  kind  is  not  entirely  untlerstood. 
Certain  facts  have  Ijeen  |>ointed  out  as  having  a  probable  bearing 
upon  the  mental  process.  In  the  first  place,  in  stereoscopic  pictures, 
as  in  nature,  we  do  not  see  the  whole  field  at  once.  To  see  the  ol>- 
jects  in  the  foregrouml  the  eyeballs  must  i>e  converged  by  the  eye 
muscles  so  that  the  lines  of  sight  may  meet  in  the  object  regarded. 
When  attention  is  jxiid  to  object;?  in  the  background  less  convergence 
is  necessar>'  (see  Fig.  149).  The  jx>int  of  fixation  for  the  Imes  of 
sight  is  kept  continually  moving  to  and  fro,  and  the  sensation  of 
this  muscular  movement  unrloubtedly  plays  an  important  part  in 
giNing  us  the  idea  of  depth  or  solidity.  For  persons  not  practised 
in  the  matter  of  observing  stereoscopic  pictures  the  full  idea  of  relief 
comes  out  only  after  this  muscular  activity  has  \jeen  calleil  u[>on. 
But  for  the  pmctise<l  eye  this  pla}'  of  the  muscles  is  not  absolutely 
oeoeflsary.  The  stereoscopic  picture  stands  out  in  relief  even  when 
ilhimiimtefl  momentarily  by  the  light  of  an  electric  si>ark.  The  f>er- 
ception  of  solidity  in  this  case  is  instantaneous,  and  it  has  been  sug- 
gested that  this  result  may  dei>end  ujxm  the  immediate  recognition 
of  ph^'siological  diplopia, — that  is,  the  fact  that  objects  nearer  than 
the  point  of  fixation  are  doubled  heteronymously.  while  those 
farther  away  are  doubled  honionymously  (see  p.  342).  8uch  an 
effect  can  only  be  produced  distinctly  by  objects  having  depth 
and  possibly  in  the  ease  of  the  traincti  eye  it  alone  is  sufRcient  to 
give  the  immediate  inference  of  solidity  or  relief,  while  the  un- 
trained eye  nH]uires  the  accessor)*  sensations  arousetl  by  focal 
justment.  mathematical  f)ersj)ective,  etc. 
Judgments  of  Distance  and  Size. — Judgments  of  distance 
an<l  B\ze  are  closely  related.  Our  judgments  regarding  size  are 
based  primarily  upon  the  size  of  the  retinal  image,  the  amount  of 
the  visual  angle.  This  datum,  however,  is  sufficient  in  it.self  only 
for  objects  at  the  same  distance  from  us.  If  they  are  at  different 
<iistanccs  or  we  suppose  that  such  is  the  case,  our  judgment  of  the 
distance  controls  our  judgment  of  size.     This  fact  is  beautifully 
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shown  in  the  case  of  after-imttgcs  (see  p.  323).  When  an  after- 
image of  am^  object  is  obtained  on  the  retina  our  jiidgnient  of  its 
size  depends  altogether  on  tlie  distance  to  which  we  project  it. 
If  we  look  at  a  surface  near  at  hand,  it  seems  small;  if  we  gaze  at  a 
wall  liiauy  feet  awaA'  it  is  at  onc-e  greatly  enlarged.  Tlie  familiar 
instance  of  the  variation  in  the  size  of  the  full  moon  according  as  it 
is  seen  at  the  htfrizon  or  at  the  zenith  depends  ujion  the  same  fact. 
The  distance  to  the  horizon  as  viewed  along  the  surface  of  the  earth 
seems  greater  than  to  the  zenith:  we  picture  the  heavens  above  us 
as  an  arche<i  dome  Hatteiicd  at  the  tup.  and  hence  the  same  size  of 
retinal  image  is  interjirete<l  as  larger  when  we  suppose  that  we  see 
it  at  a  greater  distiince.  Dur  judgments  of  distance,  on  the  other 
hand,  depend  primarily  upon  the  data  already  enumerated  in 
s]>eaking  of  the  jierception  of  .'w>lidity  or  depth  in  the  visual  field. 
I'or  objects  within  the  limit  of  accommodation  we  dei3end  chiefly 
on  the  muscle  sense  aroused  by  the  act  of  focusing  the  eyes, — that 
is,  the  contractions  of  the  ciiiar\^  and  of  the  extrinsic  muscles.  For 
objects  outside  the  limit  of  accommotlation  we  are  influenced  by 
binocular  perspective,  mathematical  perspective,  aerial  perspective. 


Fig.  Ifhi 


-Miiller-Lyer  fixUnM  lo  nhnw  ilhiKion  In  *'pace  perception, 
are  u(  the  aame  length. 


The  lined  A  aod  B 


etc.  But  here  again  our  judgment  of  distance  is  greatly  influent^ed 
in  the  case  of  familiar  objects  by  the  .size  of  the  n'tinal  image.  A 
striking  instance  of  the  lattor  fact  is  obtained  by  the  u.se  of  field 
glasses  or  opf^ru  glasst^s.  When  wo  look  through  ihem  proijorly 
the  size  of  the  retinal  image  is  enlarged,  and  the  oljjects.  therefore, 
seem  to  be  nearer  to  us.  If  we  reverse  the  glasses  ami  look  through 
the  large  end  the  size  of  the  retinal  image  is  reducc^d  and  the  objects, 
therefore,  seem  to  be  mucli  fartlnTaway,  Mnce  under  normal  condi- 
tions such  small  iiiuiges  of  familiar  objects  are  forme<i  only  when 
they  are  at  a  great  distance  from  us. 

Optical  Deceptions. — Wmng  judgment.s  as  regards  distance 
and  :*izc  are  frequently  made  and  the  fact  may  be  illustrated  in  a 
number  of  interesting  ways.  Thus,  in  Fig.  lo3  the  lines  A  and  B 
are  of  the  same  size,  but  B  scenes  to  be  di.stinctly  the  longer.  So 
in  P'ig.  154  the  vertical  lines,  although  exactly  parallel,  seem,  on 
the  contrary,  to  run  oblitjuely  with  reference  to  t>ne  another.  Both 
of  these  decepti<in.s  deix-nd  ajiiparfuily  upon  ttwr  inability  lo  estimate^ 
angles  exactly ;  we  undervalue  t  he  iicutc  angles  and  overvalue  those 
that  are  (»btuse.  A  very  remarkable  delusion  is  given  by  Fig.  155. 
If  the   book   is  heiri  flat  at  the  level  of   iho  chin  and  six  or  eight 
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inches  from  the  face  and  the  eyes  are  focused  on  the  point  of  inter- 
fiection  of  any  two  of  the  lines,  a  third   lino  wil!  be  seen  perpen- 


// 


\ 


\ 


\\ 


\ 


\ 


\ 


\ 


// 


\ 


\ 


/ 


/ 


// 
o 
// 


/ 


/ 


/ 


// 


w 
\\  /I/ 

\\  A. 


Put   IM.-  ZAiliitr'i  linw. 


diciilar  to  the  plane  of  the  other  two,  and  projectinR  vertically 
from  the  surface  of  the  page.  A  row  of  these  vertical  lines  will 
be  seen,   if  the  distance  is  properly  chosen.     As  one  bends  the 


P\».  156. — optical  illiuion  in  pmj««tion. — (FraniUtn.) 

bead  from  side  to  side  the  lines  sway  in  the  same  direction.  It 
forms  a  vers-  striking  instance  of  the  fact  that  we  may  see  most 
ifislJnclJy  a  thing  tJial   has  no  real  existence, — a  caKT.  therefore, 
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in  whirh  we  can  not  trust  our  senses.  The  delusion  seems  to  be' 
due  Ui  the  fact  that  the  two  hnes.  in  the  position  indicated,  form 
a  projection  on  the  retina  i^ueh  af^:  would  be  made  by  an  actual 
vertical  rofl  placed  at  the  |x>int  at  which  we  see  one.  Fig.  156 
gives  an  interesting  illustration  of  the  way  in  which  our  judg- 
ment of  solidity  may  vary  with  our  inteq>retation  of  maihe- 
matica]  [wrspcctive  and  shading  when   these  factors  are  arranged 


Fig.  150. — Figure  to  Illustrate  binoouUr  deceplionfi  de[wndinfc  UTM>n  differont  iaier- 
prclatiuuff  nf  cKe  niBthematicaJ  pervpeciive  aiul  the  li|rht.H  iui<l  .shaaes.  Oo  gaainc  fixedly 
Uie  Image  will  oh9Lt]K»  from  u  niiigle  cub«  wjili  blurk  io[)  rentiuK  nn  two  otbere  wnh  black 
toiM,  to  une  of  two  culies  with  black  bottoms  restiu^  upon  a  atasle  cube  with  black 
boctotn.     Still  other  tiffures  may  appear  from  time  to  time. 

to  give  more  than  one  choice.  If  the  figure  is  looked  at  steadily 
it  may  assume  several  different  appearances  ;  two  are  especially 
prominent.  We  may  see  tWT)  culx*s  resting  u|wn  a  third  one, 
each  with  the  black  side  imtiermost,  or  we  may  see  one  ctil>e  rest- 
ing on  two  under  ones  each  with  its  black  side  up[x*miost.  Our 
judgment  in  the  matter  changes  from  one  interpretation  to  the 
other  without  any  apparent  cause. 
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CHAFIER  XX. 

THE  EAR  AS  AN  ORGAN  FOR  SOUND  SENSATIONS, 

In  iliscusiiing  the  phvsiolog\'  of  the  ear  it  is  necessary  to  consider 
the  functional  importance  of  its  various  parts,  the  external  ear 
consisting  of  the  lohe  or  pinna,  the  external  auditory  meatus,  and 
the  tympanic  membrane;  the  middle  ear,  with  it«  chain  of  ossicles, 
itsmuscJei^and  ligaments,  and  Hie  Kustachian  U\he;  and  the  internal 
ear,  with  its  cochlea,  vestibule  (iitrirulu.H  anil  saceulus).  and  semi- 
dnrul&r  canals.    The  eighth  cranial  or  so-called  auditor}^  nerve  is 


F$«.  157 — SernMuucnnimatlo  ■BCtion  thn)U^  xh&  rutht  oar  (Cttrmak}'.  O,  External 
auditoo'  m«Atiu;  T.  inembranft  tytn(Muii:  h*.  tympanic  ravily;  o.  f«nntrm  ovaJis;  r,  fen- 
•Btn  rotunda:  H.  «Pitucircular  caoal;  H,  oorhlea;  Vt,  neala  wiitibali:  Pi,  acala  tympani; 
X.*  Euatachian  tu^ie. 

distril)ute<l  entirely  within  the  internal  ear;  the  fibers  of  the  coch- 
\oi\x  branch,  which  alone  perhaps  are  concerned  with  hearing,  end 
among  the  sensorv  ner\'e  cells  of  the  cochleA,  wliile  the  vestibular 
branch  supplies  similar  sense  cells  situated  in  the  utriculus.sacculus, 
and  the  ampulhe  of  the  semicircular  canals.  We  may  consider 
first  the  functions  of  the  ear  in  resi>ect  to  the  sensations  of  sound. 
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The  somewhat  complicated  anatomy  of  the  parts  concerned  should 
be  obtained  from  the  sjwcial  works  on  anatfniiy  or  histology.  For 
the  purposes  of  a  physiological  presentation  the  schematic  figure 
employed  by  Czerraak  and  reprrKinced  in  Fig.  157  will  suffice  to 
exhifiit  the  general  anatomical  relations  of  the  jmrts  concerned  in 
the  ti"anstnission  of  the  sound  waves  fn)iii  the  exterior  to  the  cochlea. 
The  Pinna  or  Auricle. ^Tho  pinna  of>ens  into  the  external  mea- 
tus b}*  means  of  a  cone-shaped  depression,  the  concha.  I'he  whole 
organ,  and  especially  tlie  concha,  may  be  considered  as  fulfilling 
more  or  less  perfectly  (he  function  of  collecting  the  sound  waves 
and  reflecting  theiu  into  the  meatus.  In  the  lowt^r  uiumals  the  con- 
cave shiipe  *if  the  ear  and  its  motility  j^roimhly  make  it  much  more 
useful  hi  this  rcsjxrct  than  in  the  case  of  the  human  car.  But  even 
in  man  the  pinna  is  valuable  to  some    extent  in  intensifying  the 

appreciation  of  somids  and 
also  in  enal)iing  us  to  deter- 
mine their  ilirection.  The  ex- 
ternal auditory  meatus  haa  a 
length  of  aljout  21  to  26  mms., 
and  a  capaf-ity  of  something 
over  one  cubic  centimeter. 
Its  course  is  not  straight,  but 
passes  first  somewhat  back- 
ward and  upward,  and  then 
turns  forward  and  inw^ard  to 
end  against  the  tympanic 
membrane.  All  sound  waves 
that  affect  the  dnmi  of  the  ear 
must,  of  course,  pass  through 
this  canal. 

The  Tympanic  Mem- 
brane.— The  tympanic  mem- 
brane ctr>ses  the  inner  end  of 
the  meatus  and  lies  obliquely  to  the  axis  of  the  canal,  its  plane 
making  an  angle,  opening  downward,  of  I5t)  degrees.  The  mem- 
brane, although  not  more  than  0.1  mm.  thick,  consists  of  three 
coats:  a  layer  of  skin  on  the  external  surface,  a  layer  of  mupt>us 
menil>rane  on  the  side  towanl  the  middle  car,  and  in  between  a 
layer  of  fibrous  connective  tissue.  The  middle  layer  gives  to  the 
membrane  its  peculiar  structure  and  properties.  In  form  the 
membrane  has  the  shape  of  a  shallow  funnel  with  the  apex,  or 
umbo,  as  it  is  called,  somewhat  below  the  center,  '['ho  hl)ers  of 
tlie  filu'ous  layer  are  arranged  partly  circularly  ami  partly  in  lines 
radiating  fn)m  the  umbo  to  the  peripheral  margin  (Fig.  158). 
The  walls  of  the  funnel  are  slightly   convex  outwardly;   so  that 


Tig.  158. — To  .nhnw  the  .-rtructure  of  the 
tympanic  nienibrune,  luoke<l  at  frxim  tbe  aiUe 
<i  the  meatus  (//rruen) :  ax,  The  axia  of  rota- 
tion uf  the  ear  bunea;  d,  the  incus;  a,  ibe 
bead  uf  the  malieua. 
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each  radiating  fiber  fomifl  an  arch.  On  the  inner  side  of  the  niem- 
hrane  the  chain  of  ear  ossicles  is  attached,  so  tliat  the  vibrations 
of  the  membrane  are  transmitted  directly  to  these  ^)ones.  The 
|>ecn!iar  form  of  the  membrane,  it^  funnel  shape,  its  arehed  sides, 
and  it«  un8>Tiinietrical  division  by  the  umix)  are  supjjoscd  to  con- 
tribute to  its  value  as  a  traosniitter  of  the  sound  vibrations  of  the 
&ir.  In  the  first  place,  the  membrane  shows  little  tendency  to 
after-XTbnitions. — tlmt  Ls,  when  set  in  motion  by  an  air  wave  it 
allows  Uttle  or  no  tendeacy  to  continue  vibrating  after  the  acting 


R«.  l.W. — TympMUm  nf  riieht  Mi]e  with  fir*icle«  in  plooe,  viewed  from  within  (iifter 
iforrw):  1,  Body  of  incus;  2,  AU.HjMrnnory  li^nrnent  uf  rnaJleai;  3.  linment  of  Uicur«;  4, 
hwil  of  nuileun;  5,  •pityinpanic  cuvUy:  6,  chunlu  tyinpiini  uerve;  7.  t«n<ioD  of  tensur 
tynpaai  muacle;  Sj^ foot-piece  uf  Hirrup:  9.  **^  nrhiciilarc>:  10,  niAiiubriuni ;  11,  tettsor 
lymfMia  moflBls;   12,  membnuia  tympaoi;    13.  EuaiacbiAn  tubie. 


force  has  ceased.  It  is  obvions  that  such  a  property  is  valuable  in 
rendering  hearing:  more  distinct,  and  the  f>eculiarity  of  the  mem- 
brane in  this  respect  is  attributed  partly  to  its  special  form  and 
partly  Ui  the  damping  action  of  the  lx)nes  attachetl  to  it.  In  the 
second  place,  the  an-hed  sides  of  the  funnel  act  as  a  lever,  so  that 
the  tnovements  at  these  part-s  are  transmitted  to  the  umbo  with  a 
diminution  in  amplitude,  but  an  intensification  in  force.  It  is  at 
the  umbo  tlmt  the  movement  is  comniunicatcil  to  the  ear  bones. 
The  Ear  Bones. — The  three  ear  bones — the  malleus,  the  incus, 
ftd  tlie  stapes — taken  together  form  a  chain  coimecting  the  tyin- 
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puik  membnoe  with  the  iimirfwif  erf  Use  fez^estra  ovalis.  By 
IfaiB  mmiwi  the  vihgmtinn>  of  the  tywipanir  membrane  are  com- 
monieftted  to  the  mrmhcmnp  dL  the  fnMi<n  ovmfis  and  thus  to  the 
perilymph  filling  the  c&Titr  of  the  intemal  ear.  The  bones  consist 
of  ^noGT  maleriad  vith  %  oompart  mrttmat  layer.  Their  general 
flfaape  and  oamectiaBB  are  iUuBtialed  in  FigL  159  and  160.  To 
undentand  the  maaaer  in  vlncii  the  chain  of  hones  acts  in  con- 
veying the  vibnUioaa  &om  one  mcoibimDe  to  the  other  some  points 
in  their  stractme  axkd  umnwlinaa  may  be  recalled.  The  fruiilens 
is  about  18  to  19  mma.  long,  and  haa  an  avenge  weight  of  23  niilli- 
giama.  Its  loQg  handle  ib  imbcdifcid  in  the  tympanic  membrane. 
the  tip  reaching  to  the  umbo.  The  lar^.  rounded  head  projects 
above  the  upper  edge  of  the  t^inpanic  membrane  and  forms  a  true 

joint  of  a  peculiar  nature  with  the 
incus.  It  has  two  processes  in  arl- 
dition  So  the  manubrium :  a  short 
<Mie,  prooeasus  bre\is,  that  presses 
a^unst  the  upper  edge  of  the  tym- 
panic membrane,  and  a  longer  one, 
the  pn>cessii3  gracilis  or  processus 
Folianus,  which  projects  forward 
and  is  continued  by  a  ligament,  the 
anterior  ligament,  through  which 
the  malleus  is  attached  to  the  bony 
wall  of  the  tympanic  ca\'ity.  Three 
other  ligaments  are  attached  to  the 
malleus,  the  external  ligament,  bind- 
ing it  to  the  external  face  of  the 
cavity,  the  posterior  ligament,  and 
the  superior  ligament,  the  latter  at- 
taching the  upper  part  of  the  head 
to  the  roof  of  the  tympanic  cavity.  By  means  of  these  ligaments 
the  bone  is  held  steadily  in  position  even  after  its  connections 
with  the  incus  are  loosened.  The  inntJt  is  somewhat  more  mas- 
sive than  the  malleus,  weighing  about  25  milligrams.  Its  thicker 
portion  articulates  with  the  head  of  the  malleus,  and  it  has  two 
processes  nearly  at  right  angles  to  e-ach  other.  The  shorter  process 
extends  p<.>st€riorly  and  is  attached  by  a  ligament  to  the  posterior 
wall  of  the  tympanic  ca>'ity;  the  long  process  passes  downward 
purullel  with  the  handle  of  the  malleus,  but  turns  in  at  the  tip 
to  form  the  rounded  os  orbiculare,  which  articulates  with  the 
heafl  of  the  stapes.  This  latter  lM)ne  Is  extremely  light,  weighing 
about  3  milligrams,  its  oval  base  l^eing  attached  to  the  margins 
of  the  fenostni  ovalis  by  a  short,  stiff  membrane. 

The  Mode  of  Action  of  the  Ear  Bones. — The  movements  of 


Fie.   100.— Tbe    booM   oT   ikm 
middle  ear   in    oaturml    ootuwotloitt 

the  bcAd;     i/c,  (be  neck;    .VI.  tbe 
Kntcilis;    ^Vm,  ibe  manu- 


S, 


rium;    /c,  txHlv   of    tbo  incus:    tb. 
abort  proooM,-    II,  loog  proooas 
tbe  ftepee. 
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the  tympanic  memlirane  are  communicated  to  the  tip  of  the  handle 
of  the  nmnubriuni.  As  the  handle  moves  in,  the  chain  of  bones 
makes  a  rotan'  movement  around  an  axis  which  may  he  defined  as 
the  Une  passing  through  the  attachment  of  the  short  process  of  the 
incup  and  the  anterior  ligament  of  the  malleus.  The  general  posi- 
tion of  this  axis  is  represented  by  the  line  a-h  in  Fig.  161.  Tliia  line 
posses  through  the  neck  of  the  malleus;  so  that  as  the  handle  moves 
in  the  head  of  the  malleus  and  the  upj)er  part  of  the  incus  moye  in 
the  opposite  direction. — while  Uie  Iouk  i^nK-ess  c>f  the  incus  together 
with  the  stapes,  being  below  the  axis,  move  in  the  same  direction  as 
the  handle,  (see  Fig.  16L4).  The  chain  of  l>ones,  therefore,  acts 
like  a  bent  lever  whose  fulcrum  is  at  a.  the  power  arm  being  repre- 


161.— To  Oluatrmte  the  lever 

I  %hm  e»x  boo««  (^MeKt/uiriek): 

iif  The  EnftU«<usi  «,  ttie  incu;^.  ft-h.  tbe 
UK*  ol  rotAttun:  a,  ufaort  prorem  uf 
inctt*  ftbutlinit  asainr«t  tlie  tympitnio 
wmU;  o-p.  tbe  pawrr  Arm;  o-r,  the 
losd  ana  of  the  lever. 


FiX'  16M.— Schemm  tn  illustrate  tbe 
WAV  in  which  the  ear  oaeiclee  act  to- 
ffetlier  aa  a  bfnt  lever  in  transmitting  the 
niuvementA  of  ttia  tympanic  tneoihrane 
to  the  nienihraiio  of  the  fenetitra  ovmHa. 
1,  The  honflle  of  the  malleui*;  'J,  the  Ions 
process  of  th^  inrus;  3.  the  iita|>es  ;  o-o, 
tbe  mxia  of  rotation.  The  arrows  in<fi- 
oate  a  movement  inwartl  of  tbe  tytnpanio 
nambrmoe. 


sented  by  the  line  p-o  and  the  load  arm  by  the  line  r-a.  According 
to  Helmholtz.*  the  distance  p-o  is  equal  to  9.5  mras.,  while  r-a 
is  6.3  mms.  The  movement  at  r,  therefore,  or  the  movement 
of  the  stApes,  will  have  only  twr>-thinls  of  the  amplitude  of  the 
movement  at  p,  but  will  have  a  correspondingly  greater  (one 
and  one-half  times)  force.  The  mechanisms  of  the  tympanic 
membrane  and  the  ear  bones  combine,  therefore,  to  convert  the 
vibraton'  movements  of  the  tympanic  membrane  into  smaller 
but  more  intense  movements  of  the  membrane  of  the  fenestra 
ovalis.     It  should  be  borne  in  mind,  however,  that  the  amplitude 

*  Helmholtz.  "Die  I^hre  von  den  Tonenipfindungen.  etc.,"  fifth  edition, 
t806h     See  also  English  tntiwUtion  by  Ellis. 
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delicmcj  ol  bearing. 


kylom  aflecto  the  bsee  of  the  stapes  at  its  insertion  into  the  fenestra 
ovafis  prartirally  ccmiplete  deafnesB  ensues.  The  aiticiiiatian  of 
the  bead  of  the  malleas  with  the  body  of  the  incus  is  a  pecoBar 
saddfe-sbaped  joint,  which,  according  to  the  deBcripitoa  given  br 
Helmholtz,  acbi  like  a  cogged  or  ratchet  movement.  When  the 
tympanic  menihraDe  moves  in  and  the  head  of  the  malleus,  tbefe- 
fcfie,  mo\'Cfl  outward,  the  joint  locks,  so  that  the  ineus  foQowa  the 
malleus*  If,  however,  from  any  unusual  cause  the  tympanic  mem- 
brane IB  moved  outward  from  its  resting  position,  as  may  result,  for 
inAtance,  from  a  marke^i  fall  in  air  pressure,  then  the  malleus-incus 
joint  unlfickft  an<^l  the  incus  fails  to  follow  cijmpletely  the  movement 
of  th<'  innlU'tifl.  thereby  prf»tocling  the  structures  in  the  internal  ear. 
Muscles  of  the  Middle  Ear. — Two  small  muscles  are  present  in 
the  middle  «far :  the  tensor  tympani  and  the  stapedius.  The  former 
arises  in  a  gnK>vc  just  above  the  Eustachian  tul:»e  and  its  long  tendon 
is  insertcH]  intf)  the  neck  of  the  malleus  just  l>elow  the  axis  of  rotation. 
Thn  mu»clc  iH  innervate*!  by  a  branch  of  the  fifth  nerve.  It  is 
obvious  that  when  tliis  muscle  contracts  it  must  pull  the  tympanic 
membrane  inward  and  put  it  under  greater  tension.  The  stapedius 
muMcle  ariscfl  from  the  inner  wall  of  the  tympanic  cavity  and  its 
tciidon  IH  i!i>MTtc<l  into  the  neck  of  the  stapes.  This  muscle  is 
inncrvut^d  (hrcnigh  a  branch  of  the  facial.  When  it  contracts  it 
tends  t^)  pull  the  stapes  laterally,  and  thus  probably  places  the  mejn- 
brane  attached  to  its  base  under  greater  tension.  The  functions 
fulfillcrl  by  these  muscles  have  been  the  subject  of  much  controversy. 
Ac<j()rdiiig  to  a  \icw  first  proposed  by  Johurmes  Mijller,  they  act  as 
a  protective  mechanism  to  the  membranes  of  the  middle  ear.  By 
increasing  the  tension  of  the  memliranes  they  limit  the  amplitude  of 
their  vibrations  and  thus  protect  the  membranes  from  injur>'  or 
possible  rupture  in  the  case  of  the  violent  movement.^  resulting  from 
loutl,  explosive  noises.  Or  possibly  by  their  reflex  contraction 
they  protect  us  from  intense,  disagreeable  noises,  by  limiting  the 
rRSjxinsiveness  of  the  vi!)rating  membranes.  A  more  probable  view, 
however,  and  one  supported  to  some  extent  by  experimental  eN-i- 
dence,  was  suggested  by  Mach.    According  to  this  obsen'er,  the 
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contractions  of  the  muscles  adjust  the  membranes  to  the  better 
reception  of  sound  vibrations  and  are  used,  thereforp,  in  attentive 
listening.  They  form,  in  fact,  a  mechanism  of  acconirnodation  simi- 
lar in  ita  genera)  functions  to  the  ciliar>'  muscle  of  the  eye.  Hensen* 
has  showii  that  both  nmscles  contract  reflexly  to  sounds,  and  that  the 
contractions  of  the  tensor  tymimni  are  stronger,  the  higher  the 
pitch  of  the  sountj.  Tliis  contraction  seems  to  take  place  at  the 
beginning  of  the  souml,  Init  is  not  maintained  for  a  lonj^  i>eriod. 
The  reaction  is  apparently  a  reflex  movement  the  sensory  i*ath  of 
which  lies  in  the  acoustic  nerve  and  the  reflex  center  in  the  medulla 
oblongata.  That  a  similar  reflex  adjustment  takes  j^lare  in  man  is 
indicated  by  the  following  exi>eriment  described  by  Hensen.  If 
while  listening  to  a  tuning-furk  (4t)0  Ut  ItKJO  v,  d.)  a  metronome  is  set 
going  at  a  rate  of  40  to  60  bciits  per  minute,  the  tone  of  the  tuning- 
fork  becomes  obviously  strengthened.  The  stimulus  of  the  noiae 
caused  by  the  metronome  may  be  supposed  to  excite  the  reflex  con- 
ti^ctions  of  the  muscles  of  the  ear  and  thus  increase  its  responsive- 
nCBB  to  the  Wbrations  of  the  tuning-fork.  According  to  this  view, 
therefore,  the  ear  muscles  are  kept  constantly  in  j>lay  by  sounds  or 
Budden  variations  in  the  intensity  of  sounds,  and  perhaps  the  ob\iou8 
effort  experienced  in  listening  intently  to  a  sound  is  also  due  to  a  con- 
traction of  these  muscles. 

The  Eustachian  Tube.— Through  the  Eustachian  tube  a  com- 
niuuication  is  established  between  the  tympanic  eavity  and  the 
phannx,  and  through  this  latter  with  the  exterior.  The  obvious 
advantage  of  this  arrangement  is  that  it  keeps  the  air  within  the 
tympanum  under  the  same  preiwure  iis  the  out-side  air. — that  is,  the 
p>re8Bure  on  the  two  sides  of  the  tympanic  membrane  is  kept  the 
same.  The  phan^ngeal  of)ening  of  the  tulieis  normnlly  closed,  but  it 
may  be  opened  by  raising  or  lowering  the  pressure  in  the  phar>'nx. 
lliis  happens,  for  instance,  in  the  act  of  swalli»wing,  ami  we  perform 
this  act,  therefore,  whenever  our  sensiitions  from  the  tympanic  mem- 
brane warn  us  of  an  ine<juaUty  in  pressure  upon  tlie  two  sides.  When, 
for  instance,  one  enters  a  caisson  in  which  the  external  pressure  is 
increased  over  the  normal  atmospheric  pressure  the  tympanic 
membrane  would  be  driven  inward  by  the  excess  of  external  pres- 
sure were  it  not  for  the  existence  of  the  Eustachian  tube.  Under 
these  conditions  swallowing  movements  will  oj^n  the  phanngeal  end 
of  the  tube  and  thus  bring  the  tympanic  cavity  under  a  barometric 
pressure  etjual  to  that  on  the  outside.  In  nasal  catarrh  the  tut>e 
may  be  occluded  so  a*?  to  prevent  this  etpialization.  and  under  such 
conditions,  as  is  well  known,  the  delicacy  of  hearing  is  much  im- 
paired, until  by  raising  the  pressure  in  the  phar>*nx  or  by  other 
means  the  tube  is  opened. 

•Usnaen,  "Archiv  f.  d.  geaammte  Physiologie,"  87.  355,  1901. 
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The  Projection  of  the  Auditory  Sensations. — Auditor\-  sen- 
sations are  projtct-eii  to  the  exterior  and,  indeed,  to  the  supposed 
origin  of  the  sound.  The  jirojeo.tion,  however,  is  nothing  like  so 
perfect  as  in  Hie  case  of  visual  stimuli.  IXir  judgments  of  the  dis- 
tance and  ilireetion  of  sounds  are  manifestly  less  exact  than  in  the 
case  of  objects  seen  by  the  eye.  As  an  example,  one  may  refer  to 
the  difficulty  of  locating  exactly  such  sounds  as  the  note  of  a  cricket. 
In  the  ear  the  sensitive  elements  in  the  cochlea  are  not  arranged  so 
that  sountls  coming  fn>m  iiiffcrent  directions  can  affect  diflfereut 
nerve  fibers.  All  sound  stimuli  come  to  this  part  of  the  ear  by  one 
path, — namely,  the  tympanic  membrane  and  its  accessor}*  struc- 
tures. In  jiitle;ing  the  direction  and  liistance  of  sounds  we  must 
rel,v,  therefore,  upon  the  relative  distinctness  of  the  sounds  in  the 
two  ears,  the  variations  in  distinctness  observed  by  varying  the 
position  of  the  heail,  the  accessory  information  obtained  from 
vision,  etc.  The  general  sensibility  of  the  tympanic  membrane 
also  plays  a  part.  Wlien  a  vibrating  body — a  tuning-fork,  for 
example — is  held  between  the  toctht  the  vibrations  are  transmitted 
to  the  internal  ear  in  part  at  least  through  the  bones  of  the  head, 
and  the  sound  in  this  case  is  referred,  or  projected  into  the  head 
itself  instead  of  U}  the  tuning-fork.  So  that  in  hearing  by  the  usual 
method  the  sensations  of  the  vibrating  tympanic  membrane  must 
fonn  part  of  the  data  by  means  of  which  we  project  the  sensation 
to  the  exterior. 

The  Sensory  Epithelium  of  the  Cochlea. — The  fil^ere  of  the 
cochlear  branch  a(  the  auditory  nerve  arise  in  the  nerve  cells  of  the 
spiral  ganglion  situate<l  in  the  centnil  pitlar,  the  mmliolus,  of  the 
cochlea.  This  ganglion  resembles  in  stnicture  the  posterior  root 
ganglion  of  the  spinal  nerves.  Kaeh  cell  is  bi]>olar.  sending  one 
filler  toward  the  l>niin  in  the  acoustic  nerve,  and  one  f\\yer  to  end  in 
terminal  arborizations  around  the  sensory  cells  or  hair  cells  of  the 
organ  of  Corti  in  the  cochlea.  We  have  every  reason  to  believe, 
therefore,  that  these  hair  cells  form  the  apparatus  which  is  affected 
by  sound  and  by  means  of  which  nerve  impulses  are  generated 
and  trarusmitted  t-o  the  acoustic  fillers.  The  general  arrangement 
and  the  relations  of  these  cells  are  indicated  in  Fig.  162.  They 
consist,  of  short  more  or  less  cylindrical  cells  {E,  6,  6'.  6*,  Fig.  162), 
whose  lower  portion  does  not  reach  to  the  basilar  membrane,  but 
is  supjMirted  by  the  intervening  Deiters  cells.  The  upi:)er  ends  of 
the  cells  pmject  through  the  oi^nings  in  the  reticulate  membrane 
and  end  in  a  numljer — according  to  Retzius,*  about  twenty — short, 
stiff  hail's.     The  hair  cells  arc  arranged  in   four  to  six  rows,  one 

♦The  most  complete  details  of  the  structure  of  the  ear  will  be  found  in 
the  great  work  of  Retzius,  "Uaa  Gehfirorgan  tier  Wirbelthierc,"  vol.  ii,  1884, 
Stockholm. 
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row  on  the  inner  side  of  the  inner  rods  of  Corti  and  three  to  five 
ro^*s,  according  to  the  part  of  the  cochlea  examined,  on  the  out-er 
side  of  the  rods  of  Corti.  Their  total  number  has  been  estimated 
differently  by  tlifferent  obser\'ers;  but,  accepting  the  lower  figures 
given,  it  may  be  said  that  there  are  at  Ipjist  li^)i)i)  inner  hair  cells 
and  13,(XXJ  outer  ones,  giving  a  total  of  16,5()()  or  more.  The  theory 
usnully  proposed  to  account  for  the  mechanism  by  which  the  vibra- 
tions of  the  perilymph  affect  these  cells,  an<l  esjjecially  the  expla- 
nation of  the  means  by  which  different  sounds  affect  different  cells, 
is  that  there  is  contained  in  the  cochlea  a  mechanism  which  acts 
by  sympathetic   resonance.     To  make  this  theor}'  clear  a  short 
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Fif.  102.— Diftcrammatlo  view  u(  th«  orfimn  of  Corti,  the  aeiue  cells,  and  the  mecmmoty 
■trtarturet  of  the  merabrftnou*  cochlea  (Te»tut)  :  A,  (imer  rod*  ol  Corti ;£.  outer  rocu 
of  C^irti  ;  C,  tunoel  of  Corti  ;  D  beailar  meaibrmne:  E,  angle  row  of  inner  amir  (aeoee) 
eelto;  6,  6',  6*.  rows  of  outer  hur  (Mnae)  cells;  7,  T,  ■upporting  oella  of  Deiter*.  The 
«Bw  of  the  inner  hair  eeik  are  aeen  ^rojectiDE  tbroue^  the  openinics  nf  the  reticulata 
memhitiir  The  terminal  arborisatioiui  of  the  cochlear  ner%'e  fiber*  end  around  the 
r  and  uuter  hair  oelU. 


description  must  be  given  of  the  nature  of  sound  waves  and  the 
phyaicftl  fa<'ts  in  regard  to  syini)athctie  resonance. 

The  Nature  and  Action  of  Sound  Waves. — Sound  waves  in 
air  consist  nf  Innptudinal  vibrations  of  the  air  molecules,  alternate 
phases  of  rarefaction  and  condensation.  For  convenience'  sake, 
tbeea  waves  are  usually  represented  graphically  after  the  manner  of 
wat^r  waves,  by  a  curN'ed  line  rising  alwve  and  falling  below  a 
median  zero  line,  the  ordinate^  above  the  zero  line  representing 
the  phase  of  condensation,  and  those  l>elnw  the  phase  of  rarefaction. 
These  waves  are  produced  by  the  vibrations  of  the  sounding  body, 
and  may  var>'  greatly  in  length,  in  amplitude,  and  in  form.     For 
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musical  sounds  within  the  range  of  hearing  the  length  of  the  waves 
may  varj'  from  forty  to  seventy  feet,  at  the  one  extreme,  to  a  frac- 
tion of  an  inch  at  the  other.  They  travel  thruvigh  the  air  with  an 
average  velocity  <tf  IHM)  fo  12*  tn  feet  persoeond.  the  exact  rate  vary- 
ing with  the  temperature.  When  these  wnves.  whatever  may  be 
their  form,  follow  each  other  with  reg;ularity — tliat  is,  with  a  definite 
period  or  rhythm — a  musical  sound  is  perceived  pro\ide<l  the 
rhythm  is  maintained  for  a  number  of  vibrations.  So  that  regular- 
ity or  i>eriodicity  of  the  sound  waves  may  be  considered  tis  the  un- 
derlying physical  cause  of  musical  sounds.  Non-musical  sounds  or 
noises,  which  constitute  the  vast  majority  of  our  auditor^'  sensa- 
tions, are  referred,  on  the  contrary,  to  non-periodical  vibrations. 
Waves  of  this  kind  may  lie  due  to  the  natun-  of  the  impulse  given 
to  the  air  by  the  sounding  body, — single  pulses,  for  instance,  or  a 
series  of  such  pulses  or  shocks  following  at  a  slow  or  irregular 
rhythm,  or  as  is  more  frequently  the  case,  they  may  result  from  a 
mixture  of  very  short  and  different  rhythmical  vibrations.  As 
the  case  of  musical  sounds  is  far  the  simpler,  the  theor>'  of  the 
action  of  the  cochlea  has  been  based  chiefly  upon  the  results 
obtained  fmm  a  study  of  these  forms  of  waves. 

Classification  and  Properties  of  Musical  Sounds. — Musical 
sounds  exhibit  three  fuiitlanienjal  i>n>perfeiKs,  each  of  which  may  l»e 
referred  to  a  difference  in  the  physical  stimulus.  They  var>',  in 
the  first  place,  in  pitch,  and  this  difference  finds  its  explanation  in 
the  rajjidity  of  vibration  of  the  soumling  bo<ly  and  the  soun<i  waves 
produced  by  it.  The  more  rapid  the  rate»  the  shorter  will  l>e  the 
waves  and  the  higher  will  be  the  pitch  of  the  musical  note.  Notes 
of  the  same  pitch  may.  however,  vary  in  loudness  or  intensity,  and 
this  difference  is  referable  to  the  amplitude  of  the  vibrations.  A 
given  tuning  fork  emits  always  a  note  of  the  same  pitch,  bnt  the 
loudness  of  the  note  may  var>'  according  to  the  amplitude  of  the 
vihratidns.  The  vibrations  of  the  tympanic  membrane  and  of 
the  perilymph  in  the  internal  ear  vary  in  rate  and  intensity  with 
the  sountling  body;  so  that  we  may  say  that  the  stimulation  of 
the  hair  cells  in  the  cochlea  gives  us  auditor}'  sensations  that  vary 
in  pitch  with  the  rate  of  excitation  and  in  intensity  with  the  ampli- 
tude of  the  vibratory  movement.  A  third  property  of  musical 
sounds  is  their  variations  in  quality  or  timbre.  The  same  note  of 
the  same  amplitude  when  given  by  (iifferent  musical  instruments 
varies  in  quality,  so  that  we  have  no  diHicidty  in  recognizing  the 
note  of  a  piano  from  the  same  note  when  given  by  a  violin  or  the 
human  voice.  The  underlying  physical  cause  of  variations  in  timbre 
is  found  in  the  form  of  tlie  sound  waves  produced,  and  immediately, 
therefore,  in  the  fonn  of  \ibrator\'  movement  communicat^l  to 
the  perilymph.     Examination  of  the  forms  of  sound  waves  produced 
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f  by  diflferent  musical  instruments  shows  that  they  may  be  divided 
into  two  great  groups:  (1)  The  simple  or  penchilar  form;  (2)  the 
com]x)Uiid  or  non-pendular  form.  The  simple  or  pendular  form 
of  wave  is  given,  for  instance,  by  tuning  forks.  A  graphic  repre- 
aent^tion  of  this  wave  form  may  l)e  obtaine<l  hy  attaching  a  hrietle 
to  tiie  end  of  the  fork  ami  allowing  it  U)  write  upon  a  piece  of  black- 
ened paper  moving  with  uniform  velocity, — the  blackened  surface, 
for  iu8t4ince,  of  a  kymographion.  The  form  of  the  wave  obtained 
isreprefienteriin  Fig.  16^3.  The  vibrating  body  swings  symmetrically 
to  each  side  of  the  line  of  rest,  and,  inasmuch  as  tliis  is  also  the  form 
of  movement  that  would  be  traced  In*  a  swinging  penduhun,  this 
form  of  wave  is  designated  frequently  as  jjendular.  It  is  sometimes 
callefi  also  the  sinusoidal  wave,  sinrc  the  distance  of  the  vibrating 
point  to  each  side  of  the  Hue  of  rest  is  equal  to  the  sine  of  an  arc 
increasing  proportionally  for  the  time  of  the  phiisc.  A  corn-pound 
(or  non-pendular  or  non-sinusoidal)  uvirc  may  have  a  very  great 
variety  of  forms.  The  diflferent  phases  follow  |ieriodicaIly,  but  the 
movement  of  the  vibrating  body  to  each  side  of  the  line  of  rest  is  not 

^^^^^^^F  Fie.  I33- — I^orm  of  wbts  mad*  by  tuniog  fork, 

perfectly  symmetrical.  Fourier  has  shown  that  any  periodical  vibra- 
tory movement,  whatever  may  be  its  fonu,  may  l>e  considered  as 
l^eing  comf)Osetl  of  a  serias  of  simple  or  j)endular  movements  whose 

■  periods  of  vibrations  are  1,  2,  3,  4,  etc.,  times  as  great  as  the  vibni- 
tion  period  of  the  given  movement.  That  is,  ever>'  so-calletl  com- 
pound wave  form  may  be  consideretl  as  l3eing  caused  by  the  fusion 
of  a  number  of  simple  waves.  Representing  the  wave  movement 
of  the  air  graphically  as  water  wa^es.  tlxis  composition  of  simple 

I     waves  into  compound  ones  is  illustrateil  In'  the  cur\'e8  given  in  Fig. 
164.     In  this  figure /I  and  B  represent  two  simple  vibrations  such 
as  would  be  given  by  two  tuning-forks,  the  vibrations  in  B  being 
double  those  of  .4.     If  these  two  waves  are  comnumicated  to  the  air 
at  tlie  same  time  the  actual  movement  of  the  molecules  will  be  a 
^m      resultant  of  the  forces  acting  tipon  them  at  any  given  instant,  and 
H     the  actual  movement  will  be  indicated,  therefore,  by  the  algebraical 
H    8um  of  the  ordinates  alK)ve  and  below  the  lines  of  rest.     If  the 
^r    movements  are  so  timed  that  e  in  curve  B  is  synchronous  with  d^  in 
curve  -4 ,  then  the  resulting  comijoimd  wave  form  is  illustrated  by  C. 
If,  however,  curve  B  is  supposed  to  l>e  in  a  different  phase,  so  that  e 
is  synchronous  with  (/',  then  a  form  of  wave  illustrated  by  D  will  be 
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obtained.  In  this  way  a  great  variety  of  forms  of  compound  wavea 
may  be  supj)osed  to  be  produced  by  the  union  of  a  series  of  simple 
waves  of  dlflferent  periods  of  vibration.  That  compound  waves  dif- 
fer from  simple  ones  in  being  eomixised  of  several  series  of  vibrations 
is  indicated  directly  by  our  sensations.  When  we  listen  to  the  note 
of  a  tuning-fork  we  hear  only  a  single  tone;  when  two  or  more 
tuning-forks  are  sounded  together  the  trained  ear  can  detect  the  tone 
due  to  each  fork,  and  similarly  when  a  single  note  is  sounded  by 
the  human  voire,  a  violin,  or  any  other  instrument  that  has  a  char- 
acteristic quality  the  trained  ear  can  detect  a  series  of  higher  tones, 


Fix.  164. — Schema  by  lielroholti  to  tUuAtrate  the  formation  of  a  oooipound  wavt 
from  two  peadular  wavo*:  A  anii  H,  pendular  vibratioos,  B  beiog  the  octaw  of  A.  If 
■uperpoeeu  bo  that  «  roincide^t  with  d^  and  the  nnjinatca  are  added  algebraically,  the  nno- 
peodulmr  curve  C  It  uruduced.  If  HuperpiH>ed  su  that  e  coincides  with  if  the  Don-pendular 
curve  D  ia  prtMluoeu. 


the  upper  partial  tones  or  harmonics  nr  overtones,  which  indicate 
that  the  note  is  really  compound,  and  not  simple.  The  formation 
of  these  overtones  is  due  to  the  fact  that  the  sounding  body  vibrates 
not  only  as  a  whole,  but  also  in  its  aliquot  parts,  as  may  be  repre- 
sented in  Fig.  165,  illustrating  the  vibrations  of  a  string.  When 
the  string  i.s  plucked  it  vibrates  as  a  whole  (a),  giving  large  waves 
which  pmdiicc  what  is  called  the  fundamental  tone,  but  at  the  same 
time  each  half  (6).  third  (c),  fourth  (d),  etc.,  may  vibrate,  giving 
each  its  own  simple  tone.  The  combination  of  all  of  these  simple 
waves  forms  a  compound  wave  whose  form  or  at  least  whose 
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composition  determines  the  quality  of  the  tone  heard.  As 
many  as  ten  or  sixteen  of  these  overtones  ma}'  be  detected  from  the 
vibrating  strings  of  a  vioUn  or  guitar.  When  the  period  of  vibra- 
tion of  these  overtones  l)ears  a  sinxple  ratio  to  that  c»f  the  funda- 
mental, a  ratio  tliat  can  lie  expresserl  by  the  simple  numbers,  1,  2, 
3,  4,  5,  they  hanuonize  with  it  and  form  the  harmonic  overtones. 
It  should  be  borne  in  mind  that,  so  far  as  the  tympanic  membrane 
is  concerned,  it  does  not  respond  separately  to  the  single  tones 
which  constitute  tlie  comi)ound  wave,  but  swings  in  uiiistjn  with 
the  movement  of  the  compound  wave.    Nevertheless  the  internal 


F^  lAA  — To  iUiutnita  the  mechanunn  of  the  forniation  of  ovenooe*. — (H^mkoUt.y 
la  «  llie  fttrtnc  vibnlea  a^  a  whule,  javins  tt<^  fun<lanicnfAl  tune;  in  h.  c,  and  d,  ita  h&lv«L 
ihif«l«|ftriU  fourthAare  vibratinx  indepecifteiitly.  When  u  string !;*:>( ruck,  pluck.eil,  or  bowM 
Umm  moTMneDtn  may  bapp«o  «iinultan«ouf<ty  and  the  fundameotol  nolo  due  to  the  vibn- 
tioB*  of  the  whole  irtitnc  te  eonibined  with  tbe  notea  due  to  the  vibralioiu  of  aliquot  parta. 
Ike  owlooea.  Tbe  oombiDstUin  Kivn  a  compound  wave  whoee  fonn  and  mueinal  quHlily 
viih  tbe  Dumber  and  reUttvc  atrenxth  of  the  overtonee. 


,  according  tf)  the  law  of  Ohm,  is  capable  of  analyzing  the  com- 
m<i  wave  form  into  the  series  of  simple  or  |>endular  wave  forms 
of  which  it  is  com[K>8erl  and  of  distinguishing  the  scries  of  corre- 
sponding tones.  While  this  analysis  cannot  be  made  consciously 
except  by  the  trained  musician,  it  is  made  unconsciously,  as  it 
were,  by  ever\-  normal  ear.  and  in  consecjuence  of  thb^  analysis  we 
recognize  the  variations  in  quality  of  different  comjKumd  tones. 
The  principle  upon  which  the  cochlea  acts  in  thus  separating  the 
compound  tones  into  their  elements  is  not  explained  with  entire 
satisfaction.     According  to  the  view  so  admirably  presented  by 
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Hetmhc4tz,*  the  Moaiytm  Jcpcnd»  upon  the 
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Tifantkn  is  raesnt  the  fart  that  an  ekatir  bodr  k  eulr  art  icto 
▼JbffBtion  bj  moTgniciita  of  the  wunjunJiiig  mwiiini  when 
moywnmtit  conefjaJ  with  its  omu  pfriod  of  THwUion.    Aj 


wiB  beBttfe 
Qnka»  thev  have  the 


triwee  period  ci  yfbimtiom  is  128  per 
bf  ▼ibntiaos  ai  the 
penodidCT.  If,  however^  a  note  of  this  period  is  sounded  by  the 
voice,  for  instance,  the  string  wiD  be  set  into  vibnttioB  with  rela- 
tive esse.  By  means  of  this  pdndple  the  untrained  ear  can  reacfiljr 
pick  out  the  more  prominent  of  the  upper  batmocucs  oi  any  giTen 
note  of  a  rniisiml  iotftrument.  It  is  only  neeeasary  to  select  a  seiiee  of 
resonalors  corresponding  to  the  series  of  o^-ertooes.  Each  reso- 
nator IS  set  into  vibration  by  its  correspondtng  orertooe  and  so 
emphasizes  this  particular  tone  that  it  may  be  eanty  remgniawL 
If  one  stands  in  front  of  a  piano  with  the  strings  expoeed  and 
sings  a  given  note  it  may  he  shown  that  a  series  of  the  ;»ano  strings 
is  set  into  vibration  corresponding,  in  the  first  place,  to  the  rate 
of  vibration  of  the  fundamental  tone,  and  secondly  to  the  more 
prominent  of  the  harmonic  overtones.  In  this  case  the  com- 
pound wave  strikes  upon  the  collection  of  strings  of  the  piano, 
and  is  analyzcfl  into  ita  component  simple  tones  by  the  s>-mpa- 
thetic  vibrations  of  the  corresponding  strings.  Uelmholtz  assumes 
that  the  cochlea  analyzes  compound  musical  waves  by  an  essentially 
similar  method. 

The  Functions  of  the  Cochlea* — The  %ibratorv'  movement, 
whatever  may  be  its  form,  in  the  air  of  the  extenial  meatus  im- 
parts to  the  tympanic  membrane  a  similar  form  of  movement,  and 
this,  in  turn,  thrrjugh  the  ear  bones  and  the  membrane  of  the  fenes- 
tra ovaliH  sjeLs  the  perilymph  into  \ibrations  of  the  same  form.  That 
the  perilymph  can  swing  or  vibrate  umler  the  influence  of  the  mov^ 
ment^  of  the  stapes  is  explained  by  the  exL^teace  of  the  second 
opening;,  the  fenestra  n^tunda,  l>etween  the  niiddJe  and  the  inter- 
nal ear  (see  Fig.  157).  As  the  membrane  of  the  fenestra  ovalLs  is 
pushed  in,  that  of  the  fenestra  rotunda  is  pushed  out,  and  rice 
verm.  These  vibrators'  movements  of  the  perilymph  affect  the 
membranous  cochlea,  which  may  be  regarded  as  lieing  suspended 
in  the  f)erilymph,  and  according  to  the  resonance  theor>'  certain 
structures  within  the  membranous  cochlea  are  set  into  sj^mpa- 
thetic  vibrations  corresponding  to  the  simple  waves  of  which  the 
comfH^niid  wave  is  constituted.  Hclmhoitz  first  suggested  that 
the  jjeculiar  rods  of  Cnrti  form  the  resonating  apparatus  and 
by  sympathetic  vibrations  are  caimble  of  analyzing  the  compound 

♦  Helnilioltz,  he.  cU. 
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movement.  Later,  however,  this  suggestion  was  abandoned, 
since  the  uurnl>er  of  the  rods  is  not  sulJiciently  great  perhajjs  to 
answer  the  reciuirements  of  this  theon-.  Acconiing  to  Retzius, 
the  inner  rods  number  5600  and  the  outer  ones  3S50.  Moreover. 
these  structures  are  abs<Tit  from  the  binTs  cochlea,  and  we  must 
Assiinie  that  these  aniinals  are  rapable  of  appreciating  musical 
sounds.  Helmholtz  then  adopted  a  suggestion  of  Hensen's.  that 
the  iN&silar  niem[>rane  constitutes  the  resfjnating  apparatus.  This 
membrane  forms  the  flt.K>r  of  the  inerubranouH  cochlea,  stretching 
from  the  limbus  to  the  op|x>site  side  of  tlie  bony  corhlen  {Fig. 
162).  Its  middle  layer  consists  of  fil>ers.  rvmning  nidially,  wliich, 
though  united  to  one  another,  are  sufficiently  independent  to  be 
regarded  as  separate  strings.  These  fibers  in  the  ixirtion  covered 
by  the  n>ds  of  Corti,  the  inner  zone  or  zona  tecta,  are  finer  and 
more  »iithcult  to  separate  than  in  the  ])ortion  exterior  to  the  outer 
rods,  the  outer  zone  or  zona  pectinata.  1-rom  the  base  to  the  apex 
of  the  cochleA  the  membrane  increiises  in  width,  the  length  of  the 
strings  in  the  outer  zone  varying. according  to  Ketzius,  fwm  135/^ in 
ihe  basal  jxjrtion  t^i  220  /^  in  the  middle  spiral  and  to  234  ti  at  the 
apex.  The  whole  stnicture  is  estimated  to  contain  about  24,000 
strings  varying  gradually  in  length,  as  stated,  antl  resembling  in 
genend  arrangement  the  strings  of  the  piano.  Assuming  that  each 
of  these  fibers  has  its  own  jjeriod  of  vibration,  we  may  imagine  that 
the  entire  collection  forms  an  apparatus  for  sympathetic  vibration 
which  is  capable  of  analyzing  each  compound  wave  motion  into 
its  constituent  simple  waves,  each  string  being  set  into  strong- 
est xibrations  by  the  wave  of  the  corresponding  {period.  More- 
over, it  is  implied  or  aas!mie<^i  in  this  theor>'  that  the  vibrations  of 
each  string  are  communicated  to  a  corresponding  nen'e  fiber  of 
the  cochlear  nerve,  through  which  the  stimulus  is  conveyed  to 
the  brain  as  a  ner\'e  impulse.  We  should  be  capable  of  j>erceiv- 
ing.  theoretically,  iis  many  distinct  musical  tones  as  there  are 
fibers  in  the  l)asilar  membrane,  while  a  compound  wave,  by  setting 
a  number  of  these  mechanisms  into  action,  gives  a  series 
of  sensations  which  are  more  or  less  fused  in  consciousness.  The 
peculiar  quality  or  timbre  of  the  tone  of  each  instrument  is  refer- 
able, therefore,  immediately  to  the  number  and  relative  intensities 
of  the  simple  tone  sensations  that  it  arouses.  The  fusion  of  these 
elementary  tone  sensations  into  compound  ones  of  different  qual- 
ities is  comparable,  in  a  general  way.  to  the  fusion  of  simj)le  color 
sensations,  with  this  exception,  however,  that  in  the  comjwund 
tone  sensations  we  are  capable  of  ilistinguislung  more  clearly  the 
fact  that  they  are  composed  of  simpler  elements  ;  the  constituent 
tones  may  be  recognized  ]»>'  the  tniined  ear  at  least.  The  mechan- 
ism by  which  the  vibrations  of  the  strings  of  the  basilar  mem- 
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braae  are  conveyed  to  the  hair  cells  and  through  them  to  the  nerve 
fibers  is  a  matter  of  speculation  only,  as  are  also  the  functions  of  the 
remaining  parts  of  the  organ  of  Corti.  It  may  \ye  suggested, 
perhajis,  that  the  ro<l9  of  CortI  and'  Deitere's  cells,  together  with 
the  reticulate  membrane,  with  which  they  are  lioth  connected, 
form  not  only  a  supporting  ajiimratus  for  the  hair  cells,  but  also 
a  mechanism  by  which  the  vibrations  of  the  strings  are  conmiu- 
nicated  to  the  liaii-sof  the  hair  cells;  but  the  suggestion  is  unsatis- 
factorv',  as  the  anatomical  arrangement  does  not  sulbce  to  explain 
how  the  ^^brations  of  individual  strings  are  transmitted  to  the 
separate  hair  cells.  The  assumption  has  also  been  made  that 
the  tectorial  membrane  acts  as  a  damper  to  the  vibrating  hair  cells 
or  the  reticulate  tiienibrane.  It^  jx)sition  as  a  jmd  lying  over  the 
rods  of  Corti  and  the  reticulate  membrane  justifies  perhaps  such  an 
assumption.  Many  physiologists,  wliile  accepting  the  general 
principle  that  the  cochlea  analyzes  the  sound  waves  by  a  mechan- 
ism for  sympathetic  vibrations,  have  l^een  unwilling  to  admit 
that  the  bitHjlar  memlirane  constitutes  such  a  mechanism.  They 
point  to  the  improbability  or  imjx>ssibility  of  fibers  of  only  0.36 
mm.  {or  0.5  mm,  at  the  best)  in  length  acting  as  efficient  reso- 
nators, especially  as  they  are  not  entirely  free  anil  are  surrounded 
by  ]i(niid.  Attempts  have  been  rnadR,  lhereforf\  to  select  other 
stmcturcs  in  the  cochlea  as  more  likely  to  be  affected  by  s\Tnpa- 
thetic  vibrations.  Attention  has  l>een  directed  mainly  to  the 
tectorial  membrane  or  membrane  of  Corti.  Thus,  Avers*  l"»elieves 
that  thi.s  structure  jis  seen  in  tlio  usual  microscopical  prepara- 
tions, is  simply  an  artefact.  Lender  normal  conditions  he  l^eUeves 
that  it  is  a  band  of  very  long  and  ilclicate  Imirs  projecting  from  the 
hair  cells  and  lying  free  in  the  endolymph.  According  to  his 
Anew,  it  is  these  hairs  that  take  up  the  \dbrations  and  fra.nsmit  tlieir 
impulses  directh"  to  the  hair  cells.  The  histological  statement  ui>on 
which  this  view  is  based  has  not,  however,  been  verified.  More 
recently  v.  Ebner.t  reviving  an  older  vievc  of  Hasse,  has  suggested 
that  the  tectorial  membrane,  especially  its  free  end,  serves  as  the 
mechanism  for  sympathetic  vibration.  This  membrane  iucreases 
in  wi(ith  from  the  base  to  the  aj)e.\  of  the  cochlea  and  varies  in 
thickness  in  its  nidial  diameter,  so  that  it  might  be  conceived  ta 
,respontl  to  different  periotls  of  \ibrations  in  its  different  parts, 
its  movements  being  communicated  directly  to  the  hair  cells  uj>on 
which  it  rents.  Cnftirtunately  we  have  no  direct  experimental 
evidence  in  favor  of  any  of  these  views.  Several  observers,  how- 
ever, have  demonstrated  apparently  that,  whatever  may  be  th& 


*  Aver«,  "Journiil  of  Mnmholop>\"  6.  1,  1892, 
t  KoUiker,  **  Huadbuch  d.  Gewebeletire,"  six 
p.  958,  1902 


sixth  edition,  vol.  iii,  pt.  u^ 
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mechanism  for  sjTnpathetic  vibration,  it  is  so  arrangeci  that  at  the 

base  of  the  cochlea  the  higher  notes  are  receivetl  anil  at  the  ai>ex 

_    the  notes  of  the  lowest  pitch.     Thus,  Munk,  in  experiments  iiixm 

I   dogs^  in  wliich  by  an  operation  through  the  fenestra  rotunda  he  hail 

■  rtfitnn  nl  the  basal  portion  of  the  cochlea,  found  that  the  animals, 

F^sfter  a  tenijx>rar>'  deafness  of  some  days,  could  hear  ajiparently 

only  low  tones  and  noises.     Baginsky.*  in  a  later  series  of  exjieri- 

meuts,  opened  the  bulla  ossea  on  each  side,  destroyed  the  cochlea 

on  one  side  entirely  so  as  t*)  reiuier  that  ear  tleaf,  while  oi\  the  other 

he  injured  it   in  certain  areas  only.     He  found 

that  when   the  apes,  of  the  c<K'hlea   was  des- 

troye<l  the  animal  appeared  to  perceive  onI\ 

the  high  tones,  e",  c",  c""'. 

The  fundaniontal  principle  of  the  th€»or\'  of  the 
function  of  the  cochlea  iw  developed  by  Ifehnhrjltx 
has  been  subjected  to  some  criticism.  The  iheon'  of  a 
aericff  of  reaonatnpH  each  resp«inding  t<>  »  deiinit^  note 
docs  not  explain  with  entire  ftatisfaction  some  of  the 
known  mooustic  phenomena.  Thtut,  it  is  known  that 
vhen  two  notes  an*  soiindw)  together  coniKinational 
tones  maybe  heard,  either  a  lowditTorenc<>  tone  whose 
pitch  is  equal  to  that  of  tlie  difference  between  the 
ratMi  of  the  two  notes,  or  a  summation  lone  whose 
pitch  is  equal  to  the  sum  of  the  vibrations  of  the  two 
iiot««L  It  in  difficult  to  conceive  that  these  oombiiia- 
tionul  toncH  have  an  obieclive  existence,  as  vibration^, 
and  the  nieiim<  by  winch  they  arc  pcrecivcHl  bv  the 
cochlea  Is  not  explained  sati.sfactoruy  by  the  tbwiry 
of  monaton.  Other  theoriee  of  the  function  of  the 
eochlea  have  boon  prupiHHMl  to  avoid  ^uch  ditHculttef^. 
11iu.>,  Kwald  t  su^i-»ts  a  view  according  tu  wliich  (he 
b&silar  nientbrane  vibrates  tlirou(;hout  its  len^h  for 
e«rh  note,  fie  han  shown  that  a  riibl>er  membrane  of 
the  diiri(*n8ions  of  the  basilar  membrane  will  be  »ei 
Into  such  vil)rationH  thnmghout  its  length  and  when 
e\aniine<)  under  the  microwow  pr<^s<ait*  such  a  pic- 
lure  w*  is  reprei*ented  in  Fig.  1(56,  in  which  the  crests 
of  Ihc  wav«e*  are  at  a  fixed  intenal  for  ciich  lone.  If 
ni  these  inter\'aU  the  corresponding  hair  colls  and 
nrr^'f  tilx^r^  are  .suoj>o&ed  to  1h»  :<tinu]luted.  then  our 
eon»rf*i'>ii-ii.-ji^  would  recognixe  each  note  bv  iu  appn>- 
pri.i  -d.     For  the  application  of   this  theory  to  mtjsical  harmony — 

coin  ■ 'I  tones  and  beats — reference  must  !x'  miide  to  the  original. 

Sensations  of  Harmony  and  Discord. — The  combination  of 
notes  to  pnxluce  various  harmonics  or  intentional  discords  is  a  jmrt 
of  thf  theon,'  of  music,  but  att«*ntion  may  be  called  briefly  to  the 
phy&iolofrical  explanation  offered  by  Helmholtz  to  account  for  the 
fart  that  certain  notes  when  combinefl  give  us  a  disuKn?eal»le  sen- 
sation, appear  rough,  and  unpleasant ;  while  otiiers,  on  the  contmry, 
produce  ploas&nt  sensationd.     Discord  or  dissonance  is  due,  accord- 

•  Hairinskv.  "Virchow's  Archiv  \.  pathol.  Anal.,"  V»4.  i\o.  \SS^. 
t  Fwokl.  "Archiv  f.  d.  gt^sanunte  Physiologic."  7t>.  147.  1S99. 


lui^trftte  the  idea  of 
u  h\eii  »ound  wave. — 
{Kvaltl.)  The  illu*- 
tratioii  bhowH  a  fun- 
damental  uute  and  iu 
tintt  overtone. 
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ing  to  Helinholtz,  to  the  ijeats  protklfed  when  two  dissonant  notw! 
are  sounded  together.  On  the  physical  side  the  beat, — tlmt  is,  ft 
rhythmical  variation  in  tiie  intensity  of  the  sounds — is  due  to  the 
phenomenon  of  interference.  If  the  rates  of  vibration  of  two  notes 
are  such  that  at  certain  intervals  the  crests  of  the  waves  fall  to- 
gether and  again  the  crest  of  one  coincides  with  the  hollow  of  the 
other,  the  sound  sensations  will  be  periodically  increased  and 
decreased.  While  there  is  no  fundamental  explanation  for  the 
fact  that  a  regidarly  var\'ing  intensity'  of  sound  is  disagreeable^  it 
is  a  well-known  phenomenon  and  it  finds  analogies  in  the  other 
sensations. — for  instance,  in  the  ver>^  disag!*eeable  effect  of  a  flick- 
ering light.  When  two  notes  are  sounded  together  the  number  of 
Ijeats  varies  with  the  tlifference  between  the  rates  of  vibration; 
thus,  two  notes,  one  of  128  vibrations  and  the  other  of  136  vibra- 
tions, give  8  lieats  per  second.  When  the  number  of  beats 
rises  to  33  per  second  the  fliscord  is  most  disagreeable;  if.  however, 
the  rate  of  interference  is  more  rapid,  tlie  unpleasant  sensation 
Ijecouies  less  jjerceptible,  and  l>eyond  132  per  second  is  not  notice- 
able. When  the  nites  of  vibrations  of  two  tones  are  such  that 
neither  the  fundamentals  nor  any  of  the  overtones  give  beats,  the 
effect  is  that  of  luu"mony,  the  vibrations  of  one  note  strengthening 
that  of  the  other.  The  most  perfect  harmony  is  that  of  a  note 
sounded  simultaneously  with  another  of  the  same  rate,  ratio  1: 1, 
or  with  its  octave,  ratio  1;  2.  The  various  intervals  which  in 
music  have  l)ecn  found  to  be  perfectly  consonant  or  which  vary  so 
little  from  it  as  to  be  usable  in  harmonies  are  those  whose  vibra- 
tions l>oar  a  simple  ratio  to  each  other.  Tims,  the  octave  of  any 
note  has  the  ratio  of  1:2,  the  double  octave  1:4,  the  twelfth  1 : 3. 
These  three  intervals  give  absohitely  consonant  sounds.  Other 
intervals — such  as  the  fifth,  2:3,  or  the  major  third.  4:  5 — give 
a  less  perfect  consonance.  Three  or  more  notes  l>earing  such  rela- 
tions to  each  other  constitute  a  chords  the  vibrations  in  the 
major  chord  Ijeing,  for  instance,  in  the  ratios  4:5:6, — c'  (128), 
e'(IG(»),  r'{I92). 

The  Limits  of  Hearing.— The  rates  of  vibration  that  can  be 
perceived  by  the  ear  as  musical  tones  lie  between  fairly  well- 
defined  limits,  although  in  this  organ,  as  in  the  case  of  the  eye, 
there  are  individual  variations, — variations,  indeed,  which  are 
more  marked  in  the  ease  of  the  ear,  since  its  range  of  appreciation 
is  larger.  The  Uiwest  rate  of  \*ibration  that  can  cause  a  musical 
sensation  is  usually  placed  at  28  to  3()  per  second,  although  some 
ears  can  still  re5pon<l  to  an  octave  lower,  about  16  per  second.  To 
most  eara  vibrations  l>elo\v  30  [jer  second  are  felt,  if  perceived  at  all, 
as  single  pulses  that  stinnilato  the  sensory  nerves  of  the  tympanic 
mend)rane  itself.    The  cochlea  does  not  respond.     It  may  happen, 
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however,  that  a  vibration  too  slow  to  be  perceived  by  the  ear  will 

tgivc  overtones  of  sufficient  strength  to  be  rcco^nixed.  An  inter- 
esting example  in  physiology  of  this  fact  is  fnmiahcd  by  the  tone 
of  the  contracting  muscle.  As  heard,  this  tone  corres[)onds  to  a 
vibration  of  40  per  second;  hut  other  datji  lead  us  to  believe  that 
the  vibrations  of  the  cnntracling  muscle,  ilue  to  the  single  con- 
tractions of  which  the  couijKMnul  contraction  is  <'ompo8ed,  occur 
•  at  the  rate  of  only  10  per  seccmil ;  so  that  what  i.s  heard  is.  in  reality » 
the  second  octiive  of  the  fundanieutah  The  high  limit  of  audibility, 
cm  the  other  hand,  is  usually  pluce<l  at  40,0(X)  double  vibrations 
per  second,  although  the  various  estimates  jiublished  var}^  so 
H  widely  that  in  this  respect  there  must  be^reat  individual  diflferences. 
^  The  slirill  notes  of  insects  are  saiil  to  be  inaudible  to  some  ears. 
Konig.  making  use  of  Kundt's  method  of  hgbt  powders,  succectlc<l 
in  tuning  a  series  of  forks  U)  an  ct^timated  rate  of  9(J,(XX)  double 
vibrations  per  se<!ond.  It  was  found  that  those  between  c^and  c^ 
(8192  to  32,768)  were  generally  audible,  while  the  c,^^  (65,536)  was 
inaudible.  The  limit,  therefore,  lay  Ijetween  c^  and  c,„.  Notes 
near  this  high  limit  are  not,  however,  usable  in  ordinary  music; 
the  sens4itions  produced  have  a  flisiigreeabie,  if  not  actually  painful 
shrillness.  The  range  of  vibrations  employed  in  music  is  illustrated 
by  the  seven  octaves  of  the  piano,  the  notes  varying  from  the  lowest 
c  of  32  vibrations  to  c^of  40%  vibrations.  The  intervening  series 
is  i.ii\ide<l  into  tones  whose  serial  relations  to  each  other  are  ex- 
pressed by  the  ratios  g  or  ^^  and  semit^inea  of  the  ratio  \^  or  J-J; 
thus,  c*=  256  vibrations  and  the  d*  of  the  same  octave  corresponds 
to  256  X  J  =  288  vibrations.* 

'^See  Helmholtz.  Popuiar  Scii'iitifir  Ivcrtures,  "Uebcrdie  physiologischen 
Uraftchcn  ties  muttLkaiiscbea  Uarmonie,"  Bonn,  1857. 
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THE  FUNCTIONS  OF  THE  SEHICIRCULAR  CANALS  AND 
THE  VESTIBULE, 

Position  and  Structure. — The  membranous  semicircular  canals 
lie  within  the  bony  semicircular  canals,  the  space  between  l^eiiig 
filled  with  perilymph  which  communicates  freely  with  that  in  the 
rest  of  the  labyrinth.  Within  the  riipnibninous  canals  is  the  endn- 
lymph,  which  comniunieates  thrr>iii;li  the  live  oi>enings  with  the 
endolytiiph  in  the  utriculus.  The  canals  lie  in  three  planes  tliat  are, 
apprfixinutely  at  least,  at  right  angles  to  each  other  (Fig.  167;. 
The  honzontal  canals  lie  in  a  horizontal  plane  at  right  angles  to  the 
mesial  or  sagittal  plane  of  the  IkxIv,  the  vertical  canals  on  each 
aide  make  an  angle  of  about  45  degrees  with  this  mesial  plane. 
The  plane  of  each  of  the  anterior  canals  is  parallel  to  that  of  the 

posterif^r  or  inferior  vertical  canal  of 
the  ^pJM)sit^:'  side,  as  represented  in 
tlie  hgiire.  At  one  end  of  each  canal 
near  its  junction  with  the  utriculug 
is  the  swelling  known  as  the  ampulla 
and  witliJn  the  amjjidla  lies  the 
crista  acttstica  containing  the  hair 
cells  with  which  the  ncn'e  fil>er8 
eommanicate,  and  which,  therefore. 
are  considered  as  the  sense  eells  of 
the  organ.  The  hair  cells  are  cylin- 
driial  and  each  gi\*ps  off  a  long  hair, 
consisting  j>erhaijs  of  a  bundle  of 
finer  liairs,  which  projects  into  the 
interior  of  the  canal  for  a  distance  of  at  least  2S /i.  The  nerve 
fibers  distributed  to  these  hair  cells  are  given  off  by  the  vestibular 
branch  of  the  eighth  ner\*e,  or  more  proi>erly  tlie  vestibular  ner\e, 
one  branch  of  which  (ramus  utriculo-ampullaris)  supplies  the 
utriculus  and  the  ampulla  of  the  superior  and  liorizont^il  canals, 
while  the  other  (ramus  saccul(j-ampullans)  fiiniishes  fibers  to  the 
sacculus  and  the  posterior  ampulla. 

Flourens*s  Experiments  upon  the  Semicircular  Canals. — 
Modem  exi>erimcnts  and  theories  concerning  the  functions  of  the 
semicircular  canals  date  from  the  classical  researches  of  Flotirens* 

*  Flourens,  '*Recherches  ex[><''n  men  talcs  Rur  les  propri^t^  ct  les  fonc- 
Uons  du  syst^me  aervcux,"  secorid  edition,  1842. 
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Fig.  167. — DU|ErammB(ic  hori- 
Eontol  section  IhnjUffh  the  head  to  il- 
lustrate the  plane^  (H:>ru|iie<l  by  the 
semirirculur  cannU  (after  \Vat!er) :  S. 
Superior  canal;  P,  iioaterior  canal; 
U,  horuontal  canal. 
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(1824).  This  investigator  laid  bare  the  canals  in  birds  and  niani- 
nials  ami  studied  the  effects  of  sections  of  one  or  more  of  them. 
The  ex|>erinients  have  since  been  repeated  by  numerous  obsen'ers, 
and  the  results  obtained  have  been  described  in  great  detail,  for  an 
account  of  which  reference  must  be  made  to  original  sources.*  In 
je;eneral.  it  may  be  siiid  that  injuries  to  the  canals  nrv  followed  by 
certain  more  or  less  definite  movements  of  the  head,  eyes,  ami  l>ody, 
antl  by  a  disturbance  in  the  power  of  the  animal  to  eo-ortlinate  nor- 
mally the  muscles  used  in  standing,  locomotion,  or  Aying.  The 
character  and  extent  of  these  results  var\'  with  the  numl>er  of 
canal8  injured,  and,  indeetl,  show  a  more  or  less  definite  relationship 
to  the  several  canals.  When  the  horizontal  canal  is  cut  on  one  sirle 
in  pigeons  the  animal  makes  movements  of  the  hcail  in  the  plane  of 
that  canal,  and  if  the  similar  canal  on  the  other  sitle  is  also  sec- 
tionetl  these  movements  are  more  pronoimced.  The  animal  may 
also  in  moving  show  an  inability  to  walk  normally  and  a  tendency, 
especially  when  excited,  to  make  abnormal  forced  movements  of 
rotation  of  the  whole  l>ody.  After  such  an  operation  the  pigeon  will 
not  fly  voluntarily  and  if  thrfjwn  into  the  air  is  not  able  to  guide 
its  flight  with  accuracy  and  soon  descends.  Similar  ofjenitions 
on  the  anterior  or  the  posterior  canals  cause  movements  of  the  head 
in  the  corresponding  planes  and  a  tendency  in  walking  or  flying 
to  make  forced  movements — somersaults — fon^'ard  or  backward. 
Wlien  all  three  canals  are  cut  on  one  or  both  sides  the  animal  shows 
a  distressing  inability  to  maintain  a  normal  position.  The  head  ia 
iwistetl,  it  is  not  able  to  stand  unless  supported,  and  any  attempt 
at  walking  or  flying  results  in  violent  forced  and  inco-ordinated 
movements.  The  animal  makes  continual  somersaults  at  each 
attempt  to  stand  or  walk  ami  the  head  is  kept  in  spasmo<iic,  forceful 
movements,  which  niay  pro*  luce  injury  or  death.  To  preserve  the 
animal  from  injun*  after  such  an  extensive  o[)emtion  it  is  necesaar>' 
to  keep  it  wrapped  in  bandages.  It  should  I>e  a<lded  tlmt  resultfl 
of  this  character  are  obtainetl  only  when  the  membmnous  canals 
are  injured.  If  thelwny  canal  alone  is  cut  and  even  if  the  peri- 
lynifih  Ls  remove<i  by  suction  no  such  effects  are  oi>laineti.  At 
nxist  slight  and  relatively  transient  movements  of  the  head  are 
ohserved.  If  the  exposed  membranous  canal  is  pricked  with  a 
oee<]le  more  vif)lent  movements  result,  and  if  sectione<i  these  move- 
ments are  maintaincfl  for  a  longer  fK^riod  and  arc  accompanieil  by 
the  other  results  described.  Similar  effects  have  been  obtaine<l 
from  operations  on  mammals  and  other  animals,  but  the  results 

•  Thr  literature  of  ihr  s<*micircular  canals  arul  the  vefltibulc  w  very  ox- 
Uauave*  The  complete  bihlinpriiphy  may  Iw  obtamcMl  from  the  following 
aourmi:  '*  Die  I^hren  von  den  Funktionen  drr  ein/elncn  Theile  des  Ohrluby- 
rinth»»/'  hv  \T»n  Stein,  ISJU;  Klchet'*  "Dictionnaire  cle  Phvaiologie,**  article 
by  fyon.'on    "E»-piice.'  VMm, 
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are  more  proaomkced  in 

appueatljr  with  the  ddkacj  of  the  co-onlinfttaott 
iB0««MBt«  (Evald).    Than,  the  morenKBlB  of 
m  the  pigeon  amy  be  MBtmed  to  nqatre  a 
wed  than  is  neceann*  in  the 


fiflh,  ami  in  nxrespondeoce  with  this  idea  it  »  found  that  opem- 
tioRS  on  the  canab  of  fidies  are  not  foUoved  by  eonspiraoos  effects 
upon  the  movementa  of  the  animah. 

Temporary  and  Pennanent  Bffecta  of  the  Operation. — ^The 
geikenU  effects  of  operations  on  the  semkiieular  canals,  so  far  » 
difltuibances  of  equitibrium  and  occurrenee  of  forced  mo\iements 
are  concerned,  resemble  those  resulting  from  c^jcntJooB  upon  the 
eerri^eOum,  and,  as  in  the  cuee  of  the  last  mentioned  orsan,  it  is 
found  by  most  observer?  that  if  the  animal  is  properly 
for  the  severity  cf  the  first  effects  passes  off  to  a  greater  or 
extent.  Mourens  states  that  his  pigeons,  with  t«ro  or  man  eanab 
eutr  continued  to  show  the  effects  of  the  opeiatioo  abnost  with  the 
aame  intenaty  for  nearly  a  year,  ^me  unpuUished  experiments 
made  in  the  author's  labor&ton-  have  given  different  results.* 
Pigeons  ^ith  only  one  canal  cut  recover  practically  completely 
within  ten  or  more  days.  Those  with  two  canals  cut  reco\*er  neatly 
completely  within  a  month,  so  far  as  walking  is  concem«l.  although 
they  exhibit  an  unmllingnes?  to  fly.  Those  with  three  or  more 
canals  cut  never  recover  completely,  but  their  final  condition  is  ven* 
different  from  that  exhibited  shortly  after  the  operation.  Even 
when  all  six  canals  have  l)een  cut  the  aminal,  if  well  cared  for  in  the 
l^^^inning,  is  able  finally  to  stand  anij  walk  and  feed  itself.  It 
is  not  able,  however,  to  fly,  and  in  walking  lis  progress  is  uncertain: 
there  is  a  tendency  to  walk  zigzag  or  in  circles,  first  to  one  side,  then 
to  the  other.  If  hurried  or  excited  some  return  of  the  violent 
movements  of  the  head  and  inco-ordination  of  the  movements  of 
locomotion  may  be  seen.  The  partial  reoover>'  from  the  operations 
upon  the  canals  may  lie  due,  however,  to  a  more  or  less  complete 
restoration  of  the  canals  to  their  former  Amctional  acti\it>%  owing 
to  a  regeneration,  partial  or  complete,  since  a  new  section  of  the 
canals,  after  a  year  or  more,  again  brings  on  the  violent  and  dis- 
orderly movements  of  the  head  and  the  body. 

Effect  of  Direct  Stimulation  of  the  Canals. — ^The  mem- 
branous canals  or  their  ampullar^'  enlargements  have  been  stimu- 
lated by  many  observers  and  by  many  different  methods — electrical, 
chemical,  and  mechanical.  The  results  of  electrical  stimulatiou  are 
not  constant  nor  strikingi  but  chemical  and  especially  mechanical 
stimulation  in  the  hands  of  many  observers  has  called  forth  definite 
movements  of  head  or  eyes  similar  in  a  general  way  t«  those  caused 
*  Expertmentfl  lusting  over  two  years  made  by  Dr.  E.  Roaencrantx. 
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by  section  of  the  canal,  but  lasting,  of  course,  for  a  short  time  only. 
In  the  dog-Esh  Lee*  fimls  that  pressure  upon  an  ampulla  causes 
movements  of  the  eyes  and  fins  siicli  as  would  occur  normal ly  if 
theanimara  body  were  rotated  in  the  plane  of  the  canal  stimulated. 

Effect  of  Section  of  the  Ampullary  or  the  Acoustic  Nerve.— 
Many  of  tlie  older  arid  newer  oliscrvers  have  cut  one  or  both  of  the 
acoustic  nerves  or  destroyed  the  entire  labyrinth  on  one  or  l>oth 
aides.  The  effects  described  varv-  soinewhat  with  the  animals  used, 
Inil,  in  general,  section  of  the  ner\'e  on  one  side  is  followed  by 
forced  movements,  esi>ecially  of  rolling  moventents  around  the 
long  axis  of  the  body.  When  the  nerves  are  cut  on  lK>th  sides 
disturbances  in  the  jKAver  to  maintain  etpalibriuni  perfectly  are 
more  or  less  distinctly  marked.  In  fishes  {dog-fish)  the  animal  may 
swim  or  come  to  rest  in  unusual  jx)sitions, — on  the  l)ack  or  side,  for 
instance. 

Is  the  Effect  of  Section  of  the  Canals  Due  to  Stimulation? — 
The  movements  that  result  fmm  section  of  one  or  more  of  the  canals 
have  been  attributed  by  some  authors  to  stimulations  set  up  by  the 
injury  caused  by  the  openition,  and  by  others  have  been  considered 
as  a  result  of  the  falling  out  of  the  stimuli  normally  and  constantly 
proceeding  from  the  canals.  This  fundamental  <|uestion  has  not 
been  decided.  On  the  one  hand,  the  movements  observed  are  simi- 
lar to  thf>se  caused  by  excitation,  which  would  indicate  that  a  stimu- 
lation is  set  up  by  the  operation.  On  thcuther  hand,  the  effects  are 
80  long  lasting  as  to  make  it  improbable  that  they  are  entirely  due  to 
the  irritation  of  the  operation.  Moreover,  Ciaglio  f  states  that  when 
the  spot  operated  upon  is  cocainized  the  same  effects  follow.  Indeed, 
cocamizing  the  membranous  canals  gives  the  same  results  as  cutting 
them.  It  is  |x>ssible,  of  course,  that  both  processes  take  place,  an 
irritative  stimulation  and  a  falling  out  of  normal  impulses,  the 
effects  of  the  latter  bein^  longer  lasting. 

Theories  of  the  Functions  of  the  Semicircular  Canals. — Aa 
indicated  briefly  alM>ve.  the  facts  regarding  injun-  to  and  stimulation 
of  the  semicircular  canals  are  very  numerous  and,  on  the  whole, fairly 
eoncordant.  Their  interyjretation,  however,  has  offered  great  dif- 
ficulties, and  many  views  have  been  proposed ;  almost  exery  inves- 
tigator, in  fact,  has,  to  some  extent,  varied  in  his  interpretation  of 
the  precise  functional  significance  of  these  organs.!  These  views 
may  be  dassitied,  although  imperfectly,  under  the  following  heads: 

1.  The  old  \'iew,  first  proposed  by  Autenrieth  (1802),  that  the 
canals  or  their  sense  cells  are  stimulated  by  sound  waves  and  give 

♦  lit*.  "Journal  of  PhvsioIoRV."  15.  32s.  1003. 

t  Gwlio.  "Archivea  ital  tic  biolo(rie."  31.  377.  1S99. 

I  For  a  detailed  and  enniplet4*  account  of  these  views  to  1892  see  8lein. 
•^Die  U'hren  von  den  Funktionen  dor  cizelneo  Theile  des  Ohrlabyrintlia." 
Jena.  IK^. 
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US  the  means  of  determining  the  direction  of  sound  in  accordance 
with  their  position  in  three  planes  at  right  angles  to  one  another. 
This  view  has  been  revived  from  time  to  time  by  recent  writers. 

2.  Flourens  himself  believed  that  I  he  impulses  nonnally  proceed- 
ing from  these  organs  scr\'G  to  motlcrate,  or,  as  we  should  say  now, 
to  inhibit  the  movements  of  the  head.  As  soon  as  the  canals  are  cut 
the  movements  that  have  been  kept  vmder  control  by  their  influence  , 
are  unrestrained.  On  this  view  the  semicircular  canals  are 
organs  wliich  inliibit  or  restrain  the  voluntary  movements,  and 
thus  take  an  e^ential  part  in  the  proper  co-ordination  of  such 
movements.  He  did  not  attempt  to  define  the  physiology  of  the 
organs  in  terms  of  the  sensations  aroused. 

'A.  The  view  that  the  stiniulus  Ui  the  hair-cells  ia  to  be  found  in 
the  varv'ing  pressure  of  the  eudolymph.  As  first  proposed  by  Goltz 
{1870},  it  was  assumed  that  the  enilolymph  exerts  a  hydrostatic 
pre.ssiire  ujxin  the  hair  cells  which  in  any  given  position  varies  in  the 
different  ampullas  and  varies  with  different  positions  of  the  heatl. 
'I'he  sensory  impulses  thus  aroused  give  us  a  knowledge  of  the  jxjsi- 
tion  of  the  head  and  enable  us,  therefore,  to  control  its  movements 
and  also  those  nf  the  Ijody.  On  this  view  these  organs  act  as  sense 
organs  in  maintaining  Imdy  equilibrium  and  may  l>e  designated  as 
peripheral  sense  organs  of  equilibrium.  Later  observers  (Mach, 
Breuer.  Brown,  ct  <iL)  motlified  this  view  by  the  assumption  that  the 
hair  cells  are  stimulated  not  so  much  by  the  hydrostatic  pressure  of 
theendolymph  as  by  the  pressure  changes  developed  during  move- 
ments of  the  head,  making  the  organs,  therefore,  a  means  of 
appreciating  especially  the  movements  of  the  head,  a  dynamic 
rather  than  a  hydrostatic  organ  of  ec|ui]ibrium.  It  was  assumed 
that  rotiition  movements  of  the  head  in  the  jilane  of  a  canal  set  up 
a  movement  f>r  pressure  of  the  endolymph  in  the  opjxisite  direc- 
tion, just  as,  to  use  a  rough  comparison,  when  one  twirls  a  pail  of 
water  in  one  direction  the  water  lags  behind  an<l  exerts  a  pressure 
in  the  apposite  Llirection.  According  to  this  hypothesis,  which 
in  some  form  or  nther  is  the  view  usually  tiiught.  tlie  hair  cells  in 
ouch  ampulla  are  stinnilaterl  chieHy  by  movements  in  the  plane  of 
that  canal  toward  the  ampulla,  the  pressure  of  theendolymph  be- 
ing in  the  opposite  direction, — that  is,  from  utriculus  toward  the 
canal.  .Moreover,  the  vertical  canals  act  in  pairs  (see  Fig.  167).  the 
sui>erioror  anterior  vertical  of  one  side  iicting  with  the  posterior  or 
inferior  vertical  of  the  other  side,  the  two  canals  lying  in  parallel 
planes.  Movements  in  this  plane  forward  wiiuld  stinudate  the 
anterior  ami)ulla  on  one  side  chiefly,  movements  in  the  same  plane 
backward,  the  f)asterior  ampulhi  of  the  r»|j|>osite  side.  The  horizon- 
tal canals  also  act  together,  being  stimulated  chiefly  by  rotational 
movements  in  the  horizontal  plane,  the  hair  cells  in  one  responding 
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chiefly  to  movements  in  one  direction,  the  other  to  movements  in 
the  same  plane,  but  in  the  opposite  direction.  Rotational 
movements  in  other  planes — sagittal,  oblique,  etc. — would 
affect  two  or  more  of  the  pairs  of  canals  in  proportion  to  the 
degree  that  each  is  involved  in  the  movement  on  the  principle  of 
the  parallelogram  of  forces.*  By  a  mechaiusm  of  this  sort  it 
may  l>e  sup|x>se<l  that  we  are  informed  regarding  the  plane,  di- 
rection, and  extent  of  the  movements  of  the  head  and  are  thereby 
enableii  to  control  these  movements.  The  canals  function  cs- 
peoially  as  a  dynamic  organ  of  e<iuilii>rium,  but  may  also  give  us 
guiding  sensations  when  the  movements  are  progressive  rather  tlian 
rotational,  and  also  when  the  head  is  at  rest,  although,  as  is  ex- 
pJ&ined  l)elow,  this  last  function  is  by  some  relegatpd  to  the  hair 
cells  of  the  utriculus  and  sacculus.  According  to  this  view,  the 
loss  of  the  power  of  maintaining  exact  equilibrium  after  injuries  to 
the  canals  or  section  of  the  nen'es  may  l>e  explained  by  supjiosing 
that  false  sensations  are  experiencei^l  and  false  compensatory  move- 
ments are  made.  So.  also,  the  vertigo  exjienenced  after  continued 
rotation  may  l>e  attributed  to  abnormal  stimulation  of  these  sense 
Orleans, — a  view  that  finds  some  supi>ort  in  the  fact  that  many 
deaf-mutes,  whose  internal  ear  is  suppose*!  to  l)e  deficient,  do  not 
exjierience  vertigo  after  rotation,  and  in  animals  with  the  labyrinth 
destroyed  n)tational  movements  fail  to  give  the  symptoms  of  vertigo. 

4.  (Von  has  advocate<l  the  view  that  the  semicirrular  canals  con- 
stitute an  oi^an  for  the  jjerception  of  space  in  it-s  three  dimensions. 
Each  C4Uial  <»r  pair  of  canals  gives  us  the  sense  of  direction  in  its  own 
pJane,  and  the  fact  that  we  have  three  pairs  in  planes  at  right  angles 
to  one  another  gives  the  physioloidcal  foundation  of  our  conception 
of  three  dimensional  space.  On  this  fundamental  conception  of 
^pAOB  is  projected  the  additional  space  conceptions  derived  from  our 
wual,  tactile,  and  muscle  senses.  This  author  is  not  specific  in 
stating  by  what  means  the  sen3or>'  cells  in  the  three  canals  are 
stimulated.  In  addition  to  the  sen.sations  of  direction  an<i  of  space 
furnished  by  the  canals,  the  nerve  impulses  from  them  are  supposed 
to  co-ordinate  the  action  of  the  motor  centers  concemeii  in  move- 
ments of  the  head  and  IxkIv. 

5.  Kwald.  while  accepting  the  general  view  that  the  sense  cells 
are  stimulatci.1  by  the  pressure  of  the  endolymph,  lays  stress  upon 
tlje  fact  that  the  nerve  impulses  thus  aroused  have,  as  their  main 
rraidt,  a  reflex  effect  upon  the  t^jnicity  of  the  vohmtar\'  muscula- 
ture. The  constant  flow  of  impulses  from  these  organs  senses  t« 
maintain  the  muscles  in  a  normal  condition  of  tone.  In  animals 
with  the  labvrintli  ilestroyed  on  lifitli  sides  the  body  nni.sculature 

.flabby  ami  lacking  in  tonicity.    ( )n  this  view,  therefore,  the  semi- 
•  Consult  L*f ,  foe.  rit. 
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circular  canals  constitute  what  might  be  called  a  muscle-tone  organ, 
ami  the  olnioua  ilisturbances  in  motion  caused  by  their  injun'  arei 
due  priuiarily  to  a  diminution  or  loss  in  must-Ie  tone,  each  canaP 
possildy  being  reflexly  connected  with  sjiccial  muscles. 

Summary. — With  reference  to  the  kind  of  sensation  mediated 
by  the  nerves  of  the  seitijcircuhir  oatials,  it  should  be  borne  in  mind 
that  these  sensations  are  not  distinetly  recognized  by  consciousness; 
hence  the  ditticulty  of  designating  them  by  a  specific  name.  Of 
the  many  qualities  of  sensation  or  consciousness  which  we  can 
distin^iish  some  have  chanicteristics  so  clear  that  vre  recognize 
them  at  once  and  give  them  distim*tive  names, — such,  for  instance, 
as  the  sensations  of  sight,  hearing,  taste,  etc.  Others,  however, 
produce  a  psychical  reaction  of  such  an  indefinite  character  that 
they  escape  recognition  by  mere  introspection.  'J'hc  change  in  con- 
sciousness is  not  sufliciently  marked  to  make  itself  felt  to  the  un- 
trained mind.  This  condition  prevails  regarding  the  sensations 
aroused  through  the  semicircular  canals;  they  are  too  indistinct  to 
be  recogni/AHl  Uiul  named  by  an  up[)ea]  t*)  consciousness,  and  it 
would  seem  to  be  w  iser  to  designate  them  after  the  analogy-  of  the 
muscle  sensations  simply  as  semicircuhir  canal  sensations.  Our 
perceptions  or  ideas  of  space  and  direction  are  doubtless  founded 
in  part  upon  these  reactions  and  in  part  upon  the  muscle  sense, 
vision,  and  tactile  sensations.  With  regard  t-o  the  influence  of  the 
nerve  impulses  from  tiie  semicircular  canals  uf>on  movements,  all 
the  facts  known  seem  to  imlicate  that  they  play  an  important  part 
in  the  regulation  or  co-ordination  of  the  movements  of  equilibrium 
and  locomotion.  Inasmuch  as  this  general  ct>-(^rdi nation  or  con- 
trol seems  to  rest  nornudly  in  the  nervous  mechanisms  of  the  cere- 
bellum and  inasmuch  iis  the  vestibular  nerves  make  end  connections 
with  the  cerel>ellum»  together  with  the  fibers  of  muscle  sense,  we 
may  assume  that  the  cen?l>ellum  forms  the  brain  center  in  which 
the  semicircular  canal  impulses  exert  their  influence  ujx)n  muscular 
contractions  and  muscle  tone. — tlic  cerebellum  formsthe  nerve  center 
for  the  semicircular  canals,  or  the  semicircular  canals  fonn  a  jjeriph- 
eral  sense  organ  to  the  cereliellum.  Whether  the  imj)ulses  from 
the  canals  are  excitator>'  or  inhibitor)-  or  both,  as  regards  their  effect 
upon  muscular  contractions,  is  not  clearly  apjiarent  from  the 
experin^ental  evidence  so  far  furnished,  but  Kwald's  suggestion 
that  they  serve  to  maintain  reflexly  the  tonus  of  the  body  muscu- 
lature is  perhaj>s  the  most  acceptable  view.  In  regard  to  the 
means  by  which  these  ner^'es  are  normally  stimulated  there  is  also  ' 
much  room  for  conjecture,  but  pnivi.sionally  at  least  it  seems 
pennissible  to  atlopl  the  view  that  variations  in  the  pressure  of  the 
endolymph  upc^n  the  tiairs  of  the  hair  cells  constitute  the  immeiliate 
cause  of  their  excitation.     Granting  that  changes  in  ]X)sition  or 
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movement  of  the  head  may  cause  such  variations  in  pressure  the 
tlieon*  offers  a  simple  uml  salissfacton*  explanation  of  tlie  mode 
of  excitation  and  the  means  Ky  vsliich  the  excitation  may  vury 
appropriately  under  different  conditions.  While  the  endolymph 
theor>'  may  be  criticized  easily,  nonther  eqnalh^  satisfactory  theon* 
has  l»een  suggested  to  take  its  place. 

Functions  of  the  Utriculus  and  Sacculus. — These  small  ciacs 
contain  sensor^'  hair  cells  similar  in  general  structure  to  those  found 
in  the  crista  of  the  umpuljar}'  sacs.  The  collection  of  hair  cells  with 
their  sup|j«irting  cells  is  tie.sijrnated  as  the  macula,  the  macula  ulriculi 
and  the  nuicula  sacculi.  Lyin^  amouK  the  hairs  of  the  iiair  cell  are 
found  nmsses  of  small  crvst^ils  of  calcium  carhoiiate,  the  otoliths  or 
oti^>conia.  In  this  resiK-ct  the  structure  of  the  macula  differs  strik- 
ingly from  that  of  the  crista.  The  ]x>sition  and  connections  of  the 
utriculus  and  sacculus  leail  at  first  naturally  to  thesupix>sition  that 
they  are  stinmlated  by  the  sound  waves  of  the  f)erilym{ih  and  are, 
tberefore,  concerned  in  the  function  of  liearing.  The  accepted 
views  regarding  the  functions  of  the  cochlea  in  hearing  make  this 
organ  sufficient  for  all  auditory  purj>oses  and  there  is  no  specific 
I>art  of  this  process  that  need  be  attributed  to  the  vestibular  sacs. 
It  was,  indeed,  at  one  time  suggested  that  their  structure  adapts 
them  to  respond  esijecially  to  short  and  irrcgidar  vibrations,  but 
no  cogent  reasons  or  facts  have  l>een  advanced  to  support  this 
\'iew.  Ilie  fact  that  the  sacs  are  so  closely  coimecte<l  with  the 
semicircular  canals  suggests  rather  that  the  functions  of  these  organs 
are  similar  and  that  like  the  canals,  therefore,  they  influence  the 
contractions  of  the  muscles  and  function  as  organs  of  equilibrium. 
In  recent  years  the  view  that  has  been  most  discussed  is  that  ad- 
vanced by  lireuer, — namely,  that  these  organs  give  us  information 
regarfling  the  iX)sition  of  the  head  when  at  rest  and  when  mak- 
ing prijgressive — that  is,  non-rotarv' — movements,  supplenienting, 
therefore,  the  functions  of  the  semicircular  canals  on  the  supi)osition 
that  these  latter  act  e8i:)ecially  in  movements  of  rotation.  Or,  as  it 
is  sometimes  expresse<l,  the  sacs  form  a  static  anrl  the  canals  a  «iy- 
namic  oi^n  of  e<^iuilihrium.  According  to  this  view,  the  otoliths 
act  as  a  means  of  mechanical  stimulation  of  the  hairs.  Being 
heavier  than  the  endolymph,  they  press  upon  the  hairs  with  a  foR'e 
varying  with  the  position  of  the  head  and  thus  give  rise  to  sensations 
or  reflexes  which  are  adapted  to  the  maintenance  of  e<juilibrium. 
Since  the  planes  of  the  two  sacs  are  different,  they  may  be  differ- 
ently affected  by  the  same  fx>sition  or  movement.  So  also  in  pnw 
gressive  movements  forward  the  weight  of  the  otoliths  may  \ye  im- 
agined to  exercise  a  stress  of  some  sort  U|X)n  the  hairs.  This  theory 
has  been  the  subject  of  nmch  investigation,  numerous  experiments 
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having  been  made  chiefly  upon  fishes  and  invertebrates  *  Acconl- 
ing  to  some  observers  destruction  of  these  sacs  or  section  of  their 
nerves  is  accompanied  by  a  distinct  interference  with  the  fish's  nor- 
mal efjuilibrium:  the  animal  swims  at  times  u|x>n  his  back  or  side 
and  apparently  loses  its  normiil  means  of  judging  correctly  its  posi- 
tion. In  many  inver  tebrates  there  is  present  a  sac,  known  as  the 
otocyst,  containing  hair  cells  and  otoliths.  Its  structure  resembles 
that  of  the  vestibular  sacs  of  the  mammalian  ear,  and  it  has  l^een 
assumed  that  it  has  a  similar  function.  Experiments  by  numerous 
obsen'ers  have  indicated  that  when  the  otoliths  are  remove*!  the 
animal  shows  disturbances  in  equilibrium,  particularly  in  the  matter 
of  the  compensatory  movements  exhibitefl  during  rotation.  Others, 
however,  deny  these  facts  and  state  that  invertebrates  without  oiiv 
cysts  make  compensatory  movements  when  rotated  and  that  in 
those  with  otocysts  compensatory  movements  and  maintenance  of 
normal  e<|ui!ihrium  persist  after  destruction  of  the  sacs.  A  very 
ingenious  experiment  rei>orted  l>y  Kreiill  seems  to  show  that  the  oto- 
liths may  affect  the  hairs  by  their  weight.  When  the  paUemon.  a 
crustacean,  molts  it  casts  ofT  the  inner  lining  of  the  otocyst,  together 
with  the  otf)!iths.  The  otocysts  in  these  animals  lie  at  the  base  of 
the  untennulcs  and  ofoen  freely  to  the  exterior.  After  molting  the 
animal  by  mojin.s  of  it*H  claws  places  fine  grains  of  sand  in  the  otocyst 
to  act  as  ot^jliths.  Taking  arlvantage  of  this  peculiarity,  KreidI 
placed  the  animal,  after  molting,  upon  finely  powdered  iron,  with 
the  result  that  some  of  the  iron  granules  were  deposited  in  the  oto- 
cyst in  place  of  the  usual  grains  of  wuid.  When  now  ti  magnet  was 
brought  near  to  the  aiiiinul  roa<'tions  were  obtiiined  which  showed 
that  the  pres.sure  of  the  iron  upon  the  hairs  infiuence<i  its  position. 
The  position  taken  by  the  animal  tmder  these  contlitions  w*as  such 
as  would  be  expeoted  as  a  resultjint  of  the  forces  of  magnetism  and 
gra\ity,  and  the  c\|x*rimcnt,  therefore,  justifies  the  hypothesis  that 
under  normal  conditions  gravity  afTc»cts  the  otoliths  and  through 
them  the  muscular  co-ijrdination  of  the  animal. 

*  Consult  the  follovviiiK  papers;  Scwall,  "Journal  of  Phvwology,*'  4,  339, 
18S4;  Lee,  ihid.,  15.  311.  IMI3.  and  "American  Journal  of  Phvaotegy.'*  1, 
128,  1898;   Lyon,  "American  Journal  of  PhysioIog>',"  3,  86,  1900. 
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GENERAL  PROPERTIES:  PHYSIOLOGY  OF  THE 
CORPUSCLES. 

The  blood  of  the  body  is  contained  in  a  practically  closed  s\'8tera 
of  tubes,  the  blood-vessels,  withiti  which  it  is  kept  circulating  by  the 
force  of  the  heurt  beat.  It  is  usuaJiy  s|X)ken  of  as  the  nutritive 
liquid  of  the  body,  but  it^  functions  maj'  be  8tatc<i  more  explicitly,  al- 
though still  in  quite  general  terms,  by  saying  that  it  carries  to  the  tis- 
aues  foodstuffs  after  they  liave  been  projierl}'  prepared  by  the  diges- 
tive organs;  that  it  transix)rt8  to  the  tissues  oxygen  al«orl)ed  from 
the  air  in  the  lungs;  that  it  carries  oH  from  the  tissues  various  waste 
prrHlucts  formeil  in  the  processes  of  disassimilation ;  tliat  it  is  the 
medium  for  the  trnasniission  of  the  internal  secretion  of  certain 
glands;  and  that  it  aitls  in  cfjualizing  the  temjjerature  and  water 
ront4»nts  of  the  l>ody.  It  is  (piite  ob\'ious,  from  these  statement's, 
Uiat  a  complete  consideration  of  the  physiological  relations  of  the 
blood  would  involve  substantially  a  treatment  of  the  whole  subject 
of  physiology.  It  is  propose<l,  therefore,  in  this  section  U>  treat  the 
blofxl  in  a  restricted  way, — to  consider  it,  in  fact,  as  a  tissue  in  itself, 
ami  Uj  study  its  composition  and  properties  without  special  reference 
to  its  nutritive  relationship  to  other  jiarts  of  the  l>ody. 

Histological  Structure. — The  blooilis  composed  of  a  liquid  part, 
tbp  ftitx^Tfui,  in  which  float  a  vast  number  of  microscopical  bodies,  the 
Ho^mI  corptiscies.  There  arc  at  least  three  diilerent  kinds  of  cor- 
puscles, known  res[)ectively  as  the  red  corpuscles;  the  white  corjnjs- 
cles  or  leticocytes.  of  which  in  turn  there  are  a  numl>er  of  different 
kindii:  and  the  blottfl  plntcs.  Blood-plasma,  when  obtaine<i  free 
from  corpuscles,  is  |H'rfectly  colnrless  in  thin  layers, — for  example, 
in  micrtxjcopical  preparations;  when  seen  in  large  quantities  it  shows 
a  RlijrhUy  yellowish  tint,  the  depth  of  color  van-ing  with  different 
animals.  The  red  color  of  blood  Is  not  due,  therefore,  to  coloration 
of  the  bkxHi-plasma,  but  is  caused  by  the  mass  of  red  corpuscles  held 
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in  suspension  in  this  liquitl.     The  proportion  by  bulk  of  plasma  to 
corpuscles  is  usualh'  given,  roughly,  as  two  to  one. 

Blood-serum  and  Defibriiwtal  Blood. — In  connection  with  the 
explanation  of  the  tenn  ''blood-plasma  "  just  given  it  will  l>e  con- 
venient to  define  briefly  the  terms  **  blootl-serum  "  and  "defibrin- 
ated  blood."  BlootI,  after  it  escapes  from  the  vessels,  usually  clots 
or  coagulates;  the  nature  of  this  process  is  discussed  in  detail  on 
page  415.  The  clot,  as  it  fomis,  gradually  shrinks  and  squeezes  out 
a  clear  lujuid  to  wliich  the  name  blood-serum  Is  given.  .Serum  re- 
sembles the  plasma  of  nonnal  Ijluod  in  general  ap{>earance,  but  <lif-^ 
fers  from  it  in  composition,  as  will  be  explained  later.  At  present 
we  may  say,  by  way  of  a  preUniinan^  ilt^finition,  that  l>Iood-«erum  is  ' 
the  liquid  part  of  blood  after  coagulation  has  taken  place,  as  blood- 
plasma  is  the  liquid  part  of  blood  before  coagulation  has  taken  place. 
If  shetl  bhjod  is  whi^Jiieil  xngorou-sly  with  a  roti  or  some  similar  object 
while  it  is  clotting,  the  essential  part  of  the  clot — namely,  the  fibrin 
— forms  differently  from  what  it  tloes  when  the  blood  is  allowe<.l  to 
coagulate  quietly;  it  is  deposited  in  shreds  on  the  whip|)er.  Blood 
that  has  been  treated  in  this  way  is  known  as  defbrintUed  blood.  It 
consists  of  blood-senm)  plus  the  retl  and  white  corpuscles,  and  as  farj 
as  appearances  go  it  resembles  exactly  nonual  blood;  it  has  lost, 
however,  the  power  of  clotting.  A  more  complete  definition  of 
these  terms  will  be  given  after  the  subject  of  coagulation  has  been 
treated. 

Reaction  of  the  Blood. — Wlien  tested  with  litmus  or  lakmoid 
paper  blood  gives  an  alkaline  reaction.  This  reaction  is  attributed 
to  the  so<lium  carbonate  in  solution  in  tlie  plasma,  and  the  amount 
of  the  allvalinity  has  been  determine<l.  therefore,  by  titration  with 
a  weak  acid,  such  as  tartaric  acid.  The  acid  is  employed  in 
a  known  strength — one  two-hundredth  or  one  four-hundredth 
normal  solution, — JJ^  or  ,",,  that  is  the  solution  contains  m  each 
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liter  250^^450°^  ^^^  number  of  grams  represented  by  the  molecular 
weight  of  tartaric  acid  (C^H^l  )^=  1.5*.)).  A  solution  of  this  strength 
is  addetl  to  a  known  (|uantity  of  blood  until  the  stKiium  carlx)nate 
is  all  neutralized,  the  end  of  the  reaction  being  detenninetl  usually 
by  one  of  the  recognized  inflicatoi*s,  such  a>s  litmus  or  lakmoid. 
Testert  in  this  way,  it  lias  been  found  that  the  alkalinity  of  the  blo^Ml 
corresponds  to  that  of  an  aqueous  solution  containing  from  0.2  to 
U.3  per  cent,  of  sodium  cari>onate.  Much  attention  has  been  paidj 
to  the  variations  in  the  alkalinity  of  the  blood  in  different  dia 
as  also  under  varying  conditions  of  nnrnml  life,  ami  in  consequenc 
many  methods  for  determining  this  alkaliiiity  have  been  suggest 
with  reference  to  their  clinical  application,  these  methods  being 
characterized  by  the  fact  that  l>ut  little  blood  is  employed.     The 
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methods  differ  among  themselves  chiefly  in  the  means  used  to 
determine  the  point  of  neutralization  of  the  blood  by  the  acid 
added.  In  some  methods  litmus  is  employetl,  in  others  lakmoid, 
and  in  one  (Dare's)  the  end-reaction  is  determined  sf)ectroscopically 
on  the  l)elief  that  the  rharacteristic  alij^iirjition  speetnim  of  oxy- 
hemoglobin (p.  395)  disapi)eHrs  at  the  |j4jint  of  neutralization.* 

In  reference  to  this  suliject  of  the  reaction  of  the  hUnnl  and  of  the 
tissues  of  the  body  generally  a  difference  in  t«rminolo|2:>-  prevails 
at  present  which  tends  to  confuse  the  bep:inner.  Some  writers  use 
the  term  alkalinity  in  the  sense  of  titration  alkalinity  to  imiicato 
that  the  blood  will  neutralize  a  certain  amount  of  weak  acid  added 
to  it.  Others,  however,  employ  the  term  in  its  strict  sense,  as 
developed  by  modem  physical  chemistr>%  to  indicate  an  excess  of 
hydroxyl  ions  (OH — ).  From  the  latter  standpoint  a  solution  is 
alkaline  when  it  contains  a  substance  or  substances  which  upon 
dissociation  yiekl  an  excess  of  hydroxyl  ions, — so4lium  hydroxid, 
for  example,  which  on  dissociation  gives  Na+  and  OH — ,  or  sub- 
stances, such  as  sodium  carbonate,  which  give  rise  to  hydroxyl  ions 
by  reaction  with  water.  In  a  solution  of  this  latter  salt  we  may 
aaname  that  some  of  the  molecules  dissociate  into  the  ions  Xa-I-, 
Na+ ,  and  C0,= ,  and  that  the  anion,  C0^== ,  reacts  with  the  disso- 
ciated molecules  of  water,  H+,  HO — ,  gi\ing  HCOj —  and  (JH— . 

There  will  be  present  in  the  solution,  theivforo,  the  ftiUowinR  ions,  Xa4- , 
OH — ,  and  \a+  ,  HCX>| — ;  and  the  presence  of  the  hvdroxyl  ion  confers  upon 
the  solution  its  alkaline  rejtction  und  pro{>crtie«.  \n  such  a  solution  of  a 
strong  baw  with  a  weak  acid  the  Hlkjilinity,  I  hal  Ls,  e\e««H  of  OH — ,  cjin  not  he 
dctiCnnined  by  titration  nnth  an  add  Btroiije:er  than  carbonic  acid.  If  tartaric 
acid  is  added,  for  instance,  the  acid  will  nt)t  only  give  itt*  H^  to  combine  with 
the  OH—.  l)Ut  it8  own  anion  will  coiiibiue  with  all  of  the  dissociated  Na+  ; 
consequently  more  No^CO,  will  be  difisociated,  and  this  reaction  goes  on,  if 
sufficiefit  acid  \s  luted,  until  all  of  the  sodium  cartionate  is  destroyed.  To 
determine  the  exccsH  of  hydroxyl  iomi  in  »iieh  a  t^olution  uf>  btood  it  in  neoes- 
aaxy  to  make  use  of  the  methods  of  physical  chemistry.  Those  who  have 
employed  these  methodsf  report  that  niood  contains  no  greater  (juantity  of 
byamxyl  ioni*  than  pure  water,  and  must,  therefore,  l>e  reckoned  ns  a  neutral 
liquid.  This  ooncliLsion  is  corrol>onited  further  by  the  fact  that  with  some 
indicators — c.  g.,  phenolphthidoin — the  bl(x>d  does  not  give  an  alkaline  reac- 
tion. In  fart,  the  sodium  in  the  bltx^jd  behaves  substantially  as  if  it  were 
pUj  rnt  iis  the  hicarlmnatc.  NaHC'O., — a  theoretically  add  salt  whose  dis- 
' — '  Uion  would  l»e  repre»ente<l  by  tne  two  ions  Na+,  HCOj — .     The  many 
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jjllQIfvations.  therefore,  which  have  Ix'en  made  by  titration  of  the  blood  must 
'6ft  tinsi dered  as  not  jB^iving  its  varintionit  in  alkalinity,  but  rather  the  varia- 
tions in  the  amount  of  alkali,  Na,  in  combination  with  weak  mritht,  such  as  car^ 
iMiiiate  or  phosphate.  Tl»e  results  represt^nt  what  has  been  called  the  "titra- 
tion alkalinity     of  ihe  blocMi. 

Specific  Gravity.— The  specific  Kra\'ity  of  human  bUxxi  in  the 
adult  niale  may  van-  from  1.041  to  1.067,  the  average  being  about 

•  For  an  account  of  these  methods  see  Simon,  "A  Manual  of  Clinical  Diag- 
nosis."   1904. 

t  Fraenckel,  "Arrhiv  f.  d.  gesammte  Physiologic. "  96,  601,  1903;  and 
U6ber,  ibid.,  99.  5 7 J. 
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1.055.  The  most  satisfactorj'  method  of  determining  this  factor  is, 
of  cotirse,  to  contjmre  the  weight  of  a  known  volume  of  blood  with 
that  of  an  ccjual  volume  of  water,  but  for  ol)serv'ations  upon  human 
beings  su(.h  small  quantities  of  blood  must  l:>e used  that  recourse  must 
be  had  u.H\ially  to  a  more  indirect  method.  Perhaps  the  simplest  of 
the  methods  sur^gested  is  that  devised  by  Hammerschlag.*  In  this 
metho<l  a  mixtui^e  is  made  of  elilivnyform  (sp.  gr,  1.526)  and  benzol 
(sp.  gr.,  tl.SSi)).  The  mixture  is  made  in  such  proportions  as  io 
have  a  siM^cific  gravity  of  al>out  1.055.  A  drop  of  blood  from  the 
finger  is  shaken  into  this  mixture;  if  the  drop  sinks  to  the  lx)ttom 
it  is  evident  that  the  specific  gravity  of  the  blood  is  higher  than  that 
of  the  mixture,  and  the  reverse  is  true  if  the  drop  rises.  By  adding 
more  of  the  chlorrjfonn  or  of  the  Ijenzol,  as  the  case  may  be,  the 
specific  gra\ity  of  the  mixture  may  l^e  ciuickly  altered  so  as  to  l>e 
etjual  to  that  of  the  drop  of  blood,  which  will  then  float  in  the  liquid 
without  a  distinct  tendency  to  rise  or  fall.  The  specific  gra\'ity  of 
the  mixture,  which  is  also  that  of  the  bloofl.  is  then  determined  by  a 
suitable  hydrometer.  By  the  use  of  such  methods  it  has  been  foundt 
that  the  specific  gravity  varies  with  age  and  with  sex;  that  it  is 
diminished  after  eatinir  and  is  iucre:ised  after  exercise;  that  it  lias  a 
dinriml  variation,  falling  gradually  during  the  day  and  rising  slowly 
during  the  night ;  and  that  it  varies  greatly  in  individuals,  so  that 
a  specific  gravity  which  is  normal  for  one  may  be  a  sign  of  disease 
in  another.  I'he  sjieciHc  gnivity  of  the  corpuscles  is  slightly  gre^iter 
than  that  of  the  plasma.  For  this  reason  the  coq)uscIe8  in  shed 
blootl,  when  its  coagultuitui  is  prevented  or  retarded,  tend  to  setde 
to  the  bottom  of  the  containing  utensil,  leaving  a  more  or  less  dear 
layer  of  suix^rnataut  plasma.  Among  themselves,  also,  the  cor- 
puscles differ  slightly  in  sj^ecific  gmvity,  the  red  coq^uscles  l>eing 
heaviest  and  the  Ijlood  j)lates  lightest. 

Red  Corpuscles, — The  red  corpuscles  in  man  and  in  all  the 
mammalia,  with  the  exception  of  the  camel  and  other  meml)ers  of 
the  group  Camelid:e.  are  l)iconcave  circular  discs  without  nuclei; 
in  the  Camelitln-  they  have  an  elliptical  form.  Their  average  diame- 
t-er  in  man  is  given  ius7.7  tt  ( 1  //  =  0.001  mm.) ;  their  numl^r.  which 
is  usually  reckoned  as  so  many  in  a  cubic  millimeter,  varies  greatly 
under  different  conditions  of  health  and  disease.  The  average 
numl>er  is  given  as  5.fKM),(HM)  per  c.mm.  for  males  and  4.5(H).(MM)  for 
females.  The  i*ed  cuhir  (»f  tliD  corpuscles  is  due  t^j  the  j^resence  in 
them  of  a  pigment  known  as  "  hemoglobin."  Owing  to  the  minute 
size  of  the  corpuscles,  their  color  when  seen  singly  imderthe  micro- 
scrope  Ls  a  faint  yellowish  red,  but  when  seen  in  mass  they  exhibit 
the  well-known  blood-red  color,  which  varies  fnjm  scarlet  in  arterial 

*  HammcrsrhlaK.  "Znt«rhrift  f.  klin.  Med.,"  20.  444.  lSi92. 
tSec  Joiiea,  "JounwU  of  Physioiopy."  12,  299,  1S91. 
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Uood  to  purplish  red  in  venous  blood,  this  variation  in  color  being 
depentlcnt  upon  the  anioimt  of  oxygen  contained  in  the  l)lood  in 
coiidnnntion  with  the  hemoglobin.  Speaking  genemlly,  the  func- 
tion of  the  retl  corpuscles  is  to  carr>'  oxygon  from  the  lungs  to  the 
tiiBueB.  This  function  is  entirely  dependent  upon  the  presence  of 
bano^obin^  wliich  lias  the  power  f^f  mnibininK  easily  with  oxygen 
gas.  The  physiology'  n{  the  re<lcoqjiiscle.s.  therefore,  is  largely  con- 
tained in  a  description  of  the  pro]>erties  of  hemoglobin. 

Candilton  of  the  HtmoijUibin  ni  the  Corptisde. — The  finer  structure 
of  the  red  corpusch?  is  not  completely  known.  It  is  u.sually  stated 
that  the  corpuscle  is  comjwsed  of  twcj  substances,  stnnua  and  hem- 
Q^obin,  together  with  a  certain  amount  of  wat^r  an<l  salts  and 
abo  small  amounts  of  lecithin  and  cholesterin.  The  stroma  is  a 
delicate,  extensible,  colorless  substance  that  gives  shape  to  the 
oorpuacles;  it  forms  a  mesh  work  or  spong>'  mass  in  which  the 
beinoglobin  is  deposited.  'I'his  latter  substance  fonns  the  chief 
constituent  of  the  corpuscle,  since  it  makes  al>out  32  per  cent,  of  the 
weight  of  the  nonnal  corjniscle,  and  when  dr>'  from  94J  to  95  per 
cent,  of  the  total  solid  material.  The  point  that  remains  uncertain 
is  the  condition  in  which  the  hemoglobin  exists  within  the  corpuscle. 
U  is  evidently  not  in  sf>kition.  since  the  amount  present  Ls  too  great 
to  be  held  in  solution  in  the  corpuscle,  and,  moreover  even  a  thin 
layer  of  corpuscles  is  far  from  l>eing  transparent.  Nor  is  it  deposited 
in  the  form  of  crystals.  It  is  assumed,  therefore,  that  it  is  present 
in  a  pe<'uliar,  amorphous  form,  and  flamgee  has  shown  that  from 
itA  aqueous  sohitions  the  hemoglobin  can  be  obtained  in  an  amor- 
phous state  by  the  action  of  an  electrical  current.  It  is  protected 
from  the  action  of  the  water,  within  and  without  the  corpuscle.  In 
various  ways,  however,  the  relations  of  the  hemoglobin  within  the 
oorpu.scle  may  l>e  disturl)ed:  so  that  it  escapes  and  enters  into 
solution  in  the  pla.sma.  HkwKl  in  which  this  has  happene<l  suffers 
a  change  in  color,  V)ecominK  a  dark  crimson,  and  is  therefore  known 
as  *'laket;l  bloo*!."  I^iked  l)lood  in  thin  layers  is  quite  transparent 
comparetl  with  the  normal  blood  with  its  opaque  corpuscles. 

Hemolysis. — ^T'he  act  of  discharging  the  hemoglobin  from  the 
corj>u8cles  so  that  it  becomes  dissolved  in  the  plasma  is  designated 
as  hemolysis,  and  substances  tliat  cause  thin  action  are  spoken  of 
as  hemolytic  agents.  A  numl>er  of  such  agents  are  known;  but, 
although  the  results  of  their  action  are  the  same,  so  far  as  the  hemo- 
globin is  concerned,  the  way  in  which  they  bring  about  this  result 
must  vary  greatly.  Some  of  the  kno^Ti  methods  of  producing 
hemolysis,  or  rendering  the  blmxl  "laky."  are  as  follows:  (1) 
By  the  addition  of  water  to  the  bhwul  or  by  diminishing  in  any  way 
the  concentration  or  osmotic  pressure  in  the  plasma.  (2)  By  add- 
ing ether  or  chloroform.     (3)  By  adding  bile  or  solutions  of  the  bile 
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salts.  (4)  By  adding  amyl-iilcohijl,  (5)  By  adding  the  serum 
from  the  Ijluod  of  certain  animals.  ((>)  By  adding  saponin  or 
sapoto.xin.  (7)  By  the  addition  of  an  excess  of  alkali.  (8) 
By  various  toxins  found  in  snake  venom  or  in  the  serum  of  other 
animals  or  among  the  products  of  biicterial  activity  (natural 
hemolysins)  or  by  similar  organic  substances  produeeil  witliin  the 
body  by  the  process  of  imnuinizing.  Two  of  these  methods  de- 
mand especial  mention,  as  they  involve  the  consideration  of  proc- 
esses of  great  physiological  importance. 

Hemolysis  Caused  by  Lowering  the  Osmotic  Pressure  of  the  Plasnui. 
— The  blood  corpuscles  contain  a  certain  amount  of  water  ( 57  to 
64  per  cent.),  an  amount  insufficient  to  discharge  the  hemoglobin. 
We  may  imagine  that  the  osmotic  pressure  within  the  corpuscle  is 
sucli,  compared  with  the  osmotic  pressure  exerted  by  the  salts  in 
the  plasma,  that  a  water  ecjuilibrium  is  established,  and  that, 
although  water  molecules  diffuse  into  and  out  of  the  corpuscle, 
the  exchange  is  ec|ual  in  the  two  directions.  If,  however,  the 
outside  plasma  is  diluted  by  the  addition  of  water  to  any  consider- 
able extent,  then  the  osmotic  pressure  outside  the  corpuscles  is 
corres[X)ndingly  reduceti,  while  that  within  the  corpuscles  is 
unchanged.  Consef|uently  an  increased  amount  of  water  will 
puss  into  the  norj>uscles,  sufficient,  in  fact,  to  discharge  and  dissolve 
the  hemoglobin,  it  is  eAident.  therefore,  that,  in  injecting  liquiiis 
into  the  circulation,  or  in  diluting  blood  outside  the  body,  care 
must  be  taken  not  to  use  solutions  whose  osmotic  pressure  is 
markedly  less  than  that  of  blood-phisma,  otherwise  many  of  the 
red  corpuscles  may  l>e  destroyed.  Solutions  whose  osmotic  pressure 
is  the  same  as  that  of  the  plasma  are  said  to  he  isosmotic  or  isotonic 
with  the  blood,  those  whose  pressure  is  lower  are  designated  as 
hypotonic,  and  those  whose  pressure  is  higher  as  hypertonic* 
The  salt  that  is  containeri  in  the  plasma  in  largest  amounts  is 
sodium  chlorid.  In  making  isot-onie  .sohitions  this  salt  is  there- 
fore generally  employed.  A  solution  containing  nine-tenths  of 
1  per  cent,  of  sodium  chlorid  (NaCl,  (1.9  j>er  cent.)  gives  the 
same  osmotic  pressure  as  phisma  as  determined  by  the  effect  of 
each  on  the  lowering  of  the  freezing  }x>int  (see  apjiendix.  Diffusion, 
Osmosis,  and  Osmotic  Pressure).  Such  a  solution  mixed  with  blood 
should  not  and  does  not  alter  the  water  contents  of  the  corpuscles. 
One  may,  in  fact,  use  a  0  7  per  cent,  .solntiini  of  sodium  chlorid  with- 
out causing  any  noticeable  hemolysis,  and  this  strength  of  sohition 
is  generally  employed  in  infusions  and  experimental  work;  it  con- 
stitutes what  is  k-nown  in  the  laboratories  as  normal  saline  or  physio- 


*  For  fi  full  consiilcrftllon  of  osmotic  pressure  in  its  relations  to  ph>-sio- 
logical  nroceswea.  set*  Hamburger,  "  0«niotischer  Dnick  und  loncjilehre." 
Wiealmden,  1902. 
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lofpcal  saline.  If,  however,  one  uses  a  lower  concentration  some  of 
the  corpuscles  are  hemolyzed,  and  the  number  of  roriJiiades 
destroyed  and  the  rapidity  of  the  hemolysis  increase  rapidly  with 
the  lowering  of  the  osmotic  pressure.  While  a  0.7  per  cent,  s^alution 
of  so<liuni  clilorid  suffices  in  most  eases  for  infusions  and  for  diluting; 
hUnxl,  it  does  not  entirely  replace  the  nonnal  plasma  or  senun,  ^ince 
these  liquids,  in  addition  to  the  sodium  salts,  contain  salts  uf 
calcium,  potassium,  magnesium,  etc.,  eacli  of  which  has  doulitless 
a  certain  specific  irapxirtance.  In  diluting  hlood  outside  the  l>ody, 
when  the  dilution  is  large,  better  results  are  obtained  tjy  usin/a:  what 
is  known  a^  Ringer's  mixture,  which  consists  of  the  physiological 
saline  solution  plus  small  amounts  of  potassium  and  calcium 
chlorid.     One  formula  for  Ringer's  solution  is: 


Sodium  rhloriil 
CaJeium  rdloriii 
Potassium  chloric! 


0.7      per  cent. 
(I.((25    "        '* 
U.U3      *'        '* 


Hemolysis  Ctmsed  by  Uic  Action  oj  Hcfnolysins. — It  has  long  been 
known  that  the  serum  of  one  animal  may  (lestroy  the  red  corfjuscles 
of  another  animal.  Thus,  nibhits'  bkK>d  corj'juscles  added  Ui  the 
clear  serum  of  a  dog,  cat,  or  man  are  rjuk-kly  destrf>yed»  with  the 
liberation  of  their  hemoglobin.  This  action  was  fonnerly  described 
under  the  term  " globulicidal  action  of  senim,"  and  was  compared 
to  the  similar  destruction,  bactericidal  action,  exhiljited  by  serum 
toward  some  bacteria.  In  more  recent  literature  the  term  hemol- 
ysis has  replaced  that  of  '*  globuliculal  action/'  and  the  hemolytic 
effect  that  a  senim  may  exert  upon  foreign  corpuscles  is  attributed 
to  the  presence  in  it  of  certain  sul)stance8  which  in  general  are  classed 
as  hf*molysins.  This  hemolytic  action  is  not  due  to  a  simple  differ- 
ence in  osmotic  pressure.  The  senims  of  the  diflferent  nuinmialia 
hjive  all  approximately  the  same  osmotic  pressure;  the  differences 
are  too  slight  to  explain  the  effects  ol)served.  Moreover,  if  the 
serum  use<l  is  heated  to  55°  C.  its  hemolytic  action  is  tlestroyed, 
although  no  noticeable  change  occurs  in  the  osmotic  pressure.  In 
addition  to  the  hemolysins  found  nonnally  in  the  blood  of  different 
ftT>imftl«  it  was  shown  first  by  Bordet  *  that  they  may  be  produced 
arHfietAlly .  The  serum  of  guinea  pigs  has  little  or  no  effect  normally 
on  the  re<i  corpuscles  of  rabbits'  blood.  If.  however,  one  injects 
into  a  guinea  pig  a  little  rabbits'  blofxl  and  repeats  the  process  several 
times  at  intervals  of  a  day  or  so  it  will  he  found  that  the  blood  of  this 
particular  gidnea  pig  has  now  a  strong  hemolytic  action  toward  the 
red  corpusclf^  of  rabbits.  Moreover,  the  action  is  s[>ecific, — that  is, 
the  serum  is  hemolytic  only  towani  the  red  corpuscles  of  the  species 
whose  blood  was  injected  into  it.  The  process  of  producing  a  specific 
•  Bordet,  "Annales  de  Tlnst.  Piurteur,"  1895. 
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be  pndDttd  by  the 
Any  fdengn  cell  in- 
tjwfaiwiri  into  the  body  aeeme  to  eel  forth  the  pfodnrtinn  of  an 
Muiimir  body  rapehle  of  dBBtroying  only  that  partiiinikr  Jand  of  cdL 
l\iieDPa  or  taadaie  pfodneed  in  this  my  mar  be  liraacnated  in  general 
M  eyUAcadtm, — that  in,  cdl  poiaoftt,— and  it  is  bcfieved  that  speclBc 
tOKina  aie  frnwiuced  or  may  be  pioduced  for  eaeh  kind  of  cell.  Itn- 
mnntring  with  spennatoiDa  gires  rise  to  a  apermotosin  in  the  blood 
of  the  aoimal  trnmamxed,  whfle  injertkn  of  red  corpuscles  cauaes 
the  fonnatiao  of  a  hemotoxiQy  or,  as  it  is  unaDy  caHevi  in  this  ease. 
beiiiol3r8in.  As  the  chemical  nataie  of  this  leaction  is  beyond  our 
pteaent  knowledge,  it  is  designated  frequently  as  the  biological  reac- 
tion of  the  living  substance.  In  the  case  of  some  of  the  natural 
hemoiysina  referred  to  abo\-e  it  has  also  been  shown  that  they  are 
eomposed  in  reality  of  two  bodies,  each  neceesark'  to  the  reaction , — 
one  the  oomi^ement,  de&tio>'ed  by  heating;,  and  ozie  comparable  to 
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*  For  •  brief  statement  of  tbe  derdofMBent  of  the  subject,  see  Wa 
SMiio.  "Immune  Sera,  Uemol.rsinfl,   Cytotoxuu,   and    FVecipitins,"    tn 
bled  by  Boldiun.  New  York.  I9M.     For  a  more  emended  re\iew  see  / 
"Zcft«ehrift  f.  allc:emptne  Phywiolofie/'  1.  69.  1902 
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the  immune  body,  but  in  this  case  designated  as  the  iiiterhndy  or 
intemieclian-  IkkIv,  since  it  is  not  produced  \>\  immunization. 

8jjeaking  in  generai  terms,  the  seniru  of  any  mutual  is  more  or 
Imb  hemolytic  in  regard  to  the  blootl  corpu.sdea  of  an  aninjal  of 
ant  tht^r  species;  but  great  differences  are  shown  in  this  respect.  The 
blood-serum  of  the  horse  shows  but  Utile  hemolytic  action  ujwn  the 
red  eorpiiscles  of  the  rabbit  when  compared  with  the  effect  of  the 
serum  of  the  dog  or  cat.  I^eln'  senuu  haa  a  remarkably  strong 
hemolytic  action  upon  the  red  corpuscles  of  most  mammals;  a  ver>- 
minute  quantity  of  this  senmi  (O.Ol  c.c.)  injected  into  the  veins  of  a 
rabbit  will  cause  hemolysis  of  the  corpuscles  and.  as  a  conse(juence, 
tfie  apjiearance  of  bloody  urine  (hemoglobinuria).  It  should  Iw 
added  that  this  curious  toxic  or  lytic  effect  of  foreign  senmis  is  not 
confineil  to  the  reii  corpuscles.  They  contiiin  cytotoxins  that  affect 
also  other  tissue  elements,  especially  those  of  the  central  nen'ous 
SA'stem,  and  may  therefore  cause  ileath.  As  little  as  0.(14  c.c.  of 
eels'  serum  injcctetl  into  a  small  rabbit  will  cause  the  death  of  the 
tmal.  the  fatal  effect  l>eing  due  apparently  to  an  action  on  the 

motor  anil  respinitt>r>'  center  in  thr»  medulla.  The  hemolytic 
and  generally  toxic  effect  of  foreign  sera  has  l>een  known  for  a  long 
time.  It  was  discovered  practically  in  the  numerous  attempts  made 
in  former  years  to  transfuse  the  blof»d  of  one  animal  into  the  veins 
ol  another.  It  has  been  found  that  this  process  of  transfusion  as  a 
means  of  combatting  severe  hemorrliage  is  dangenius  unless  the 
blood  is  taken  from  an  animal  of  the  same  or  a  nearly  related  8f)ecie8. 

Ifature  and  Amount  of  Hemoglobin. — Hemoglobin  is  a  very 
complex  substance  h»eIonging  to  the  group  of  combine*]  proteids. 
I'nder  the  influence  of  heat,  acids,  alkalies,  etc.,  it  may  be  broken 
up,  with  the  formation  of  a  simple  proteid,  glohin.  belonging  to  the 
group  of  histons  (see  appendix)  and  a  pigmentt  hematin.  The 
f^bin  forms,  acconling  to  (Hfferent  estimates,  fnun  K6  to  f)4  per  cent. 
of  the  molecule.  an<l  the  hematin  al>out  4  per  cent.  ( )ther  8ul>- 
staooeBof  an  undetermine<l  character  result  frf>m  thedecoini>osition.* 
When  the  decompfjsition  takes  place  in  the  absence  of  oxygen,  the 
products  formed  are  globin  and  hemochromogen.  instead  of  globin 
and  hematin.  Hemochromogen  in  the  presence  of  oxygen  quickly 
undergoes  oxidation  to  the  more  stal»le  hematin.  Hoppe-Seyler 
has  shown  that  hemochromogen  possesses  the  chemical  grouping 
which  gives  to  hemoglobin  its  i:M>wer  of  combining  readily  with  oxy- 
gen ami  its  (hstinctive  absorption  spectrum.     On  the  basis  of  facts 

h  as  these,  hemoglobin  may  Ije  ilefined  a.s  a  com(»ound  of  a  proteid 
body  with  hematin.  It  .seems,  then,  that,  although  the  hemochn>- 
mogon  or  hematin  jx>rtion  is  the  essential  thing,  giving  tn  the  mole- 

*  Schuls,  "Zeitschrift  f.  physiologiftche  Chemie,"  24;  also  Lauraw,  ibid.. 
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cule  of  hemoglobin  its  valuable  physiological  properties  as  a  respira- 
tory pigment,  yet  in  the  blood  ctjrpusdes  this  substance  is  incorpr^ 
rated  into  the  much  larger  and  more  unstable  nujlccule  of  hemo- 
globin^ whose  behavior  toward  oxygen  is  different  from  that  of  the 
hematin  itself,  the  difference  lying  mainly  in  the  fact  that  the  hemo- 
globin as  it  exists  in  the  cor]>usc]es  forms  with  oxygen  a  compara- 
tively feeble  combination  that  may  be  broken  up  readily,  with  litier- 
ation  of  the  gas. 

HcHioglohin  is  widely  distributefJ  throughout  the  animal  king- 
dom, being  found  in  the  blood  corpuscles  of  mammalia,  birds, 
reptiles,  amphibia,  and  fishes,  and  in  the  blood  or  blood  corpuscles 
of  many  of  the  invertebrates.  The  composition  of  its  molecule  is 
found  to  var>'  somewhat  in  different  animals;  so  that,  strictly 
speaking,  there  are  [>robably  a  munber  of  different  forms  of  hemo- 
globin— all,  however,  closely  related  in  chemical  and  physiological 
pro jjer ties.  Eleinentar>'  analysis  of  iiogs'  hemogloijin  shows  the 
followipg  percentage  composition  (Jaciuet):  C,  53.91;  H,  6.62;  N, 
15.98;  iS,  0.542;  Fe,  0.333;  (),  22.62.  Its  molecular  formula  is 
given  as  C^sjH^j^gN^gjSjFeOjj^,  which  would  make  the  molec- 
ular weiglit  10,609.  Other  estimates  are  given  of  the  molecular 
formula,  but  they  agree  at  least  in  showing  that  the  molecule  is  of 
enonnous  size.  The  heniatin  that  is  split  off  from  the  hemoglobin 
ia  a  pigment  whose  constitution  is  relatively  simple,  as  is  indicated 
by  its  (XTcentage  formula,  C34H3,iV4l''e05  (Kustcr).  It  contains 
all  of  the  iron  of  the  original  hem*]globin  molecule.  Ciamgee  has 
called  attention  to  two  facts  which  seem  to  indicate  that  the  globin 
and  hematin  do  not  exist  as  such  in  the  hemogloliin  molecide. 
Thus,  hematin  is  magnetic,  ^t  hat  is,  is  attracted  by  a  magnet  .—while 
hemoglobin,  on  the  contrarv,  is  diamagnctic.  CJlobiu  alone  rotates 
the  plane  of  polarized  light  to  the  left,  Jevorotatory,  while  hemo- 
globin solutions  are  dextrorotatory*.  The  exact  amount  of  hemo- 
globin in  human  blood  varies  naturally  with  the  individual  and  with 
different  conditions  of  life.  According  to  Prcyer.*  the  average 
amount  for  the  adult  male  is  14  grams  of  hemoglobin  to  each  1(H) 
grams  of  blood.  It  is  estimat-ed  that  in  the  blood  of  a  man  weighing 
68  kilograms  there  are  contained  about  7.50  grams  of  hemoglobin, 
which  is  distributed  among  some  25,(MK),0<HK.(KH>,(MM)  of  corpuscles, 
giving  a  totitl  suj^erficial  area  of  about  'A2{){}  sipiare  meters.  Practi- 
cally all  of  this  large  surface  of  hemoglobin  is  availal>Ie  for  the 
absorption  of  oxygen  fnim  the  air  in  the  lungs,  for,  owing  to  the 
great  number  and  the  minute  size  of  the  capillaries,  the  blood,  in 
passing  through  a  capillary  area,  becomes  subdivided  to  siieli  an 
extent  that  the  red  corpuscles  stream  thnnigh  the  capillaries,  one 
may  say,  in  single  file.  In  circulating  through  the  lungs,  therefore, 
•"Die  Blutbr\'stalle."    Jena.  1871. 
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each  corpuscle  becomes  exposed  more  or  less  completely  to  the  action 
of  the  air,  and  the  utilization  of  the  entire  quantity  of  hemoglobin 
niuiit  be  nearly  jjerfect.  It  may  be  worth  wliile  to  call  attention  to 
the  fact  thai  the  biconcave  form  of  the  red  corpuscle  increases 
the  superficies  of  the  corjKiscle  and  tends  to  make  the  surface 
exposure  of  the  hemoglcibin  nmre  coniplete.  Inatninrenta  known 
ashemometers  or  hemogloliinonieters  have  \jcqt\  devised  for  clinical 
use  in  determining  the  amomit  of  hemoglobin  in  the  blood  of 
patientA.  A  nimiber  of  different  fonns  of  this  instnmient  are  in 
use.  In  all  of  them,  however,  the  dctenninatiou  is  made  with  a 
drop  or  two  of  blood,  such  as  can  be  oblainrd  wiih*ni(  difficulty 
by  pricking  the  skin.  The  amount  of  hemogloljiii  in  tlie  withdrawn 
blood  is  detenninetl  usually*  hy  a  colorimetric  methoti, — that  is,  its 
color,  which  is  due  to  the  hemoglobin,  is  compared  with  a  series  of 
•tandanl  solutions  containing  known  amounts  of  hemoglobin,  or 
with  a  wedge  of  colored  glass  wIkksc  coll^^  vahie  in  terms  of  hemo- 
globin lias  been  detennined  beforehand.  For  details  of  the  structure 
of  the  several  instnmients  employed  and  the  precautions  to  be 
obserxed  in  their  use  reference  most  be  made  to  the  laboratory 
guides.* 

Compounds  with  Oxygen  and  other  Gases. ^Hemoglobin  has 
the  property  of  uniting  with  oxygen  gas  in  certain  defmile  pro[K>r- 
tions,  forming  a  tnie  chemical  compound.  This  comf>ound  is  known 
as  oxyhemoglobin;  it  is  forme<l  whenever  blcM">tl  or  hemoglobin 
solutions  are  exposed  to  air  or  otherwise  brought  int<i  contact  with 
oxygen.  I^ach  molecule  of  hemoglobin  is  supposetl  to  combine  with 
one  molecule  of  ox>'gen.  According  to  a  determination  by  Hiifner,t 
the  0  capacity  of  the  HIj  of  ox's  blood  is  1.34  c.c.  O  to  each  gram  of 
Hh.  Oxyhemoglobin  is  not  a  very  firm  cam|x>und.  If  placed  in 
an  atmosphere  containing  no  oxygen,  it  is  dissociate<.l,  giving  off 
free  oxygen  and  Iea\'ing  behind  hemoglobin,  or,  as  it  is  often  called 
b)"  way  of  distinction,  '* reduced  henwgMnn/'  This  power  of  com- 
bining with  ox>'gento  form  a  loose  chemical  compound,  which  in  turn 
can  be  tlissociated  easily  when  the  ox>gen  pressure  is  lowered,  makes 
poeaable  the  function  of  hemoglobin  in  the  blooti  as  the  carrier  of 
of  ox}'gen  from  the  lungs  to  the  tissues.  The  details  of  this  process 
are  described  in  the  section  on  Respiration.  Hemoglobin  forms 
with  carbon  monoxid  gas  (CC))  a  compound,  similar  to  oxyhemo- 
globin; which  is  known  as  carbon  monoxid  hcmogloinn.  In  this 
eompound  also  the  union  takes  place  in  the  proportion  of  one 
molecule  of  hemoglobin  to  one  molecule  of  the  gas.  The  compound 
formed  differs,  however,  fn>m  oxyhemoglobin  in  being  much  more 
■table,  and  it  is  for  this  reason  that  the  breathing  of  carbon  mono.vid 


•See  Simon,  *'  A  Manual  of  Clinical  Oiapiorti!*." 
t  "Archiv  f.  Fhysiologie."  1S94.  \*.  130. 
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gas  is  liable  to  prove  fatal.  The  CO  unites  with  the  hemoglobin, 
fonning  a  firm  coiniK>un(l ;  the  tissues  of  the  body  are  thereby  pre- 
vented from  obtaining  their  necessary'  oxygen,  and  death  results 
from  suffocation  or  asphyxia.  Carbon  monoxid  forms  one  of  the 
constituents  of  coal-gas.  The  well-known  fatal  effect  of  hrenthing 
coal-gas  for  some  time,  as  in  the  case  of  individuals  sleeping  in  a 
nx)m  in  which  gas  is  escaping,  is  traceable  directly  to  the  carbon 
monoxid.  Nitric  oxid  (NO)  forms  also  with  hemoglobin  a  definite 
compound  that  is  even  more  stable  than  the  CO  hemoglobin;  if. 
tlierefore.  this  giis  were  brought  into  contact  with  the  blood,  it 
would  cause  death  in  the  same  way  as  the  CO. 

Oxyhemoglobin,  carbon  monoxid  hemoglobin,  and  nitric  oxid 
hemoglobin  are  similar  compounds.  Each  is  formeil,  apparently, 
by  a  <lcfinite  combination  of  the  giis  with  the  henmtin  ].Kirtion  of  the 
hemogloi>in  molecule,  and  a  given  weight  of  hemoglobin  unites 
presumably  with  an  erjual  volume  of  each  gas.  In  marked  contrast 
to  these  facts,  Bohr*  has  shown  that  hejnoglobin  fonns  a  conii^ouml 
with  carlion  dioxid  gas,  cnrboh€mmjlobin,\n  wluch  the  quantitative 
relationship  of  the  gas  to  the  hemoglobin  differs  from  that  shown 
by  oxygen.  In  a  mixture  of  O  and  CO,  the  latter  gas  is  absorbetl  by 
hemoglobin  solutions  iiulependently  of  the  oxygen,  so  that  a  solu- 
tion of  hemoglobin  nearly  saturated  with  oxygen  will  take  up  O), 
as  though  it  held  no  oxygen  in  combination.  Bohr  suggests,  there- 
fore, that  theO  and  the  CO,  mustimite  with  different  portions  of  the 
hemoglobin — the  oxygen  with  the  pigment  portion  and  the  CO,  possi- 
bly with  the  proteid  portion.  Although  the  arnoinit  of  CXI,  taken  up 
by  Ihc  hemogloi)in  is  not  influenced  by  the  amount  of  O  alreatly  in 
combination,  the  reverse  relatioaship  does  not  hold  in  all  cases.  It  is 
found  that  the  presence  of  the  CO,  loosens,  as  it  were,  the  combina- 
tion l>etween  the  hemoglobin  and  the  oxygen  so  that  the  oxyhemo- 
globin dissociates  more  readily  than  would  othenvise  be  the  case. 
ThLs  is  observed  at  least  wfien  the  oxygen  is  under  a  low  pressiire, 
such  as  occurs,  for  instance,  in  the  capillaries  of  the  tissues.  The 
importance  of  this  fact  in  regard  to  the  oxygen  supply  to  the  tissues 
is  referred  to  more  explicitly  in  the  section  on  Respiration. 

Presence  of  Iron  in  the  Molecule. — It  i.s  jirobable  that  iron 
is  quite  generally  present  in  the  animal  tissues  in  connection  with 
nuclein  compounds,  but  its  existence  in  hemoglobin  is  noteworthy 
])ecausc  it  has  long  l:)een  known,  and  l>ecause  the  important  proj^rty 
of  combinini;  with  oxygen  seems  to  he  connected  with  the  presence 
of  this  clement.  According  to  the  analyses  made,  the  pro[)ortion 
of  iron  in  hemoglobin  varies  somewhat  in  difFcrent  animals:  the 
figures  given  are  from  0.333  to  0.47  [ht  cent.  The  amount  of 
hemoglobin  in  blood  may  l)e  determitunl,  therefore,  by  making  a 
♦  '•  Skaudinaviaches  Archiv  I.  Physiologie,"  3,  47,  1892,  and  16,  402,  15KH. 
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quantitative  determination  of  the  iron.  The  amount  of  oxygen 
with  which  henioglohin  will  cnmhine  may  l>e  expresaetl  hy  siiying 
that  one  nioleoule  of  oxygen  will  Ije  fixetl  for  each  atom  of  imn  in  the 
hemoglobin  molecule.  In  the  deeomposition  of  hemoglobin  into 
globin  and  hematin,  which  has  been  spoken  of  above,  the  iron  is 
retained  in  the  hematin. 

Crystals. — Hemoglobin  may  be  obtained  readily  in  the  form  of 
cnstals  (Fig.  168).  As  usually  prepared,  these  cr>'stals  are  really 
oxyhemoglobin,  but  it  has 
been  shown  that  re<luce<l 
hemoglobin  also  ciystallizes, 
although  with  more  fliffi- 
cul  t  y .  Hemoglobin  from 
the  blood  of  different  ani- 
mals varies  to  a  marko<i 
degree  in  respect  tx>  the 
power  of  crvstallization. 
From  the  blood  of  the  rat, 
dog.  cat,  guinea  pig,  and 
horse,  crv'Stals  are  readily 
obtained,  while  hemoglobin 
from  the  bloo*l  of  man  and 
of  moet  of  the  vertebrates 
cn'stallize^  much  less  easily. 
.Methoils  for  preparing  and 
purifying  these  crystals  will 
be  foun<l  in  works  on  phys- 
iological chemistn'.  To  ob- 
tain specimens  quickly  for 
examination  under  the  mi- 
cposcope,  one  of  the  most 
certain  methods  is  to  take 
fpme  blood  from  one  of  the 
loumsls  whose  hemoglobin 
cr>*stalli?ies  easily,  place  it 
in  a  test-tube,  a<l<I  to  it  a 

few  ilroiw  of  ether,  shake  the  tube  thoroughly  until  the  blood  be- 
comes laky» — that  is,  until  the  hemoglobin  is  discharged  into  the 
plasma, — und  then  place  the  tul>e  on  ice  until  the  cr>*8tals  are 
flepofiited.  Small  portions  of  the  cr\'stalline  sediment  may  then  be 
remove<l  io  a  glass  slide  for  examination.  According  to  Reichert, 
the  deposition  of  the  cr\*stal.s  is  hastened  by  adding  ammonium 
oxalate  to  the  blood  in  t|uantities  sufficient  to  make  from  1  to 
5  per  cent,  of  the  mixture.  Hemoglobin  from  different  animals 
vanes  not  onJy  as  to  the  ease  with  which  it  crystallizes,  but  in  some 


Frrjj) :  a,  b,  Crywliu-*  front  venous  blixnl  at  man: 
c,  Trom  tb«  bickod  of  a  cat;  rf.  from  the  blr>od  oi 
a  Kuiitea  pig*  <.  from  tbe  blciod  of  a  hanuter; 
/,  from  iha  bloi 


n-MtatUced   bemoKlobin    (ali«r 
b,  VryHtlU!^  front  venous  Wtx 
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394 


BLOOD    AND    LYNfPH. 


cases  also  as  to  the  form  that  the  crystals  take.  In  man  and  in  rncist 
of  the  mununalia  henioglohin  is  deposited  in  the  form  of  rhomhic 
prisms;  in  the  guinea  pig  it  crv'stallizes  in  tetrabedra  (rf,  Fig.  168), 
and  in  the  s<[iiirre]  in  hexagonal  plates.  This  differenre  in  cr>'stal- 
line  fomi  implies  some  fliffereiice  in  molecular  atnicture,  and  taken 
together  with  other  known  variatinas  in  pnijjerty  show-n  by  henn»- 
gloljin  from  different  animals  lead  us  to  believe  that  the  huge  mole- 
cule has  a  labile  structure,  and  that  it  ma}'  differ  somewhat  in  its 
molecular  comiiosition  or  atomic  arrangement  without  losing  its 
physiological  profx?rt>'  of  an  oxygen-farrier.  In  this  connection 
it  is  interesting  to  state  that  the  hemoglobin  of  horses'  blood,  which 
cPt'stallizes  ordinarily  in  large  rhombic  prisms,  may  be  made  to  give 
hexagonal  crystals  by  allowing  it  to  untiergo  putrefaction,  and  that 
the  form  of  the  crA'stals  may  then  lie  changed  from  hexagons  to 
rhombs  by  varying  the  temperature  of  the  solutions.*  The  crv'stals 
are  readily  soluble  in  water,  and  by  repeated  crystallization  the 
hemoglobin  ma>'  be  obtained  perfectly  pure.  As  in  the  case  of 
other  soluble  proteid-Hke  bodies,  solutions  of  hemoglobin  are 
precipitated  by  alcohol,  by  mineral  acids,  by  salts  of  the  hea\'>' 
metals,  by  boiling,  etc.  NotwithstiiiRling  the  fact  that  hemoglobin 
crs'stallizes  so  readily,  it  is  not  easily  dialyzable,  Ijehaving  in  this 
respect-  like  proteids  and  other  colloidal  liodies.  The  compounds 
which  hemoglobin  forms  with  carbon  monoxid  (VO)  and  nitric  oxid 
(NO)  are  also  crystalHaable,  the  crj'stals  being  isomorphous  Math 
those  of  oxyliemoglobin. 

Absorption  Spectra. — Solutions  of  hemoglobin  and  its  deriv- 
ative comjjounds,  when  examinetl  witli  a  spectroscope,  give 
distinctive  absorption  bands. 

Light,  when  made  to  pass  throujc^h  a  glass  priflm,  ia  broken  up  into  iU 
constituent  rays,  piving  the  play  of  rainl^>ow  colors  known  as  the  specfrum. 
A  sp(*ct rr>8copo  is  an  appftratua  For  prodnring  and  observing  a  sppctniin.  A 
simple  fonn,  which  ilhjstratea  sufficient ty  well  the  construction  of  the  appara- 
tus, is  shown  in  Ki^.  HiO,  F  beine  the  eliuw  pritsm  pivirtg  the  spectrum.  lAgUx 
falls  upon  this  prism  through  the  tube  {A}  to  the  left,  known  as  the  "colli- 
mntor  tuUc/'  A.slit  at  the  end  of  this  tul)e  (.S')  admits  a  narn>w  slice  of  light- 
lamplight  or  Runlight — which  then,  by  mraiis  of  a  convi^x  lens  at  the  other 
end  of  the  tube,  is  made  to  fall  uijon  the  prism  {P)  with  its  rays  parallel.  In 
pacing  through  the  priflm  the  rays  are  dispersed  by  unocjua!  refraction,  gi%'ing 
a  spectrum.  The  Hpectrum  thus  produced  i.s  examined  by  the  ob8er\'er  witli 
the  aid  of  the  telescope  (H),  When  the  telescope  is  prcjperly  focuaed  for  the 
rftVH  entering  it  from  the  prism  (P).  b  clear  picture  of  tne  sp«»ctrum  is  seen. 
The  length  of  the  spectrum  will  depend  upon  the  nature  and  the  number  of 
the  prisms  through  which  the  light  is  made  to  pass.  For  ordinar>-  purposes  a 
short  spectrum  is  preferable  for  hemoglobin  bands,  and  a  speetrriscope  with  one 
prism  IS  generally  used.  If  the  simrce  of  light  ie  a  lamp  flume  of  some  kind, 
the  spectrum  is  conlinuous.  the  colors  gradually  merging  one  into  another 
from  red  to  violet.  If  sunlight  is  used,  the  spectrum  will  be  crossed  by  h 
number  of  narrtjw  dark  lines  known  us  the  "  Fraunhofor  lines."  The  position 
of  these  lines  in  the  solar  spectrum  is  fixed,  and  the  more  distinct  ones  are 

♦  Uhlik,  "  Archiv  f.  d.  gesammte  Physiologje,"  ICM,  64,  1904. 
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<iesigtuited  by  blt«re  of  the  alpliabet,  A ,  B,  C,  D,  E,  etc.,  as  shown  in  the  charts 
below.  If  while  using  solar  light  or  an  artilicial  light  a  solution  of  any  sub- 
stAnoc  which  t^vw  abaorption  Ijuiids  is  ho  piact.'d  iu  front  of  the  slit  that  thi* 
li^t  U  obUgcd  to  traverac  it,  the  spictruui  as  obser\'e<l  throtigh  the  telescope 
will  8how  one  or  more  narrow  or  broad  black  bancis  that  arc  eharacterifitic 
of  the  suhist&ace  used  and  constitute  ite  abBon)tioii  HpfM^truni.  The  positioB^ 
of  these  bands  may  lie  draigiiatod  by  describing  their  relations  to  the  Fraun- 
hofcr  lines,  or  more  directly  by  stating  the  wayc  len^lis  of  tin*  portions  of 
the  spcctrura  beiwoen  which  aljsorption  takes  place.  Some  -Spectroscopes  an* 
prtivided  with  a  wale  of  wave  lengths  miporposed  on  the  speclnjm,  and  when 
properly  adjusted  this  scale  enables  one  to  read  off  directly  the  wave  lengths 
of  any  part  of  the  spectrum. 

Wlien  very  dilute  solutions  of  oxyhenuiglohin  are  oxamined  with 
the  8pectro6cope,  two  absorption  bands  appear,  \Mi\\  occurring  in 


V\g.  1(K>. — SpMlrortOopo:  P.  The  glam  prism :  A.  the  collimator  tuJ)«.  nhoirine  the  «llt,  3, 
ihrouch  which   tb«   li^t   is  a<lciilt«tl:    B,  the   telttscupe   for  ul>Hur>'inft   the  .tpectrum. 
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the  portion  of  the  spectrum  included  between  the  Fraunhofer  lines 
D  and  E,  The  hand  nearer  the  red  end  of  the  Bpectnim  ia  known 
as  the  "a-band":  it  is  narrower,  darker,  and  more  clearly  defined 
than  the  other,  the  ")9-band"  (Fig.  170).  With  a  solution  con- 
taining O.Of*  per  cent,  of  oxYhenioglohin,  and  examined  in  layers  one 
centimeter  thick,  the  a-band  extends  over  the  part  of  the  spectrum 
included  between  the  wave-lengtha  X  583  ixn^)  %  Smr  *^^  ^  millimeter) 
and  il  571,  and  the  ^9-band  between  I  55()  and  X  532  (Gamgee). 
The  width  and  distinctneiw  of  the  bands  var>'  naturally  with  the 
concentration  of  the  solution  useti  (see  Fig.  171),  or,  if  the  con- 
centration remains  the  same,  with  the  width  of  the  stratum  of  liquid 
through  which  the  light  passes.     With  a  certain  minimal  percentage 
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of  oxyhemoglobin  (less  than  i).(»l  per  cent.)  the  fi-ba.ml  is  lost  and 
the  a-bam!  is  vcn*  faint  in  layers  one  centimeter  thick.     With 
stronger  solutions  the  bands  l>ecome  darker  and  wider  and  finally 
fnse,  while  s<>me  of  the  extreme  red  end  and  a  great  deal  of  the  violet  j 
end  of  the  spectnnn  is  also  ahsorljed.     The  variations  in  the  abs<jr(>- j 
tion  spectnini,  with  difTerences  in  concentration,  are  clearly  shown ( 
in  the  accompanying  illuatration  fmm  Rollett*  (Fig.  171) ;  the  thirk- 


FiiE.  170.— Tihteof  absorptinn  sp^ctrft  {ZifrnkennA  yfnUer'):  1.  Absorption  irwrtrum 
nf  nxy )ienii»(tU)bin.  dilute  ooIurioD:  2.  ftbs<>r|itmn  »|>cclruiu  uf  reduced  bunnfflubiii;  3,  %\t- 
Borptmn  s[>cclruni  of  niHliomogiobin,  tieulrui  Milution;  4,  kbeorptiao  spectrum  of  ihpi- 
licniuK'"l'ii>>  alkaline  Milulutn  ;  5,  absorption  f|>ectnini  01  bemfttin,  acia  sulutioo ;  6.  ab- 
BorptioD  spectrum  uf  hemntui,  alkaline  soiutioa. 


ness  of  the  layer  of  liquid  is  sup(x>sp<I  to  l>e  one  centimeter.  Tlie 
numbers  on  the  right  indicate  the  percentage  strength  of  the  oxyhem- 
oglobin solutions.  It  will  be  noticed  that  the  absorption  which 
takes  place  as  the  concentration  of  the  solution  increases  affects 
the  red-orange  end  of  the  sjiectrum  liist  of  all. 

Solutions  of  re<luce*l  hemoglobin  examine<l  with  the  epectroecopc 
•  Htrmann's  ''Handbuch  der  Physiologie,"  voL  iv,  1880. 
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show  only  one  absorption  band,  known  sometimes  as  the  "r  band." 
This  band  lies  also  in  the  portion  of  the  spectrum  inclu<iccl  between 
the  lines  f)  and  E;  its  relations  to  these  lines  and  the  bands  of 
oxyhemoglobin  are  shown  in  Fig.  170.  The  r-lmnd  is  much  more 
diffuse  than  the  oxyhemoglobin  bands,  and  its  Uniits,  therefore, 
especially  in  weak  solutions,  are  not  well  defined;  in  solutions  of 
ibloixi  diluted  100  times  with  water,  which  would  give  a  hemoglobin 
solution  of  atx>ut  0.14 
per  cent.,   the  absoqv  I 

tion  band  lies  in  the 
part  of  the  spectrum 
included  between  the 
wave  lengths  i  572  and 
i  542.  The  width  and 
distinetneas  of  this  band 
varv'  also  with  the  con- 
centration of  the  solu- 
tion. This  variation  is 
sufTiciently  well  shown 
in  the  accompanying 
illustration  (Fig.  172). 
which  is  a  companion 
figure  to  the  one  just 
given  for  oxyhemo- 
globin (Fig.  171).  It 
will  be  noticed  that  the 
last  light  to  be  absorbed 
in  this  case  Ls  partly  in 
the  red  end  and  partly 
in  the  blue,  thus  ex- 
plaining the  purplish 
color  of  hemoglobin  so- 
lutions and  of  venous 
blood.  Oxyhemoglobin 
solutions  can  be  con- 
verted to  hemoglobin 
snhitions,  with  a  corresponding  change  in  the  spectrum  bands,  by 
phicing  the  former  in  a  vacuum  or,  more  conveniently,  by  adding 
re<hicing  solutions.  The  solutions  moat  commonly  used  for  this 
purpose  are  ammonium  sidphld  and  Stokes's  reagent.*  If  a  solu- 
tion of  reduced  hemoglobin  is  shaken  with  air,  it  quickly  changes  to 

*Stoke«*«  i^agent  ii>  an  ammoriJHo&l  solution  of  a  ferrous  ^aJt.  It  i^  mmle 
by  lilaeolving  2  ports  (by  weight)  of  ferrous  sulphate,  adding  3  parts  of  tar- 
taric acid,  and  then  ammonia  to  difltinct  alkalmc  reactioa.  A  penuanpiit 
precipitate  aliould  not  be  obtained. 


Fi^.  171. — Dia^nkin  to  »hnw  the  yarifttioiu  io  the 
»l>»on>ti'tn  !<i)e4-trum  of  oKyherrKtfclMhin  with  varying 
concent  ml  iot»  of  th»  Milutinn. — (After  Kolletl.)  TJie 
numhpr^  t>i  t\i^  riKht  givr  t\m  Mrrngth  of  the  oxy- 
b«mofElnbin  w>)uttnn  in  perp«ntag»>:  the  lettere  friye 
the  |MMilion>4  of  the  Frvunhofer  linen.  To  a.<*<<erfain 
the  anuiunt  of  Kh<uirr>tion  for  any  Kiven  cuncentnition 
up  to  1  per  rent.,  drew  »  horisontal  line  arniM  the 
dtAtfTBin  at  the  leveJ  rorreiitiKindinK  to  the  cuncvnira- 
tion.  Where  thi«i  line  pataaa  tbrouch  the  «baded  part 
of  the  (liaitmn)  aliMirption  takes  pUc«.  and  the  tndlh 
of  the  alM^rption  banda  b  nea  at  onise.  ThediaKrau 
nhows  clearly  Ihal  the  amount  of  ahwtrption  inereana 
aM  the  MilutfonK  become  more  concentrated.  e«[jecially 
the  ftbiorptioii  of  Iho  bhic  end  <tf  i\te  hpeclrum.  11 
will  be  noticed  itiat  with  concenlrelioni*  between  O.ft 
and  0.7  per  cant,  the  two  bands  between  D  and  £  iium 
into  one. 
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oxyhemoglobin  and  gives  two  bantis  instead  of  one  when  e:^ 
ined  through  the  spectro8coi)e.    Any  given  solution  may  be  chac 
in  this  way  from  oxyhemoglobin  to  bemoglobin,  and  the  reverse,  i 
great  nuni}>er  of  times,  thus  ilemonstniting  the  facility  with  which' 
hemoglobin  takes  up  and  surrenders  oxygen. 

Solutions  of  carbon    monoxiti    iiemoglohiu    alst>  give  a   bj 
trum    with    two  absorpti<m    bands    closely   resembling    in    poai-  ^ 
tion   antl   appearance    those   of   oxyhemoglobin.     They  are    tiis- 

tinguished  from  thej 
oxyhemoglobin  bandsi 
by  being  slightly 
nearer  the  blue  end 
of  the  spectrum^  aa 
may  be  demonstrated 
by  observing  the  wave 
lengths  or,  more  con- 
veniently, by  sujjer- 
posing  the  two  sj.iectra. 
Moreover,  solutions  of 
carbon  monoxid  hem- 
oglobin are  not  re- 
duced to  hemoglobinj 
by  adding  Stokes'a 
liquid,  two  bands  l)e- 
ing  still  seen  aft^^rsuch 
treatment.  A  solu- 
tion f>f  carbon  mon- 
oxid hemoglobin  suit- 
aljle  for  sj^ectroscopic 
examination  may  \ye 
prepared  easily  by 
passing  ordinary'  coal- 
gas  through  a  dilute  oxyhemoglobin  solution  for  a  few  minutes 
and  then  filtering. 

Derivative  Compounds  of  Hemoglobin. — There  are  a  numl>er 
of  pigmentary  bodies  which  are  formed  directly  from  hemoglobin 
by  decompositions  or  chemical  reactionn  of  various  kinds.  Some 
of  these  derivative  substances  occur  nttrmally  in  the  body.  The 
l^est  known  are  as  follows*: 

Mithrmoqlolnn. — When  blood  or  a  solution  of  oxyhemogK»bin 
is  allowed  to  stand  for  a  long  time  exj)osed  to  the  air  it  un^lergoes 


a!iC 


Kig.  172. — Diagism  to  show  the  varitttioiw  in  the  ab- 
sorption spectrum  of  reiiuc«d  hemoKl«')tMn  with  \-&rv- 
ing  conoentrAtitina  of  the  solution  (after  HtUlrtt).  Tne 
Dumben  to  the  riKbt  cive  Ibe  strength  of  (he  herno- 
i^ubin  wlution  in  peroeotaiien;  the  lett«r«  frive  th«  posi- 
tions nt  th«  Fraunhofer  lines.  For  further  dirM^tiona 
s<^  to  the  u««  of  the  diagram,  are  the  tle-M^riptioii  of  Fig. 
171. 


♦  For  more  detailed  information  wmcpming  the  chemistry  and  literattire 
of  tlipsp  comi>ounds  see  Hammarstpn,  "Physiological  t'hemifltry,"  transh'itetl 
by  Mnndel,  lourlh  c-dition,  1904;  Cohnheim,  "('hemic  dcr  KiweLsskOqxT," 
second  edition,  1904. 
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a  change  in  color,  taking  on  a  brownish  tint.  Tliis  change  is  due  to 
Uie  fonnation  of  metheraoglohin,  and  it  is  said  that  to  sr>nie  extent 
the  transition  occurs  very  soon  after  tlie  blood  is  exjxised  to  the  air, 
and  that,  therefore,  determinations  of  the  quantity  of  hemoglobin 
by  the  onlinar>^  rolorimetric  methods  should  l)e  made  promptly  to 
avoid  a  deterioration  in  rolor  vahie.  Methemogh»bin  may  be 
obtained  rapidly  by  the  action  of  various  reagents  on  the  blood, 
aome  of  them  oxidizing  substances,  such  as  j;)enuanganatc  of  potash 
or  ferrieyanid  of  potash^  some  of  them  reducing  substances.  In- 
deed, it  is  known  that  the  change  may  occur  within  the  blootl- vessels 
by  the  action  of  such  l>odJes  as  the  nitrites,  antifebrin,  acetanilid, 
etc.  According  to  most  observers,  methenioglofjin  contains  the 
same  amount  of  oxygen  as  hemoglobin ;  it  is  combined  differently, 
however,  fonuing  a  more  stable  compoimri,  which  can  not  be  dis- 
sociated by  the  action  of  a  vacuum.  On  this  account,  therefore, 
niethemoglobin  is  not  capable  of  acting  as  a  respirators^  pigment, 
and  to  the  extent  that  it  is  formed  in  the  blood  this  tissue  suffers  a 
loss  of  its  functional  value  as  a  carrier  of  oxygen.  By  the  stronger 
action  of  re<hicing  solutions — such  as  ammonium  sulj>hid — the 
oxygen  may  be  remove<l  from  the  nictheniogjoltin  and  reduced 
hemoglobin  be  obtained.  Mcthcmoglobin  fr>*stallizcs  in  needles^ 
and  its  solutions  give  an  absorption  spectrum  which  varies  ac- 
wirding  as  the  solution  is  neutral  or  has  an  alkaline  reaction.  In 
neutral  solutions  the  characteristic  band  is  one  in  the  orange,  as 
imlicateil  in  Fig.  170.  In  alkaline  solution  the  absorption  spectnim 
has  three  bands,  two  of  which  are  nearly  identical  with  those  of 
oxyhemoglobin. 

Htmoiin  (Cj^Hj^N^FeOj)  is  obtained  when  hemoglobin  is  de- 
composed by  the  action  of  acids  or  alkalies  in  the  presence  or  oxygen. 
It  may  occur  in  the  feces  if  the  diet  contains  hemoglobin  or  hematin, 
or  in  case  of  hemorrhages  in  the  stomach  or  small  intestine,  since 
both  the  pancreatic  and  the  gastric  secretion  break  up  hemoglobin, 
with  the  formation  of  hematin.  It  is  an  amor[)hous  substance,  of  a 
dark-brown  color,  easily  soluble  in  alkalies  or  in  acid  alcoholic  s^jIu- 
tions.  These  solutions  give  a  characteristic  absorption  spectrum 
which  is  represented  in  Fig.  170. 

Hrmin  (CjjH„O^N,l'eCI)  is  regarde4l  as  the  hydrochloric  acid 
er  of  hematin  and  is  obtained  by  the  action  of  HCl  U[>*^n  blood 
viously  treated  with  alcohol.  The  compound  is  obtained  in  the 
form  of  cr>stals,  which  imder  the  microscope  appear  usually  as 
jpiail^  rhombic  plates  of  a  dark-i)rown  color.  These  cn'stals  may 
^%e  obtained  from  small  rjuantities  of  !>lood  stain«i,  etc..  no  matter 
how  old,  and  they  have  l)een  relied  upon,  therefore,  as  a  sure  and 
eas>'  test  for  the  existence  of  blotKi, — that  is,  hemoglobin.  I'he 
test  is  one  timt  has  l>een  much  used  in  metlicolegal  cases,  and  may 
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be  carried  out  iis  follows:  A  bit  of  dried  blood  is  powdered  with  a 
few  crystals  of  NaCl.  Some  of  the  i>owder  is  placed  upon  a  glass 
slide  and  covered  with  a  cover-slip.  By  means  of  a  pipette  a  drop 
or  two  of  glacial  acetic  acid  is  run  under  the  slip,  and  then  by  ilraw- 
ing  the  slide  re|x?atedly  through  a  Haine  the  acid  is  evaporated  to 
dryness,  taking  care  not  to  heat  the  acid  so  high  as  to  r-ause  it  to 
boil.  After  the  evaix)ration  of  the  acid  water  is  run  under  the  slip 
and  the  sjiecimen  is  ready  fur  examination  with  the  microscope. 

H cmochrofnoge7i  (C ^^H^^K ^FeO j^  ?)  is  obtained  when  hemoglobin 
is  decomposed  by  acids  or  alkalies  m  the  absence  of  free  oxygen.  By 
oxidation  it  is  converted  to  hematin.  Hemochromogen  is  crystal- 
line, and  gives  a  characteristic  absorption  s|)ertnuii. 

Hemaloporphf/rin  (C^  JlaaN/.)^)  differs  from  the  |>recetling  deriv- 
atives of  hemoglobin  in  that  it  contains  no  imn.  It  may  l>e  ol>- 
tained  from  hematin  by  the  action  of  strong  acids,  and  is  of  much 
physiological  interest  because  of  its  relationshiji  to  the  bile  jiigments, 
which,  like  it,  are  irr>n-free  derivatives  of  the  hemoglobin.  In  old 
blood-clots  or  extravasations  it  has  long  been  known  that  a  colored 
crystalline  pn>duct  may  be  formefl.  Tliis  product  was  designated 
aa  hematoidin  Ijy  \'irchow  and  later  was  stated,  on  the  one  hand,  to 
be  identical  with  the  bile  pigment,  bilirubin,  and,  on  the  other  hand, 
to  lie  isomeric  with  hematojtorjdiyrin.  Later  obsen'ers  have 
prepared  from  hematoporphyrin  by  careful  reduction  a  sutetance 
designated  as  meaojxirphyrin.  It  contains  one  less  oxygen  atoiti 
than  the  hematoporphyrin,  and  Is  claimed  to  l>e  identical  with 
hematoidin.  Another  fact  of  great  general  interest  is  that  from 
plant  chlorupliyl  there  may  be  prx'pared  a  compound,  ]ihyllojx>rphy- 
rin,  very  similar  to  the  mesoporphyrin.  It  would  api^ear  from  this 
relationship  that  the  red  coloring  matter  of  the  blood  and  the 
green  cnlnring  matter  of  plants  are  compounds  that  have  some 
similarity  in  clicmica!  stnicture. 

H istokemniiris. — Th'ia  mime  is  a  general  tenn  that  has  been  given 
to  the  coloring  matter  found  in  the  tissues,  so  far  as  it  has  the 
property  of  taking  up  oxygen.  The  red  coloring  matter  in  some 
muscles  is  an  example  of  such  a  comixnmd  and  has  been  designated 
specifically  as  myohcmatin.  According  to  most  obserx'ers,  myo- 
heroatin  is  identical  with  hemoglobin, — that  is,  the  muscle  substance 
contains  some  hemoglobin, — and  we  may  supjKise  that  its  presence 
in  the  tissue  furnishes  a  further  means  for  the  transportation  of 
oxygen  to  the  muscle  prot<^)pla5m. 

Bile  Pigments  ami  Urinary  Pigments. — Both  of  these  pigments  are 
referred  to  in  the  description  of  the  composition  of  bile  and  urine. 
In  this  connection  the  fact  may  lie  emphasized  that  each  of  them  is 
supposed  to  be  derived  from  hemoglobin,  and  each  constitutes,  so 
to  speak,  a  form  of  excretion  r)f  hemoglobin. 
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Origin  and  Fate  of  the  Red  Corpuscles. — The  mammalian  red 
corpuscle  is  a  cell  that  lias  lost  it^  nucleus.  It  is  not  probable,  (here- 
fore, that  any  given  corpuscle  lives  for  a  great  while  in  the  circulation. 
'Hiifl  18  made  more  certain  by  the  fact  that  hemoglol)in  is  the  mother 
substance  from  which  the  bile  pigments  are  made,  and,  as  these 
piigments  are  being  excreted  continually,  it  is  fair  to  supix>8e  that 
red  corpuscles  are  as  steadily  undergoing  disintegration  in  the  blood- 
stream. Just  how  long  the  average  life  of  the  corpuscles  may  be 
hafl  not  been  determined,  nor  is  it  certain  where  and  how  they  go 
to  pieces.  It  has  l>een  suggested  that  their  destniction  takes  place 
in  the  spleen,  but  the  olisen^ations  advanced  in  support  of  this 
hypothesis  are  not  ver>'  numerous  or  conclusive.  Among  the  rea- 
sons given  for  assuming  that  the  spleen  is  especially  concerned  in 
the  destruction  of  red  corpuscles^  the  most  weighty  is  the  histo- 
logieal  fact  that  one  can  sometimes  find  in  teased  preparations  of 
spleen-tissue  certain  large  celts  wliich  coiiUun  re<l  corpuscles  in  their 
oell-«ul)stance  in  various  stages  of  dusintegration.  It  has  been 
supposed  that  the  large  cells  actually  Ingest  the  red  corpuscles, 
•electing  those,  presumably,  that  are  in  a  state  of  physiological  de- 
cKne.  Against  this  idea  a  number  of  objections  may  be  raised. 
Large  leucocytes  with  reii  corpuscles  in  their  interior  are  not  found 
so  frequently  nor  so  constantly  in  the  spleen  as  we  should  expect 
would  Ix*  the  case  if  the  act  of  ingestion  were  constantly  going  on. 
There  is  some  reason  for  believing,  indeed,  that  the  whole  act  of 
ingestion  may  be  a  postmortem  phenomenon;  that  is,  after  the 
eeaaation  of  the  blood-stream  the  amelxiid  movement*  of  the  large 
leucocytes  continue,  while  the  red  corpuscles  lie  at  rest, — conditions 
that  are  favorable  to  the  act  of  ingestion.  It  may  be  added  also 
that  the  blood  of  the  splenic  vein  contains  no  hemoglobin  in  solu- 
tion^  indicating  timt  no  considerable  dissolution  of  red  corpuscles  is 
taking  place  in  the  sj)le€n.  Moreover,  complete  extirpation  of  the 
spleen  does  not  seem  to  lessen  materially  the  normal  destruction 
of  red  corpuscles,  if  we  may  measure  the  extent  of  that  normal 
deetruction  by  the  quantity  of  bile  pigment  formed  in  the  liver, 
remembering  that  hemoglobin  is  the  mother-substance  from  which 
the  bile  pigments  are  derive<l.  It  is  more  probable  that  there  is  no 
special  organ  or  tissue  charged  with  the  function  of  destroying  red 
corpuscles,  but  that  tliey  imdergo  disintegration  and  dissolution 
while  in  the  blood-stream  and  in  any  part  of  the  circulation,  the 
liberated  hemoglol)in  l>eing  carried  to  the  liver  and  excreted  in  part 
as  bile  pigment.  The  continual  destniction  of  red  corpuscles 
implies,  of  course,  a  continual  formation  of  new  ones.  It  has  l)een 
shown  satisfactorily  that  in  the  adult  the  organ  for  the  repmduction 
of  re<l  corpuscles  is  the  red  nmmiw  of  iKjnes.  In  this  tissue  hema- 
topaUsis^  as  the  process  of  formation  of  red  corpuscles  is  termed,  goes 
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on  cunlinuaHy,  the  proceas  betng  znuefa  inrwiwrl  after  I 
aod  in  certain  pathrJngKal  cooditiot».  The  detaik  oi  the 
logical  changes  wiD  be  fotrnd  in  the  text-books  of  fasCofeer. 
■nffirient  here  to  state  simply  that  a  groop  of  mieleatecL  ' 
eelb,  erythroUasta,  is  found  in  the  red  manuw.  These 
multiply  b>-  kan'okinesis,  and  the  daoghter-cella  e\'entuany  pioduce 
bemo^bin  in  their  cytoplasm,  thus  fonning  nucleated  red  cor- 
puscles or  normoUasU.  The  nuclei  are  sobeequentlT  lost,  either  b>' 
disintegration  or  by  extniaioo,  and  the  newly  formed  noo-nudeated 
red  corpuscles  (erv'throcytes)  are  forced  into  the  blood-stream, 
owing  to  a  gradual  change  in  their  position  during  dev^opment 
caused  by  the  gnywing  hematopoietic  tissue.  When  the  proceas  is 
greatly  acoelerated,  as  after  severe  hemorrhages  or  in  cntain 
pathological  conditions,  red  corpuscles  still  retaining  their  audei 
(normoblasts)  may  be  found  in  the  circulating  blood,  having  been 
forced  out  prematurely.  Such  corpuscles  may  subsequently  lose 
their  nuclei  while  in  the  blood-stream.  In  the  embr>'o,  hemsr 
topoietic  tissue  is  found  in  parts  of  the  body  other  than  the  marrtm. 
notably  in  the  liver  anri  spleen,  which  at  that  time  serve  as  organs 
for  the  production  of  new  red  corpuscles.  In  the  blood  of  the  young 
embr>'o  nucleated  red  corpuscles  are  at  first  abundant,  but  they 
l)ecome  less  numerous  as  the  fetns  grows  older.* 

Variations  in  the  Number  of  Red  Corpuscles. — The  a\'eiage 
number  of  red  corpuscles  for  the  adult  male,  as  has  been  stated 
already,  is  usually  given  as  OtOOO.OOO  per  c.mm.  The  number 
is  found  to  vary  greatly,  however,  (^itside  pathological  con- 
ditions, in  which  the  fiiminution  in  nimiber  may  be  extreme,  dif- 
ferences have  been  obser\'ed  in  human  beings  under  such  conditions 
as  the  following:  The  number  is  less  in  females  ( 4,500 .OUO) ;  it  \'aries 
in  individuals  with  the  constitution  nutrition,  and  manner  of  life; 
it  varies  with  age,  l>eing  greatest  in  the  fetus  and  in  the  new-bom 
child ;  it  varies  with  the  time  of  the  day,  showing  a  distinct  diminu- 
tion after  meals;  in  the  female  it  varies  somewhat  in  menstruation 
and  in  pregnancy,  being  slightly  increased  in  the  former  and  di- 
minished in  the  latter  condition. 

Variation  with  Altitruic. — Perhaps  the  most  interesting  of  the 
conditions  that  may  influence  the  number  of  the  blood  corpuscles 
is  a  change  in  altitude.  Attention  was  first  directed  to  this  point 
by  Bert.t  who  lielievetl  that  the  fliminishe<l  supply  of  oxygen 
in  hij!;h  altitudes  may  be  compensated  by  an  increased  amount  of 
hemoglobin,  and  subsequently  ViaultJ  demonstrated  that  living  for 


♦Howell:    "Ijfe   Hisrtory  of  the  Blood  Corpiisoles."  etc..  "Journal  of 
Morpholo(?y,"  IHOO.  vol.  iv. ' 

T  Bert,' "La  pressioti  harom^rique,"  1878,  p.  IIOS. 

X  Vinult.  "Coniptra  rendus  de   I'acadtoie  dee  sciences/'  IK90  and  1891. 
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r&iliort  timeat  ven-  high  altitudes  (44XK)  meters)  causes  a  marked  in- 
creaae  in  the  numl>erof  red  corptisrles, — an  increase,  for  instance, 
from5,(M»0,0(K)  per  c.mm.  to  7.(HM».iHM)or  even  S,tK)n.Or)n.  Tills  fact 
has  since  l>een  invcstij^utcii  with  ^reat  care  l)v  a  large  numljer  of 
obeerx'CfBAnd  under  a  great  variety  of  condittfrns.  The  ol>scrviition 
has  been  abundantly  confimieti,  and  indeed  it  would  seem  that  the 
reaction  takes  place  ver>'  quickly.  Within  twenty-four  hours, 
according  to  some  ol>ser\"ers.  and  in  less  time,  according  to  others 
who  Jiave  experimented  during  balloon  ascensiiuis  ((iaule,  HalHon, 
and  Tiasot),  the  increase  in  the  numlx-r  of  corpuscles  may  be  de- 
tected, although  the  maximum  increase  r-omes  on  more  gradually. 
According  to  Kemp,*  the  number  of  lAood  plates  is  also  greatly 
increased  by  high  altitudes,  while  the  leucocytes  are  not  affected. 
There  has.  however.  I>een  much  difference  of  opinion  as  to  whether 
this  increase  in  numl>er  of  the  red  corf)uscles  is  relative  or  absolute, 
— that  is.  whether  the  total  number  of  re<l  corpuscles  in  the  blood, 
and  therefore  probably  the  total  amoTuit  of  hemoglobin,  is  increased, 
or  whether  it  is  simply  an  ap|;)arcnt  iufreiise  due.  for  instance,  to  a 
diminution  in  the  water  of  the  blootl  and  a  consef|uent  concentration 
as  regards  the  nuinl>er  of  corpuscles.  The  results  published  upon 
these  questions  are  so  conflicting  that  it  is  difficult  to  make  any 
podtive  statements  at  present.  One  may,  however,  believe  that 
the  increasetl  numlx^r  or  concentration  of  red  corpuscles  is  an  adap- 
tation by  means  of  which  the  oxygen-carri'ing  capacity  of  the  blood 
is  raised  to  compensate  for  the  diminished  amount  of  oxygen  in  the 
air.  Accortling  to  one  set  of  observers,  this  adaptation  is  bnnight 
about  by  an  actual — that  is,  an  absolute — increase  in  the  total 
nunil)er  of  red  corpuscles,  and  therefore  in  the  tcjtal  amount  of 
hemoglobin.  According  to  tliis  explanation,  one  must  assume  that 
the  diminished  amount  of  oxygen  in  the  air  at  high  altitudes  or 
some  other  condition  peculiar  to  these  altitudes  acts  as  a  stimulus 
to  the  blrK>d-forming  tissues  (red  niarrow)  and  augments  the  output 
of  corpuscles.  According  to  another  set  of  observers,  the  adap- 
tation is  brought  about  by  a  concentration  of  the  l»l^>od-  The  lilood- 
plasma  is  reduce<I  in  quantity,  perhaps  by  transudation  of  water 
into  the  tissues,  and  therefore  the  number  of  rmI  corpuscles  and  the 
amount  of  hemoglobin  become  greater  for  each  <rubic  millimeter. 
If  we  aasume  that  this  smaller  bidk  of  blood,  more  concentrated 
in  corfmscles  and  hemoglobin,  circulates  more  rapidly,  then  also 
the  oxygen-carr>'ing  capacity  of  the  blood  is  increased.  Recent 
e\idence  seem  to  favor  this  latter  explanation,  particularly  as 
regards  the  nearly  immeiliate  effects  of  a  change  in  altitude. 
AWerhalden,  for  instance,  has  shown  that,  if  animals  of  the 
same  species  and  same  litter  are  bled  tx>  death  and  the  total 
•  Kemp,  ••.\nierican  Journal  of  Physiology,"  10,  34,  VJ04. 
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white  corpuscles.  They  have  a  polymorphic  nucleus  like  the  pre- 
ceding fnt)up,  but  difTer  in  the  fact  that  the  granules  in  the  cyto* 
pLaam  are  strongly  hiwophilic, — that  is,  will  Rtain  only  with  basic 
ayee,  such  aa  thiooin. 


According  to  most  of  the  authors  who  have  stiuiied  the  ap- 
pearance and  variation  in  number  of  t!iose  cells  under  i^athobgical 
conditions,  the  small  lyniphocyt**^  are  cells  that  have  an  origin  and 
function  different  from  those  of  the  gmnular  leucocyt-es.  While 
the  latter  are  supposed  to  originate  from  cells  (leiicohlastB.  my- 
ek)cytes)  in  the  bone  marrow,  the  lymphocytes  are  j»roducctl  in  the 
nodules  of  the  lyniph  glands  and  lymphoid  tissue,  and  enter  the 
blood  through  the  lymph  circulation.     Another  view  maintained 

tby  aome  authors  is  that  the  various  wliite  corpuscles  in  the  blood 
lepresent  different  stages  of  development.  Arcordinp;  to  this  view, 
the  small  lymphocytes  as  received  fnjm  the  hmph  rirculation  are 
the  young  or  immature  form,  and  thej-  develop,  while  in  the  circu- 
lation, through  the  stages  represented  by  the  large  lymphocytes 
and  tlie  mononuclear  leucocytes  tf»  the  mature  form,  the  poly- 
morphonuclear leucocytes. 

Variations  in  Number. —  I'nrlcr  normal  conditions  the  total 
number  of  leucocytes  may  show  considenibic  variation;  the  aver- 
age numl>er  in  health  varies  usually  lx?tween  5(K»0  and  70(J0 
jjer  cubic  millimeter.  A  distinct  increase  in  number  is  designated 
as  a  condition  of  lci4cocytosis^  a  marked  diminution  as  a  contHtion  of 
IfurofHfiin.  l^ucocytosis  occurs  nmlcr  various  normal  conditions, 
such  as  digestion,  exercise  or  cold  baths,  pregnancy,  etc.  The 
variations,  relative  or  absolute,  under  pathological  conditions,  have 
been  sttidied  with  exhaustive  care  as  an  aid  to  tiiagnosis  and  classi- 
fication. 

Functions  of  the  Leucocytes. — Perhaps  the  most  striking 
property  of  the  leucocytes  as  a  class  is  their  |x)wer  of  making 
aniplMiid  movements, — a  characteristic  which  has  gained  for  them 
the  sobriquet  of  "wandering"  cells.     By  virtue  of  this  property 

»some  of  them  are  able  to  migrate  through  the  walls  of  blood  capil- 
laries into  the  surrounding  tissues.  This  process  of  migration  takes 
place  normally,  but  is  vastly  accelerated  under  pathological  con- 
ditions. As  to  the  function  or  functions  fulfille<l  by  the  leucocytes, 
numerous  suggestions  have  l>een  made,  some  of  which  may  lje 
stated  in  brief  form  as  follows:  (1)  They  protect  the  lx)dy  from 
pathogenic  bacteria.  In  explanation  of  this  action  it  has  l>een 
suggested  that  they  may  either  ingest  the  bacteria,  and  thus  destroy 
_  rheni  directly,  or  they  niay  form  certain  substances,  defensive 
proteids,  that  riestroy  the  bacteria.  leucocytes  that  act  by  ingests 
ing  the  liacteria  are  sj)oken  of  as  ''phagocytes'*  {ipdyEiv,  to  eat; 
/»>r»<,  crell).     This  theor}'  of  their  function  is  usually  designated  as 
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the  "phagocytosis  theor>'  of  Metchnikoff";  it  is  founded  upon  the 
fact  that  the  urnehoid  leucocytes  are  known  to  ingest  foreign  par- 
ticles with  whieh  they  come  in  contact.  The  theory-  of  the  protec- 
tive action  of  leucocytes  has  l^een  used  largely  in  pathc)log>*  to 
explain  immunity  from  infectious  diseases,  and  for  details  of  experi- 
nientfci  iii  support  of  it  reference  must  l>e  made  to  text-lK)okfl  of 
pathologi'.  (2;  They  aid  hi  the  absorption  of  fat.s  from  the  intestine. 
(3J  They  aid  in  the  absorption  of  peptones  from  the  intestine.  It 
may  be  noticed  here  that  thevse  theories  appl\-  to  the  leucocytes  found 
so  abundantly  in  the  lymphoid  tissue  of  the  alimentan*  canal,  rather 
than  to  those  C(jntained  in  the  hloo<l  itself.  (4)  They  t^ke  part  in 
the  process  of  blood  coa^lation.  A  complete  statement  with 
reference  to  this  function  must  be  reserved  until  the  phenomenon  of 
coaguhition  is  described.  (5)  They  help  to  maintain  the  normal 
com[>osition  of  the  blood-plasma  in  proteids.  It  may  be  said  for 
this  view  that  there  is  consideral>le  evidence  to  show  that  tlie 
leucocytes  normally  undergo  disintegration  and  dusaohition  in  the 
circulating  blood,  to  some  extent  at  least.  The  blood  proteids  are 
peculiar,  ami  they  are  not  formed  tiirectly  from  the  digested  food. 
It  is  possible  that  the  leucocytes,  which  are  the  only  typical  cells  in 
the  blood,  aid  in  keejiing  up  the  normal  supply  of  pn^teiils.  From 
this  stand|x>int  they  might  be  regarded  in  fact  a.s  unicellular  glands, 
the  products  of  their  metabolism  serving  to  maintam  the  normal 
composition  t\i  the  blood-phisma.  The  formation  of  granules  within 
the  eubsUmee  of  t!^e  eosiniiphiles  offers  a  suggestive  analog\'  to  the 
accumulation  of  zymogen  granules  in  glandular  cells. 

Physiology  of  the  Blood  Plates. — The  blood  plates  are  small, 
circular  or  elliptical  bodies,  nearly  homogeneous  in  structure  and 
variable  in  size  (0.5  to  5.5  ft),  but  they  are  always  smaller  than  the 
red  corpuscles.  Less  Ls  known  of  their  origin,  fate,  anri  functions 
than  in  the  case  of  the  leucocytes.  When  removed  from  the  circu- 
lating blood  they  are  kno\vn  to  disintegrate  very  rapidly.  This 
]M;cidiarit;V,  in  fact,  prevented  them  from  lieing  discovered  for  a  long 
time  after  tiie  blooil  liad  been  studied  microscopically.  It  has  been 
shown  that  they  are  formed  elements,  anrI  not  simply  precipitates 
from  the  plasma,  as  was  suggested  at  one  time.  The  theor>'  of 
Hayem,  their  real  discoverer,  that  they  develop  into  red  corpuscles 
may  also  be  considered  as  erroneous.  There  is  considerable  evi- 
dent!e  to  show  that  in  shed  blood  they  take  part  in  the  process  of 
coagulation.     The  nature  of  this  evidence  will  be  described  later. 

l)n  account  of  their  small  size  and  somewhat  indefinite  fonn  the 

stnicture  of  the  blood  plates  is  not  satisfactorily  known.     Deetjen* 

has  demonstrateil  that  they  are  capable  of  ameboid  movements. 

When  removed  from  the  blood  ^'essels  to  a  glass  slide  they  usually 

*  '•  Virchow's  Archiv  f.  path.  .\nat.  u.  Phywol-,"  104,  239,  1901. 
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agglutinate  into  larger  or  smaller  masses,  swell,  and  disintegrate, 
but  if  re<*ei\'ed  iiix>n  a  surface  of  agar-agar  which  has  been  made  up 
with  physiological  saline,  together  witli  some  sodium  nietaplios- 
phat«  (K^IPo^),  they  flatten  out,  show  a  central  granular  portion 
and  a  peripheral  clear  layer,  and  ma}'  make  ciuite  active  ame- 
boid movements.  Deetjen  claims  also  that  tliey  possess  a  distinct 
nucleus.  This  latter  statenu^nt  is  i>erhaps  doubtful,  as  other  ob- 
■ervers*  rei>ort  tliat  the  material  which  stains  like  a  nucleus  is 
present  as  se|)arate  granules  in  the  interior  of  the  plate.  These 
granules,  though  doubtless  of  nuclear  material,  do  not  have  the 
aioq)hoh)gical  api>earance  of  a  cell  muleus.  It  n^mains,  therefore, 
uncertain  whether  the  l>lood  plates  are  to  l>e  considered  as  inde- 
pendent cells  or  as  fragments  of  disintegrated  cells.  (_)n  account 
of  their  tendency  to  agglutinate  and  dissolve  when  the  blood  Is  shed 
it  is  difficult  to  obtain  reliable  data  as  to  their  numljcrs  under 
normal  and  i)atholoKical  conditions.  They  are  more  numerous 
than  the  leucocytes,  and,  according  to  Kemp,  an  average  valuation 
would  be  al)out  -j^^  the  number  i>f  the  red  corpuscles.  Out-side  the 
part  that  they  take  in  the  fontiation  of  thrond>i  and  in  the  initia- 
tion of  coagulation,  nothing  ia  known  of  their  function  under 
normal  conditions. 

*  Kemp,  *' Aniericaa  Journal  of  Physiology,"  6,  11,  m)2. 


CHAPTER  XXm 

CHEMICAL  COBlPOSma?  OF  THE  BLOOD-PLASHA;   CO- 
AGULATION; QUANTITY  OF  BLOOD;  REGENERA. 
TION  AFTER  HEHORRHAGE. 


Composition  of  the  Plasma  and  Corpuscles.— Blood  (plasma 
and  corpuscles)  contains  a  great  vaxietr  of  subetanoes,  as  might  be 
inferred  from  its  double  relations  to  Ifae  tissues  as  a  souroe  of 
nutrition  and  a^  a  naeaos  of  remo%'ing  the  waste  products  of  thdr 
functional  activity.  The  constituents  that  may  be  present  in 
normal  blood-plasma  are  in  part  definitely  known  and  in  part 
entirely  unknown  from  a  chemical  standpoint.  Some  idea  of  the 
complexity  of  the  composition  may  be  obtained  from  the  following 
table: 

COMPOSITION    OP    THE    BLOOD-PLASMA, 

Water,  Uxtgsn,  Cajibos'  DioxtD,  Nitbogex. 

'  Fibrinogen. 

Paraglobulin  {  ^'^^,-^ 

Serum-tilb  umin . 
N  ucleo-tUbumin. 
'  Fats. 
Sugar. 
I'rea. 
Jecorin. 

Ghicurotiic  acid. 
Lecitliin. 


Proteida. 


Extractives, — that  i«,  substances  other 
than  proteids  that  may  be  e.x- 
trarted  from  tlie  driwl  residue  by 
water,  aioobol,  or  ether. 


Salts. 


SnMyvut  and  unknowns. 


of 


'  Sodium. 
Potassium. 
Calrium. 
Mapicsium. 
Iron. 


ChoIestPfin 
La4?tic  acid. 

Qilorids 
Carbonates 
8ulphatt*s 
Phosphateji 

Internal  secretions. 

Immune  bodies  (Aniboi^ptors). 
Complementa. 

A  ntimber  of  detailed  rhemiral  analyses  of  the  blood  of  diflferent 
animals,  so  far  as  its  constituents  can  be  deterrainetl  by  analytical 
methods,  have  been  reported  at  different  times.    The  following 
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table,  taken  from  Abderhalden  *  and  shownng  the  com]x>sition  of 
dogs'  blooci^  may  serve  as  an  example: 

1000  Parts,  bt  1000  Parts,  bt  1000  Parts,  bt 

Wbiout.  or  Blood       Wkight.  or  Se-      Weight,  or  t'oKru*- 

CoNTAix  *vu  Contain  clu  Contaim 

Water    810.05  023.UJS  044.20 

Solids 189.95  70,02  355.75 

Hemoglobin 133.4                          327.52 

VTt^U'ui 39.68  60.14  9.918 

Supir 1.09  1.82 

aKUcsterin   1.298  0.709  2.155 

LrcitKin    2.052  1.699  2.568 

Fat 0.631  1.051 

fUty  nci<ls 0.759  1 .221  0.088 

aa  uui'ksin 0.054  0.016  0.1 10 

X«,0 3.675  4.203  2.821 

ILO 0.251  0.226  0.289 

FeUJ,  .                O.tm                       1.673 

CiiO 0.062  0.113 

MM..                  0.052  0.040  0.071 

a . , . .                    2.935  4.023  1.362 

PA 0.809  0.242  1.635 

Inorgiuiic ; 

PjD, 0.576  0.080  1.298 

The  same  constituent's  in  much  the  same  proportions  are  found 
in  the  blcK:»d  of  all  the  nianuiialia  examined.  The  nmount  of  proteid 
in  the  serum  is  greater  in  some  cases  than  in  uthors, — in  the  <Iog, 
for  instance,  aeconhng  to  Ahderhulden's  analyses,  the  proteid 
amountfi  to  only  6  per  cent.,  while  in  the  horse  it  may  be  7  or  8  per 
cent.  So  also  there  are  small  variations  in  the  amount  of  choles- 
terin,  sugar,  and  other  constituents,  but,  on  the  whole,  the  composi- 
tion of  the  hijuitl  part  of  the  blood,  blood-senmi  or  blood-plasma, 
is  remarkably  uniform  so  far  as  chemical  analyses  po.  We  know, 
however,  that  the  physiological  properties  of  mammalian  sera  may 
Vie  ver>*  different  indeed;  that  the  serum  of  a  dog,  for  instance,  will 
kill  a  rabbit  when  injected  into  its  vessel.  Such  physiological  dif- 
ferences as  this,  however,  depend  upon  constituents  which  can  not 
be  define<l  or  detennined  by  chemical  means.  The  chemical  com- 
position of  the  blood-serum  differs  from  that  of  the  red  corpuscles  in 
a  number  of  resi>ect8  in  addition  to  the  presence  of  hemoglobin  in 
the  latter.  The  corpuscles  contain  no  sugar  nor  fat,  a  larger  amount 
of  cholesterin,  lecithin,  phosphoric  acid,  and  potassium,  and  less 
oodium  and  chlorin.  The  red  corpuscles  of  different  mammalia 
abow  a  remarkable  variation  in  the  amount  of  potassium  salts 
contained.  Thus,  according  to  Brandenburg,  1000  parts  by  weight 
of  the  retl  corpuscles  contain  the  following  amounts  of  KjO  in 
diiTerent  mammalia;  Cat,  0.258:  dog,  0.257;  man,  4.294;  horse, 
4.057;  rabbit.  5.229. 

*  ''Zeituchnft  f.  physio logische  Chemie,"  25,  88,  1898. 
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Proteids  of  the  Blood-plasma. — The  general  properties  and 
reactions  of  proteids  and  the  related  compounds,  as  well  as  a  classi- 
fication of  those  occurring  in  the  animal  body,  are  described  briefly 
in  the  appendix.  This  description  r^lumld  Ije  read  before  attempt- 
ing to  study  the  proteids  of  fhe  plasma  and  the  |)art  tliey  take  in 
coagulation.  Three  proteids  are  usually  described  as  existing  in  the 
plasma  of  circulating  blood, — namely,  fibrinogen,  |jaraglobulin, 
or,  as  it  is  sometimes  called,  **senim-globulin/*  and  serum-albumin. 
The  first  two  of  these  proteids,  fibrinogen  and  paraglobulin,  l>el(jng  to 
the  group  of  globulins,  and  hence  have  many  i>niperties  in  common. 
Serum-albumin  belongs  to  the  group  of  so-called  '"  native  albumins*' 
of  wliicii  egg-albumin  constitutes  another  member. 

Sentm-ulbumin. — 'I'his  substance  is  a  ty[)ical  i>rf)teiil.  It  can  !)e 
obtained  readily  in  crystalline  form  from  the  horse's  blood.  Its 
percentage  comjwsition,  according  to  Michel,  is  as  follows:  C,  53.08; 
H.  7.10;   N,  15.U3;  S,  1.00;  0,21.0(3. 

Its  molecular  composition,  acconling  to  Schmiedeljerg,*  may  be 
represented  by  C^^Hj^jN^^SO^^  or  some  multiple  of  this  formida. 
Senim-albumin  shows  the  general  reactions  of  the  imtive  albumins. 
One  of  its  most  useful  reactions  is  its  Ijelmvior  toward  magnesium 
sulphate  and  ammonium  sidphate.  Serum-albumin  usually  occurs  in 
liquids  together  with  the  globulins,  as  is  the  case  in  blood.  If  such 
a  liquid  is  thoroughly  saturated  with  solid  magnesium  sulphate  or 
half  saturated  with  amiuoaium  sulphate,  the  globulins  are  precipi- 
tated completely,  while  the  albumin  is  not  afifected.  So  far  as  the 
blood  and  similar  Uquids  are  concerned,  a  definition  of  senuu- 
albumin  might  J>e  given  by  saying  that  it  comprises  all  the  proteids 
not  precipitated  by  satunilion  with  magnesium  sulphate  or  by  lialf 
saturation  with  ammonium  sulphate.  When  its  solutions  have  a 
neutral  or  an  acid  reaction,  senim-albuniin  is  precipitated  in  an 
insoluble  form  by  heating  the  solution  above  a  certain  degree. 
Precipitates  produced  in  this  way  by  heating  solutions  of  pniteitla 
are  spoken  of  as  coagulations — heat  coagidations— and  the  exact] 
temperature  at  which  coagulation  occurs  is  to  a  certain  extent 
characteristic  for  each  proteid.  The  temjjerature  of  coagidation  of 
senmi-albumin  is  usually  given  at  from  70°  to  75°  C,  but  it  \arie3 
greatly  with  the  conditions, — for  instance,  with  the  reaction  of  the 
solution  or  its  concentration  in  salts.  It  has  been  asserted,  jn  fact, 
that  careful  heating  under  prof>er  conditions  gives  separate  coagula- 
tions at  three  different  temiwratures, — namely,  7'.\°,  77°,  and  >!4° 
C, — indicating  the  iK>ssibility  that  what  is  calle<[  "senini-all>unun" 
nmy  be  a  mixture  of  three  proteids.  Serum-albumin  occurs  in 
blooit-jjlasma  and  blooti-serum,  in  lymph,  and  in  the  different 
normal  and  pathological  exudations  found  in  the  Ix)dy,sucha8per- 
♦^'Archiv  f.  exper.  Pathol,  u.  Pharmakol,"  39,  X,  1897. 
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icanlinl  liquid^  hydracele  fluid,  etc.  The  amount  of  serum-albumin 
in  the  blofxl  varies  in  ilifferent  animals,  ranging  among  the  mam- 
malia from  2.67  j)er  cent,  in  the  horse  to  4.52  per  cent,  in  man.  In 
*some  of  the  cold-blooded  animals  it  occurs  in  surprisingly  small 
quantities. — 0..'J6  to  0.69  i^er  cent.  As  to  the  source  or  origin  of 
senim-albumin.it  is  frequently  stated  that  it  c<»nies  from  Ihe  digested 
pmteids  of  the  footl.  It  is  known  that  proteitl  material  in  the  food 
is  not  change<^l  at  once  U^  serum-albuniin  during  tiic  act  of  digestion; 
indeed,  it  is  known  that  the  final  products  of  digestion  are  a  group  of 
proteids  of  an  entirely  different  chanicter. — namely,  i)eptone8  and 
proteoses,  or  possibly  a  series  of  much  simpler  split  products;  but 
during  the  act  of  aljsorption  ijito  tlie  blood  these  latter  bodies  have 
been  supposed  to  undergo  transformation  into  serum-albumin.  From 
a  physiological  staniijxiint  senmi-a!l>umin  is  often  considere<l  to  l>e 
the  main  source  of  j)roteid  nourLnhment  for  the  ti.ssues  generally. 
As  will  be  explained  in  the  section  on  Nutrition*  one  of  the  most 
important  rccjuisites  in  the  nutrition  of  the  cells  of  the  body  is  an 
adcfpiat'C  supply  of  j)mteid  material  to  replace  that  used  up  in  the 
chemical  changes,  the  mctiilMtliam,  of  the  tissues.  Serum-albumin 
has  l>een  supposed  to  furnish  a  jtart,  at  least,  of  this  supply, 
although,  as  a  matter  of  fact,  there  is  no  substantial  pnjof  that  this 
view  is  correct.  As  long  as  the  senim-albumin  is  in  the  blood- 
vesBeJs  it  is,  of  course,  cut  off  from  the  tissues.  The  cells,  however, 
are  bathed  directly  in  lymph,  and  this  in  turn  is  formed  from  the 
plasma  of  the  blood  which  is  transude<J.  or,  according  to  some 
physiologists,  secreted,  through  the  vessel  walls. 

Pnraglobitlin,  which  belongs  to  the  group  of  globulins^  exhibits 
the  general  reactions  characteristic  of  the  group.  As  stated  above, 
it  is  completely  precipitated  from  its  solutions  by  saturation  with 
magnesium  sulphate  or  by  half  saturation  witli  ammonium  sulphate. 
It  is  incompletely  precipitated  by  saturation  with  common  salt 
<XaCl).  In  neutral  or  feebly  acid  solutions  it  coagulates  upon 
lieating  t<i  7.5°  C.  Haramarsten  giA'es  its  f)ercentage  composition 
as:  C,  52.71;  H,  7.iH  :  N,  15.8.5;  8,  1.11;  O.  23.32.  Schmiedeberg 
f^ves  It  a  molecular  composition  corresp>onding  to  the  formula 
C,,,H,,5X30''^O„  -f-  iHjO.  According  to  Faust»  the  precipitate  of 
parftglobulin  usually  obtaine<l  with  magnesium  sulphate  contains  a 
certain  amotint  of  an  albuminoid  body,  gluioUn.  which  he  believes 
to  he  a  constant  constituent  of  blood-plasma.  Paraglobulin  occunj 
in  bhxid,  in  lymph,  ami  in  the  normal  and  pathological  exudations. 
The  amount  of  paraglobulin  present  in  blood  varies  in  different 
animals.  Among  the  mammaHa  the  amount  ranges  from  1.78  per 
cent,  in  rabbits  to  4. .56  per  cent,  in  the  horse.  In  human  blood  it  is 
^ven  at  3.10  per  cent.,  being  less  in  amount,  therefore,  than  the 
jm-albumin.     It  is  usually  stated  that  more  of  this  proteid  is 
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of  tito  leaeocTtBB  disnite* 

■  a  ^obufin 
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with   %fnFHMiff|Tti 

i  does  not  behave 

Ekeaehesneal  imifkliMil  Pastia— ef  it,fQriii0laaee,areprBei|]i- 
Uled  fa^r  CO,  or  far  «ial^«tar  and  |MCtio—  are  noC  so  prmpitated. 
Rerenthr,  thaefoce,  h  baa  been  asaamed  that  pan^ohulin  is  in 
reality  a  auxture  of  tmo  or  pomSbkf  thiee  different,  altboagh  re- 
lated, pioteidB.  The  aepamtioa  tisaaHf  pven  is  into  eoglobulin 
aad  paBadogbbidfai,  eqglobvEa  being  the  purtion  pfeeipitated  by 
ainnMMHum  snlphatr  when  added  to  oae-thiid  saturation  (28  to  Zi 
per  eent.).  and  pseudoglobtilin  the  portioa  precipitated  only  by 
one-half  saturation  (34  to  50  per  eent.).  The  latter  portion  sbowa 
properties  more  aeariy  rdated  to  the  alhnnmw.*  The  whole  basis 
of  daanfication  is,  honererr  nnfiatirfartory  and  provisional  (see 
appemfix).  It  is  emi  stated  that  under  certain  conditions  of 
temperature  and  reaction  seftim-albumin  may  be  con\'erted  to  a 
elobulln  body  that  precipitates  upon  one-half  saturation  i^ith 
anunoniuni  sulphate.f  The  origin  of  paraglobulin  remains  unde- 
termined. It  ma\'  arise  from  the  digested  pcoteids  absorbed  from 
the  alitnentar>'  canal,  but  there  is  ik>  evidence  to  support  such  a 
view.  Another  suggestion  is  that  it  comes  from  the  disintegratinn 
of  the  leucocytes  (and  other  formed  elements)  of  the  blood.  These 
bodies  are  known  to  contain  &  small  quantity  of  a  globulin  resem- 
bling parsgiobulin,  and  it  is  poasible  that  this  globulin  may  be  liber- 
ated alter  the  dissolution  of  the  leucocytes  in  the  plasma,  and  thus  go 
to  make  up  the  normal  supply  of  paraglobulin,  Several  observersj 
have  claimed  that  during  star\ation  -the  proportion  of  globulins 
in  the  bIoo<l  is  increased  relatively  or  absolutely.  A  possible 
explanation  is  that  the  increase  is  due  to  cell  globulins  received  from 
the  tissues  which  must  undergo  destruction  and  dissolution  in  pro- 
longed fasting.  The  fact  remains,  however,  that  our  knowletlge  is 
too  incomplete  at  present  tn  venture  any  positive  statements 
regarding  the  origin  and  specific  functions  of  the  paraglobulin. 

Fibrinogen  is  a  proteid  belonging  to  the  globulin  class  and  exhibit- 
ing all  the  general  reactions  of  this  group.  It  is  distinguished  from 
paraglobulin  by  a  number  of  special  reactions:  for  example,  its 
temperature  of  heat  coagulation  is  much  lower  (56°  to  60®  C),  and 

♦  Porjces  and  Spiro,  "Beitruge  aur  chem.  Physiol,  u.  Pathol.,"  3,  277, 
IftOS:  and  Freund  and  Joachim/  "Zeitiwhrift  f.  phvsioloKische  Chtrmic,"  36, 
407    1902. 

't  Moli,  "Bcitrage  zur  chem.  Physiol,  u.  Pathol.  "  4.  561,  1903. 

J  See  St.  Githens.  "BeilrtRc  xur  chem.  Phvsiol.  ii.  Pathol./'  5.  515.  1(KM: 
also  I-€wiiieki,  "PfluRor's  Archiv  f.  d.  gesammte  Physiol,"  100,  Oil,  1903. 
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it  18  completely  throvm  down  from  its  solutions  by  saturation  with 
sodium  chlorid  as  well  as  with  magnesium  sulphate.  Its  most 
important  and  distinctive  reaction  is,  however,  that  under  proper 
conditions  it  gives  rise  to  an  insoluble  proteid,  fibrin,  whose  forma- 
tion is  the  essential  phenomenon  in  the  coagulation  of  blood. 
Fibrinogen  has  a  jjercentage  coni|K)miion,  according  to  Hanimar- 
Bten,  of:  C,  52.93;  H,  6.90;  N.  16.66;  S,  1.25;  0,22.26;  while  its 
molecular  composition,  according  to  Sclimiedeberg,  is  indicated  by 
the  formula  C|^gH,,jNjySOj^. 

Fibrinogen  is  found  in  blood-plasma,  lyni])h.  and  in  some  cases, 

though  not  always,  in  the  normal  and  ijathohi^iral  exudations.     It 

■is  absent  from  blood-serum^  facing  used  up  during  the  process  of 

>  clotting.     It  occurs  in  verj*  small  quantities  in  blood,  compart 

with  the  other  proteids.     There  is  no  good  method  of  determining 

juantit-atively  the  amount  of  fibrinogen,   but   e.stiniates  of   the 

Faoiouni  of  fibrin,  which  cannot  differ  very  much  from  the  fibrinogen, 

■ahow  that  in  human  blood  it  varies  from  0.22  to  tlA  i^er  cent.     In 

arse's  blood  it  may  be  more  abundant, — <l.65  i>er  cent.     Aa  to  the 

>rigin  and  the  special  physiological  value  of  this  proteid  we  are,  if 

ible,  more  in  the  dark  than  in  the  ca^  of  paragjobulin.  with  the 

Fexception  ttiat  fibrinogen  is  known  to  be  the  source  of  the  fibrin  of 

clotteil  blood.     But  clotting  is  an  occasional  phenomenon  only. 

Wlmt  nutritive  function,  if  any,  is  |K>ssessed  by  fibrinogen  under 

normal  conditions  is  unknown.     Xo  satisfactory  account  has  been 

liven  of  its  origin.     It  has  been  suggested  by  different  investigators 

'that  it  nuiy  come  from  the  nuclei  of  disintegrating  leucocytes  (and 

blooil  plates)  or  from  the  dissolution  of  the  extnided  nuclei  of  newly 

made  reil  corpuscles,  but  here  again  we  have  only  sfjeculations,  tliat 

can  nr»t  Ihj  accepted  until  some  exj)erimentul  proof  is  advanced  to 

supp<jrt   them. 

The  following  table*  gives  some  reeent  results  of  analyses  of 
blood  which  indicate  the  average  amounts  of  the  different  proteids 
in  the  blooil-plasma  of  several  animals.  The  figures  give  the  weight 
of  the  proteid  in  grams  for  UK)  c.c.  of  plasma. 

Seri'm- 
ToTAL  PnoTctue.     Albumin.     PARAuLOCirLiN.     Fibrinook.'v. 

Mao .  7.2t>  4.01  2.S3  0.42 

Oag 6.03  3.17  2.20  0.60 

Sheep 7.29  3  83  3.00  0.46 

Horse 8,04  2M)  4.79  0.46 

PiK  S.05  4.42  2.9S  0.65 

Other  Protnd.t  of  the  Blood-MTtim  or  Jilood-plajtma. — From  time  lo  lime 
other  pmteid  l>o(lif«»  have  l>een  d«H:rilM'ii  in  iht*  Merum  or  pliutina  of  the  blood. 
In  the  MTiiiii  »fter  compulation  Hummarsten  Uiis  nl>tuined  n  Ktohiitin  ixidv, 
fibrin-iflrtffuiin,  which  he  Mippo«efl  may  Iw  split  off  from  the  fihrino^pn  duniiK 
the  act  of  clotting.     Fausi,  as  wa-s  mentioned  alcove,  descinbes  au  ^Ubuiuiooid 

♦  Ix^winski.  loc,  cii. 
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mibstanoe.  ghtclin.  which  i.«  present  in  the  blood  and  U  usually  precipitAted 
logdber  with  the  paraglobulin.  A  Dumber  of  ob«er\er»  have  jioK^i  ihr-  ex- 
istence in  blood  of  a  prot«id  not  coagulated  by  heat.  By  some  authors  this 
has  been  described  as  a  peptone  or  an  albumose  (Langsterln ; ,  by  others  as  nn 
rivomuooid(Zanetti)and  by  otbos  still  (Chabri^)  as  a  peculiar  pruleid  for  which 
the  name  albJAmon  ha^  t^een  propoced.  By  others  MilJ  this  Don-coaguUble 
pn>teid  obtained  frotn  serum  or  plasma  has  been  evpLiined  as  an  artificial 
product  arising  from  the  ^^lobulins  of  the  blood  during  the  process  of  remov- 
ing the  ooa^labie  proteids bv  beatine.  So,  too.  nucleuproteid  substiuices  have 
bwn  descril>ed  in  the  blood-eerum  ny  several  obser\ers,  most  recently  byj 
Freund  and  Juachim.  It  is  quite  (xjasible.  however,  that  the  substance  de^^ 
cribed  as  nucleoproleid  is  in  reality  a  mixture  or  combination  of  lecithin  and 
proteid.  All  the  proteids  when  precipifatetl  from  the  hlood  carry  down  with 
them  some  lecithin,  and  will  therefore  show  a  reaction  for  phosphorus.  It 
can  be  shown  that  the  ph«=phorus  present  is,  in  most  cases  at  least,  remov- 
able by  boiling  with  alcohol,  and  there  i*  at  present  no  entirely  satisfactory 
proof  that  nucleo-albumins  exist  in  the  blooo.  J 

Coagulation  of  Blood. — One  of  the  most  striking  properties  ofl 
blood  is  its  power  of  clotting  or  coagulating  shortly  after  it  escapes' 
from  the  bloml-v-essela.  The  general  changes  in  the  blood  during 
this  process  are  easily  followed.  At  first  perfectly  fluid,  in  a  few 
minutes  it  becomes  \iscous  and  then  sets  into  a  soft  jelly  wliich 
quickly  becomes  firmer,  so  that  the  vessel  containing  it  may  be 
inverted  without  spilling  the  blood.  The  clot  continues  to  grow 
more  compact  and  gradually  shrinks  in  volume,  pressing  out  a 
smaller  or  larger  quantity  of  a  clear,  faintly  yellow  liquid  io  wliich 
the  name  blood-serum  is  given.  The  essential  part  of  the  clot  is  the 
fibrin.  Fibrin  is  an  insoluble  proteid  not  found  in  nonual  blood. 
In  shed  blood,  and  under  certain  conditions  in  blootl  while  still  in  the 
blood-vessels,  this  fibrin  is  formed  from  the  soluble  fibrinogen. 
The  deposition  of  the  fibrin  is  peculiar.  It  is  precipitateil,  if  the 
word  may  be  used,  in  the  form  of  an  exceedingly  fine  network  of 
delicate  threads  that  i>ermeate  the  whole  mass  of  the  bttXKl  and  give 
the  cint  its  jelly-like  character.  The  shrinking  of  the  threads 
causes  the  suljsetjuent  contraction  of  the  clot.  If  the  hhwd  has  not' 
been  disturbed  during  the  act  of  clotting,  the  red  corjjuscles  are 
caught  in  the  fine  Hbrin  meshwork,  and  as  the  clot  shrinks  these 
corpuscles  are  hekl  more  firmly,  only  the  clear  liquid  of  the  blood 
l>eing  squeezed  out,  so  that  it  is  possible  to  get  specimens  of  serum 
containing  few  or  no  red  corjjuscles.  The  leucocytes,  on  the  con- 
trary, although  they  are  also  caught  at  first  in  the  forming 
meshwork  of  fibrin,  may  reaiiiiy  pass  out  into  the  serum  in  the  later 
stages  of  clotting,  on  account  of  their  power  of  making  ameboid 
movements.  If  the  blood  lias  l>een  agitate<l  during  the  pn)cess  of 
clotting,  the  tlelicate  network  will  l>e  broken  in  places  and  the  serum 
will  be  more  or  less  bloody — that  is,  it  will  contain  numerous  red 
corpuscles.  If  during  the  time  of  clotting  the  blood  is  vigorously 
whipped  with  a  bundle  of  line  rods,  all  the  fibrin  is  deposited 
as  a  stringy  mass  upon  the  whip,  and  the  ren^aining  liquid  part 
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consiste  of  senim  plus  the  blood  corpuscles.  Blood  that  has  been 
whippe*!  in  lliis  way  is  known  as  "  defibrinated  ljJi>od."  It  reseniblea 
normal  blood  in  apj^earance,  but  is  different  in  its  composition;  it 
can  not  clot  again.  The  way  in  which  the  fibrin  is  normally  de- 
posited may  be  demonstrated  ven^  easily  under  tlie  micn)soope  by 
placing  a  goo<I-sizeii  drop  of  blood  on  a  slide,  covering  it  with  a 
cover-elip,  and  allowing  it  U^  stand  for  several  niinute^ii  until  (Coagu- 
lation is  completed.  If  the  drop  is  now  exaniinetl,  il  is  ]x)ssible  by 
careful  focusing  to  discover  in  the  s[>aces  between  the  masses  of 
corjniscles  many  examples  of  the  delicate  fibrin  network.  The 
ph\sioI(»Kica]  value  of  clotting  is  that  it  stops  heraorrhuges  by 
closing  the  openings  of  the  wounded  blood-vessels. 

Time  of  CloUiug.— The  time  neccsaan'  for  the  clot  to  form  varies 
htiy  in  different  individuals,  or  in  the  blood  of  the  same  in- 
'dixidual  varies  with  the  conditions.  It  may  be  saifl  in  general  that 
untler  normal  coniiitions  the  blood  passes  into  the  jelly  stage  in 
from  three  to  ten  minutes.  The  separation  of  clot  and  serum  takes 
place  gradually,  but  is  usually  completed  in  from  ten  to  forty-eight 
hours.  The  time  of  clotting  shows  marked  variations  in  different 
animals;  the  process  is  especially  slow  in  the  blood  of  the  horse, 
terrapin,  and  birds,  so  that  coagulation  of  shed  blood  is  more  easily 
prevented  in  these  animals,  in  the  human  l>eing  also  the  time 
of  clotting  may  be  much  prolonged  tmder  certain  conditions — In 
fevers,  for  example.  This  fact  was  noticed  in  the  days  when  blood- 
letting was  a  common  practice.  The  slow  clotting  of  the  blooti 
permitted  the  red  corpuscles  to  sink  somewhat,  so  that  the  upper 
part  of  the  clot  in  such  cases  was  of  a  lighter  color,  forming  what 
was  calletl  the  **  buffy  coat."  The  time  of  clotting  may  l>e  shortene<l 
or  be  prolonged,  or  the  clotting  may  be  prevented  altogether,  in 
various  ways,  and  much  use  has  been  made  of  this  fact  in  studying 
the  composition  and  the  coagulation  of  blood  as  well  as  in  con- 
trolling hemorrhages.  It  will  l>e  advantageous  to  postpone  an 
account  of  these  methods  for  hastening  or  retarding  coagulation 
until  the  theories  of  coagulation  have  l>een  consiileretl. 

Theories  of  Coagulation. — The  clotting  of  blooti  is  such  a 
prominent  phenomenon!  that  it  has  attracted  attention  at  all 
times,  and  as  a  result  numerous  theories  to  account  for  it  have  l)een 
advanced.  Most  of  these  theories  have  now  simply  an  historical 
interest.  In  recent  years  much  experimental  work  has  been  done 
iijjon  the  subject,  the  result  of  which  has  been  to  increase  greatly 
our  knowledge  of  the  process;  but  no  complete  explanation  has  yet 
Iieen  rejichetl.  It  is  genenilly  admitted  that  the  essential  constit- 
uent of  the  clot. — namely,  the  fibrin — is  formed  from  the  fi!)rinogen 
normally  present  in  the  plasma,  and  that  without  this  fibrin- 
ogen clotting  is  impossible.      If,  for  instance,  blood  is  heated  to 
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GO**  C,  a  temperature  sufficient  to  precipitate  the  fibrinogen  as  a 
heat  coagulum,  ita  power  of  clotting  ia  loat.  Clotting,  therefore,  is 
easentially  a  process  of  the  blood-plasma,  aa  was  shown  indeed  by 
the  old  experimenters  (Hewson).  Moreover  it  ia  also  admitted  that 
the  conversion  of  the  soluble  fibrinogen  to  the  insoluble  fibrin  is 
accomplished  by  the  agenc>*  of  an  unorganized  ferment  or  enzyme, 
which  is  not  present,  in  its  active  form  at  least,  in  the  blood  while  in 
the  blood-vessels,  but  is  formed  after  the  blood  is  shed  or  under 
certain  abnormal  conditions  within  the  blood-vessels.  These  two 
important  facts — in  the  definite  form  in  which  they  are  stated — 
we  owe  mainly  to  the  investigations  of  Alexander  Schmidt.*  whose 
work  completed  the  older  obser\'ations  of  Hewson,  Buchanan, 
Denis,  and  Briicke. 

Fibrinogen  is  readily  prepared  by  the  method  of  Hammarsten 
from  the  plasma  of  horses'  blood  that  has  been  kept  from  clotting 
by  cooling.  By  several  successive  precipitations  with  sodium 
chlorid  it  can  be  obtained  free  from  the  other  proteids  of  blood,  and 
uix)n  the  addition  of  a  solution  of  fibrin  ferment  it  gives  a  typical 
clot.  Fibrin  ferment  solutions  are  prepareti  by  the  metho*!  first 
suggested  by  Schmidt.  Blood-serum  is  precipitated  by  the  addi- 
tion of  fifteen  to  twenty  times  its  volume  of  alcohol,  and  the  precipi- 
tate Is  alloweii  to  stand  under  the  alcohol  for  at  least  fourteen  liays 
in  order  to  render  the  proteids  insoluble.  The  precipitate  is  then 
dried  over  sulphuric  acid  and  ejctracteil  with  water.  The  aqueous 
solutions  thus  obtained  cause  solutions  of  fibrinogen  to  clot,  and 
induce  coagulation  in  certa'm  pathological  exudates,  such  as 
hydmcele  litniid,  which  contain  fibrinogen,  but  are  not  spontant>- 
ously  coagulable.  The  fibrin  ferment  solutions  are  destroyeti  by 
moderate  heat,  50°  to  G0°  C.  As  is  seen  from  the  method  of  prep- 
aration, the  ferment  is  contained  in  fresh  blood-senim.  Schmidt 
was  able  to  show,  however,  that  it  is  not  present,  in  detoclible 
amounts  at  least,  in  normal  blood.  That  is,  if  blood  flowing  im- 
mediately from  an  arten'  is  caught  under  alcohol  and  is  treated  as 
de8cril)ed  above  for  the  senim  it  fields  no  ferment.  The  conclu- 
sion, therefore,  is  justified  that  the  active  ferment  is  formed  after 
the  blood  is  shed.  Schmidt  subsequently  designated  this  ferment 
as  thrombin.  A  third  fact  of  essential  importance  in  theories  of  coag- 
ulation is  that  soluble  calcium  salts  are  necessary  to  the  process. 
This  discovery  was  made  definitively  by  Arthus  and  Pag^s,t  who 
showeil  that  l>lood   received   into  an  oxalate  «)hition,  so  as  to 

•"Archiv  f.  Anat.,  Physiolo^rip.  u.  Wiss.  Mpdicin,"  Reichert  u.  du  lk>\»- 
R*vmond.  1861,  pp.  545,  075.  and  I.S62.  pp.  42S.  53.3;  "Pftuffer's  .Ajchiv  f. 
d.ge«ammto  PhyBiol.,"  6.  413,  1872;  "Zur  Blutiehre,"  LeipzJK,  lSS)2;in.|  I.S95. 

t  "Archivess'de  physiologle  normale  et  palhologique,  fifth  series.  2.  739. 
1800. 
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precipitate  the  calcium,  does  not  clot.     Subsecjuent  additiou  of  a 
Bolution  of  a  calcium  salt  induces  clotting  promptly. 

We  may  say,  therefore,  that  there  are  three  fibnn  factors  wbich 
are  undoubtedly  concerned  in  the  production  of  fibrin, — namely, 
fibrinogen,  calcium  salts,  and  thrombin.  Two  of  these  exist  in  the 
circulating  blood,  one  of  them,  the  ferment,  is  formed  after  the  blood 
is  shed.  Obviously,  tlterefore.  we  may  conclude  that  the  main 
reason  for  the  clotting  of  the  blooit  when  shed  is  the  formation  of 
thrombin.  The  difficulties  in  the  way  of  an  adequate  explanation 
of  the  formation  of  the  thrombin  and  it,s  mode  of  action  are  ver\' 
great. 

The  theories  that  have  been  proposed  in  recent  years  are  numer- 
ous and  conflicting.*  It  has  long  been  belicvetl  that  the  for- 
mation of  the  thrombin  is  initiutetl  by  the  breaking  down  of  the 
formed  elements  in  the  blood,  the  leucocytes  and  theblooii  plates. 
Conceniing  the  amount  of  destniction  of  leucocytes  in  shed  bloo<l 
opinions  still  differ.  While  some  ol>server8  rejxirt  that  they  dis- 
integrate in  large  numbers  when  the  bloofi  escapies  from  the  ves- 
mIs,  othere  deny  that  they  show  an^'  marked  immediate  effect  of 
such  a  change  in  environment.  Concerning  the  blood  plates  there 
can  be  no  doubt.  Immediately  after  the  shedding  of  blood  and 
viithiu  Uie  time  that  precedes  normal  coagulation  these  structures 
agglutinate  and  then  tlissolve  or  disintegrate.  There  is  much 
evidence  to  show  that  the  fil)rin  is  deposited  first  in  the  neighbor- 
hooil  of  these  agglutinated  ma.s.«ios  of  blood  plates,  and  moreover 
that  any  reagent  f>r  contlition  that  prevents  or  retiirds  the  breaking 
<lown  of  the  plates  prevents  or  delays  the  clotting  of  the  blood. 
We  may  l>elieve.  therefore,  that  the  blood  plates  (and  leucocytes) 
give  rise  to  some  substance  necessar>*  to  the  formation  of  the 
thrombin. 

Accortling  to  a  theory  proposed  hy  Pekelharing  and  fonnerly 
much  quote^i,  it  was  suggested  that  the  dissolution  of  the  formed 
elements  liberates  a  nucleopn)teid  wliich  then  combines  with  the 
C-alcium  present  to  form  a  calcium  nucle<^)pniteid  compound  which 
constitutes  the  thrombin.  This  compound  reacts  with  the  fibrin- 
Ogeti  to  form  an  insoluble  calcium  comixitmd.  the  fibrin.  This 
theor>*  may  l>e  expres.stvl  in  simple  fomi  by  an  equation  of  this 
kind: 

Ca  nucleoproteid  -f  fibrinogen  =  Ca  fibrinogen. 
(Thrombin.)  (Fibrin.) 

Hammarsten  has  shown  that  the  latter  part  of  this  theory  is  not 
correct.     Fit>rin  as  ordinarily  formed  d<K^s  contain  much  calcium, 

•FortwoiTccnt  theorienand  titoraturrsoc  Morawitx,  "Beitriigp  Burchcm. 
Phvmol.  11.  Pathol.."  4,aSl.  1904.  and  "  DeutwUes  Archiv  f.  klin.  Med.."  79; 
Kuid,  "ZcniriUhlati  f.  rhysiol.,"  17.  529.  1903. 
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bul  when  a  calcium-free  solution  of  fibrinogen  is  brought  into  reac- 
tion with  a  calcium-free  ferment  eoluiion  (blood-acrum)  a  typical 
clq^  is  formed  the  fibrin  of  which  is  practicaJly  free  from  calcium. 
This  result  also  enables  us  to  draw  the  important  conclusion  that 
the  calcium  is  not  essential  to  the  process  of  clotting  after  the 
thrombin  is  once  fom)ed,and  that  therefore  its  rdle  probably  comes 
in  in  the  production  of  the  thrombin. 

Practically  all  recent  obsenera  hold  to  the  \ievr  that  the 
active  thrombin  is  forme<l  from  an  inactive  antecedent  substance 
which  is  designate<i  usually  as  prothrombin.  Schmidt  and  others 
believe  that  the  prothrombin  exists  preformed  in  blood-plasma  and 
that  it  may  \je  convert^l  into  active  thrombin  by  certain  substances 
arising  from  the  blood  corpuscles  or  indeed  from  many  tissue  cells. 
These  substances  are  described  as  zymoplastic  substances  (also 
cytozyms  or  coagulins).  Others  have  considered  that  the  calcium 
salts  constitute  the  efficient  zymoplastic  substance  that  converts 
the  prothrombin  to  thrombin, — a  Aiew  that  is  containe<l  in  the  first 
part  of  Pekelharing's  theor>%  given  above.  At  present  it  would 
seem  necessar>'  to  adopt  a  combination  of  these  \-iews:  to  suppose 
that  in  the  formation  of  active  thrombin  three  factors  co-operate, — 
namely,  the  calcium  salts,  the  prothrombin,  an<l  zj'moplastic  sub- 
stances. The  calcium  salts  exist  in  solution  in  the  plasma,  the 
prothrombin  also  according  to  some  authors  pre-exists  in  the  plasma, 
while  according  to  others  it  is  furnished  by  the  cellular  elements 
(blood  plates,  leucocytes).  The  zymoplastic  substance  is  a  ferment 
body  derived  from  cellular  elen^ents;  it  has  been  designated  by 
several  names,  such  as  cytozym  (Fuld),  to  indicate  its  origin  from 
cells,  and  throralx)kinase(Morawitz),to  indicate  its  activating  effect 
upon  the  prothrombin.  The  latter  name  seems  preferable,  and  it 
is  important  to  bear  in  nund  that  such  bodies  may  be  furnished 
not  only  by  the  formed  elements  of  the  blood,  but  also  by  other 
tissue  elemenU.  Thus,  I>elezennc  has  shown  that  if  the  blood  of 
birds  is  withdrawn  carefully,  by  means  of  a  cannula  inserted  into 
an  arter}',  it  clots  very  slowly,  and  if  centrifugalize<l  at  once  tlie 
supernatant  plasma  when  removal  may  remain  unclotted  for  some 
days.  This  result  seems  evidently  to  be  due  to  the  fact  tliat  the 
elements  in  the  bkfod  of  these  animals  supposed  to  correspond  with 
tlie  h\(K}d  plaU^s  of  mammalia  disintegrate  much  less  readily.  A 
similar  result  hohls  j^ood  for  the  bU>od  of  termpins,  as  was  pointed 
out  long  ago  by  the  present  author.  If,  however,  in  withdrawing 
the  blood  it  comes  into  contact  with  the  tissues,— ^at  the  wound, 
for  instance, — it  will  clot  quickly,  and  it  would  appear  that  a 
zymoplastic  substance  is  furnished  by  the  tissues.  In  the  binl 
the  normal  clotting  of  the  blood  to  stop  wounded  vessels  must  de- 
pend evidently  upon  this  co-operation  from  the  outside  tissues.    In 
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the  mammal,  on  the  other  haml,  the  blood  itself  contains  all  the 
aources  net-essan"  for  pnjinpt  coapilation. 

After  the  active  thrombin  is  formed  its  manner  of  action  upon  the 
fibrinogen  is  also  a  matter  wjncerning  which  we  have  little  positive 
knowledge.  Hammarsten  has  siipposod  that  (he  thrombin  causes 
a  Inputting  of  the  fibrinogen  molecule,  with  the  formation  of  the 
insoluble  fibrin  and  a  soluble  globulin,  fibrin  gl<jl)ulin, 
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which  can  be  found  in  small  (juantities  in  the  serum  after  coagula- 
tion. This  conclusion  has  not,  however,  been  demoastrated  to  be 
correct.  Some  ot>servers  have  suggested  tluit  the  enzyme  causes  a 
rearrangement  in  the  structure  of  the  fibrinogen  molecule,  while 
others  have  given  some  reasons  for  believin^^  that  the  action  of  the 
thrr)mbin  Is  hydrolytic.  as  is  the  case  with  nu>st  of  the  enzymes  of 
<ligestion.  Thus,  F\ild*  states,  from  experiments  u{X)n  the  blood- 
plasma  of  birds,  that  the  rapidity  of  clotting  varies,  not  directly 
with  the  amount  of  enzyme  (thrombin)  present,  but  rather  in  pro- 
portion to  the  s<|uare  root  of  the  amount^  thus  following  the  law  of 
^Schutz  for  hydrolytic  enzymes. 

Summary. — By  way  of  summar>'  the  following  statements  may 
be  made;  The  immediate  factors  necessar>*  in  coagulation  are  fibrin 
ferment  (thrombin)  and  fibrinogen.  Calcium  salts  are  also  neces- 
sary to  the  process  of  clotting,  as  it  occurs  in  the  blood,  but  it  is 
probable  that  they  play  some  part  in  preparing  the  thrombin.  It 
is  probable,  also,  that  the  formed  elements  of  the  blood,  the  blood 
plates  and  leucocytes,  funiish  sonie  constituent  (zymoplustic  sub- 
stance) necessary-  to  the  preparation  or  activation  of  the  thrombin. 
We  may  provisionally  adopt  the  view  that  thrombin  is  produced 
from  an  antecedent  prothrombin  by  the  action  of  the  calcium 
salts  and  zymoplastic  substance,  according  to  the  schema: 

Prothrombin   -•-   riUcium  salta  +   Eymoplastic  substance  (thrambokinaae)  » 

thrombin. 
Thrombin  +  fibrinogen  =  fibrin. 

In  this  last  reaction  the  fibrinogen  disappears  entirely^  so  that  none 
is  found  in  the  senim  after  clotting.  The  thrombin,  on  the  con- 
trary, like  other  enzymes,  is  not  destroyed  in  the  reaction  and  is 
found,  therefore,  in  the  serum  of  the  clot. 

Why  Blood  Does  Not  Clot  Within  the  Blood-vessels— An- 
titbrombin. — The  reason  that  blood  remains  fluid  within  the  blocxl-- 
vessels  and  coagidates  in  a  few  minutes  after  being  8he<l  would  seem 
to  be  containe<l  in  the  theories  of  coagulation  just  descriV>od.     We, 

*  Fold,  "Beitrage  Eur  cbcm.  Physiol,  u.  Pathol.,"  2,  514. 
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mfty  ftflBume  tlaU  in  the  fiTing  falood-veanlB  the  famed  elemeQU— 
ieuioeyta  nnd  Mood  phtcB— do  not  ifimlogimte  in  great  numlten 
at  a  time,  and  therefore  do  not  ^rt  rise  to  aiQr  nodoeable  anxwiK  oi 
active  thrombin.  It  seems  most  pwAaUc  that  little,  if  anjt  throcD- 
liin  is  aetaaOy  pfcaent  in  the  blood  imder  Docmai  cimimstanc^, 
and  this  in  itself  may  be  regaxded  as  the  main  reason  for  the  fact 
that  the  blood  reiDaiiiB  nneloCted.  It  is  quite  posBible.  bovet^, 
that  other  safeguanls  may  exist  in  a  matter  oT  such  prime  im- 
portance. It  has  been  shown,  for  instAnee,  that,  when  solutions 
of  fibrin  ferment  (thrombin)  are  injected  into  the  eirrulation, 
clotting  is  not  produced  with  the  certainty  that  ooe  might  expect. 
Delezenne  has  described  experiments  which  inrli<^te  that  the  liver 
exercises  a  defensive  power  in  this  respect.*  He  states  that  when 
blood-serum — containing,  as  it  nonnaUy  does,  an  active  thrombin 
— is  circulated  through  a  li%'iikg  liver  it  loses  its  pointer  of  inducing 
coagulation  in  solutions  containing  fibrinogen.  Its  thrombin  hss 
been  destroyed  or  made  inactive  by  some  effect  of  the  lix'er.  and  it  is 
possible,  although  not  demonstrated  as  yet,  that  the  liver  uiay 
exercise  such  a  protective  action  under  special  circumstances  during 
life.  That  this  supposed  action  of  the  liver  is  not  always  essential 
is  shown  by  the  fact  that  in  animab  from  whom  the  liver  has  been 
removed  experimentally  the  blood  does  not  clot  within  the  \-es8elfi. 
The  older  observers  were  impressed  with  the  fact  that  blood  remains 
uncoagulated  for  long  periods  if  kept  in  contact  with  what  may  he 
called  its  normal  surface. — that  Is,  the  interior  of  the  heart  or  blood- 
vessels. In  an  excised  heart  or  blood-vessel  the  blooil,  although  at 
rest,  remains  fluid  for  a  long  time.  It  was  thought  possible,  there- 
fore, that  the  normal  endothelial  walls  of  the  vessels  exercise  a 
restraining  influence  of  some  kind  upon  the  coagulation  of  the  blood. 
In  recent  times  this  view  has  taken  the  form,  corresponding  to  the 
knowledge  of  the  day,  of  a  suggestion  that  an  antibody — namely, 
an  antithrombin— exists  in  the  blood  and  actively  retards  or  prevents 
coagulation.  While  some  authors  (.Morawitz)  believe  that  such  un 
antithrombin  exists  normally  in  circulating  blood  and  is  essential 
in  maintaining  it-s  fluidity,  others  (^Schmidt)  hold  to  the  view  that 
substances  retanling  coagulation  are  liberated  only  fR>ni  the  dis- 
integration of  the  cellular  elements  and  are  present  practically^ 
therefore,  only  in  the  shed  blood.  Loebt  has  not  been  able  to 
<[etect  the  existence  of  an  antithronhin  in  extmets  of  the  inner  wall 
of  the  blood-vessels.  It  would  seem  to  l)e  prenuiture  to  accept 
the  view  that  under  normal  conditions  thcR'  exists  in  the  blood  any 
Substance  that  retards  or  prevents  coagulation,  although  under 

♦  "  Travuux  de  PhyaioIoKie."  Universit*'-  de  MontjielUer.  1898. 
t  bcM)  Ix)el),   "Virchow's  Archiv."  176,  10.  1904;  also  **Hoime\sivT's  Bei- 
trflge,"5,  534.  1904. 
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artificial  or  unusual  cuiulitious,  as  stated  in  the  next  paragraph, 
8uoh  substances  may  be  produce*!. 

Intravascular  Clotting. — As  is  well  known,  clots  may  form 
within  the  blooil-vessels  in  conse<:|uence  (»f  the  introduction  of  for- 
eign material  of  any  kind.  Air,  for  instance,  that  has  gotten  into 
the  veins,  if  not  ab8<3rl>ed,  may  act  as  a  foreign  substance  and 
catise  the  same  chain  of  events  as  when  the  UIikkI  is  she<i, — namely, 
the  disintegration  of  formed  elements,  formation  of  thmmbin.  and 
clotting.  So  also  M'hen  the  internal  roat  of  a  blood-vessel  is  in- 
jured as,  for  instance,  by  a  ligature — the  altered  endothelial  cells 
act  as  a  foreign  substance.  If  the  circulatory  conditions  are  favor- 
able— for  instance,  if  the  ligated  arterv*  causes  a  stasis  of  blood  at 
that  |v»int— there  may  l>e  an  agglutination  of  the  blood  plates, 
starting  at  the  injured  surface,  and  the  subsequent  formation  of  a 
clot.  Intravascular  clotting  may  also  l>e  pn>duced  by  the  injection 
of  other  substance-s.  Calcitmi  solutions  added  in  quantity  sufiicient 
to  notably  raise  the  calrium  percentage  of  the  plasma  distinrtly 
favor  the  process  of  clotting  and  may  lead  t-o  the  formation  of 
intravascular  clots.  So,  too,  injections  of  thro(nt)in  or  of  leucocytes 
aa  obtained  from  macerated  lymph  glands  cattse  clotting.  In 
tbifl  latter  case,  however,  it  has  been  miticetl  that  If  the  quantity 
mjecte<l  is  not  sufhciont  the  coagulability  <if  the  blwid  may  l)e 
<listinctly  retarded  instead  of  being  accelerated.  This  fact  hoe  l>ee.n 
accounted  for  on  the  hypothesis  tluit  in  the  disintegration  of  the 
foreign  leucocytes  two  pnKlucts  are  formed,  one  tending  to  acceler- 
ate coagidation  (p<:)sitive  pluise  of  the  injection)  and  one  tending  to 
retard  it  (negative  j)ha8e).  Lilienfeld*  has  made  this  hypothesis 
more  specific  by  showing  that  lymphocytes  (and  blood  plates) 
yield  a  nucleoproteid  which  in  tuni  on  decomposition  furnishes  a 
se^^nd  nucleoproteid,  lennonticlein.  whose  presenre  favors  roagida- 
lion.  and  a  .simple  protei<l,  histon.  whose  action  retards  clotting. 
IMezennet  has  still  further  added  Ut  the  hypothesis  i)y  e\periment.s 
which  indicate  that  the  element  favoring  coagulation  (leuconuclein) 
IS  removetl  or  ile8tn>ye<l  by  the  liver.  When  an  insufficient  quan- 
tity of  leucocytes  is  injected  into  the  circulation  the  histon  action 
may  prefiominate,  causing  retarded  coagulation,  while  with  larger 
quantities  ami  a  more  extensive  decomposition  the  leuconuclein 
may  bring  alxiitt  clotting  l>efore  it  is  completely  destroyed  by  the 
liver. 

Means  of  Hastening  or  of  Retarding  Coagulation. — Blood 
coagulates  normally  within  a  few  minutes,  but  the  process  may  be^ 
hastened  by  increasing  the  extent  of  foreign  surface  with  which  it 
comes  in  contact.  Thus,  agitating  the  liquid  when  in  quantity,  or 
the  application  of  a  s(K>nge  or  a  handkerchief  to  a  wound,  hastens 
•  UUmfcld,  "ZeiUwhrifl  f.  phyaiol.  Chemie,*'  IH,  473.    t  Loc.  cit. 
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the  onset  of  clotting.  This  is  easily  understood  when  it  is  remem- 
bered that  the  breaking  down  of  leucVKvtes  and  blood  pUle^  is 
hastened  by  contact  with  foreign  surfaces.  It  has  been  propose^l 
also  to  ha9ten  clotting  in  case  of  hemorrhage  by  the  use  of  ferment 
solutions.  Hot  sponges  or  cloths  applied  to  a  wound  hasten 
clotting,  probably  by  acceJerating  the  formation  of  fennent  and  the 
chemical  clianges  of  clotting.  Coagulation  may  be  ret-arded  or  be 
prevented  altogether  by  a  variety  of  means,  of  which  the  following 
are  the  most  important: 

1.  By  Coding. — This  method  succeetls  well  only  in  blooti  that 
clots  slowly — for  example,  the  blood  of  the  horse,  bird,  or  terrapin. 
Blood  from  these  animals  receive*!  into  nurn)w  vessels  surrounded 
by  crushed  ice  mav  be  kept  fluid  for  an  indefinite  time.  The  bhxxl 
corpuscles  soon  sink,  so  that  by  this  means  one  may  readily  obtain 
pure  blood-plasma.  The  cooling  probably  prevents  clotting  by 
keeping  the  corpuscles  intact. 

2.  By  the  Action  of  Nadral  Sidts, — Blood  received  at  once  from 
the  blood-vessels  into  a  solution  of  such  neutral  salts  as  sodium 
sulphate  or  magnesium  sulphate,  and  well  mixed,  docs  not  clot.  In 
this  case  also  the  corpuscles  settle  slowly,  or  they  may  l>e  centri- 
fugalizcfl.  and  specimens  of  plasma  l^e  obtained.  For  this  purpose 
horses'  or  eats"  blood  is  to  be  preferred.  Such  plasma  is  known 
as  *'  salted  plasma " ;  it  is  frequently  used  in  experiments  in  coag- 
ulation,— for  example,  in  testing  the  efficacy  of  a  given  ferment 
solution.  The  l>est  salt  to  use  is  magnesium  sulphate  in  solutions 
of  27  per  cent. :  1  part  by  volume  of  this  solution  is  usually  mixed 
with  4  parts  of  blood;  if  cats'  blood  is  used  a  smaller  amount  may 
be  taken — 1  part  of  the  solution  to  9  of  blood.  Salted  plasma 
or  salted  hlooil  again  clots  when  diluted  sufficiently  with  water  or 
when  ferment  solutions  are  added  to  it.  How  the  aeAis  prevent 
coagulation  is  not  definitely  known — possibly  by  preventing  the 
disintegration  of  corpusclas  anfi  the  formation  of  ferment.  ix>ssibly 
by  altering  the  chemical  proj)erties  of  the  proteids. 

3.  By  the  Action  of  Oxalate  Solutions. — If  blood  as  it  flows  from 
the  vessels  is  mixed  with  solutions  of  potassium  or  sodium  o.xalate 
in  proportion  sufficient  to  make  a  total  strength  of  0.1  per  cent, 
or  more  of  these  salts,  coagulation  Ls  prevented  entirely.  Ad- 
dition of  an  excess  of  water  does  not  produce  clotting  in  this  case, 
but  solutioas  of  some  soluble  calcium  salt  quickly  start  the  process. 
The  explanation  of  the  action  of  the  oxalate  solutions  is  simple: 
they  are  supposed  to  precipitate  the  calcium  as  insoluble  calcium 
oxalate. 

4.  By  the  Action  of  Sodium  Fhiorld. — Blood  drawn  directly  into 
a  solution  of  sodium  fluorid  (1  part  of  a  3  per  cent,  solution  of 
aodium  fluorid  to  9  parts  of  blood)  does  not  clot.     Addition  of 
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calcium  salts  alone  to  such  a  mixture  failt*  to  pn)voke  clotting,  but 
addition  of  solutionB  of  thrombin^  or  of  calcium  and  zymoplastic 
giihstance,  will  provoke  coajs^iilation.  The  plasma  obtained  b}' 
eentrifugaliziiig  a  mixture  of  blood  and  sodium  fluori<J  forms, 
tlierefore,  an  excellent  means  of  testing  the  presence  of  thrombin 
(Arthus). 

5.  By  the  Injection  of  Certain  Organic  .Sw6slflTi€es.— There  are  a 
number  of  substances  which  when  injected  into  the  blood  retard 
or  prevent  its  coagidation.  For  instance.  8<jlutions  of  nrdinan* 
preparations  of  pepsin,  tr\'f>8in,  j>eptone,  snake  venom,  leech 
extracts,  etc.  Snake  venom  may  be  wonderfully  {xitent  in  this 
particular;  it  is  stated  that  so  little  as  OiMWMM  gm.  to  each  kilogram 
of  animal  sulhces  to  destroy  the  coagulability  of  the  blood.  Of 
these  various  bodies  solutions  of  pej.)tc»ne  have  received  the  most 
attention  frrjm  investigators.  Peptone,  as  usually  obtained  by 
digestion  experiments,  is  in  reality  a  mixture  of  prote4^ses  and 
peptones.  When  injectc<l  into  the  circulation  in  the  proportion  of 
0.3  gm.  to  each  kilugrani  of  auinial  the  coagulability  of  the  lilood  is 
very  greatly  diminished.  When,  however,  such  sf>lutioiis  are  ailded 
to  freshly  drawn  blood  they  exercise  no  influence  upon  the  coagu- 
lation. Evidently,  therefore,  when  injectetl  into  the  blood  they 
provoke  a  reaction  of  some  sort  the  products  of  which  prevent 
coagulation.  Delezenne*8  work  given  above  offers  a  simple  ex- 
planation. Such  solutions  cause  a  rapid  destruction  of  leucocytes 
(and  blood  plates)  with  the  production  of  leuccinuclein  and  histon; 
the  fonner  substance  Ls  destroyed  or  removed  by  the  liver  and  the 
histun  remaining  in  the  bkwd  is  the  cause  of  the  non-coa^ulatiitn. 
Pick  and  Spiro*  Imve  shown  that  this  action  of  peptone  solutions  is 
not  due  to  the  peptone  or  the  albumoses  contained  in  it.  When 
obtained  in  purified  form  these  sul)8tances  have  no  such  effect. 
They  attribute  the  action  to  a  substance,  derivetl  proliably  from 
the  tissues  used  in  the  preparation  of  the  peptone,  and  for  which 
tliey  suggest  the  name  of  peptozym.  Ijeech  extracts  differ  from 
solutions  containing  yx^ptozym  in  that  they  prevent  the  clotting 
of  the  blood  when  addetl  to  it  outside  the  body.  They  evidently 
contain  already  formed  a  substance  whose  action  prevents  coagula- 
tion. This  sul>stance  is  secreted  by  the  salivary  glands  of  the  leech. 
It  has  been  extracted  from  the  glands  in  a  more  or  less  pure  form, 
and  is  designated  as  hinulin.  Nothing  is  known  regarding  its 
chemical  structure  or  its  mode  of  action  in  preventing  clotting. 

Total  Quantity  of  Blood  in  the  Body.— The  total  quantity  of 
hlooii  in  the  body  has  l)een  dctenuined  approximately  for  man  and 
a  nmnberof  the  lower  animals.  The  meth<Kl  used  in  such  determi- 
nations consist^s  essentially  in  first  bleeiling  the  animal  as  thoroughly 

•  "ZeitM^hrift  f.  plivViol.  Chemic."  31.  'ja-V  VMM). 
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aw  possible  and  weighing  the  quantity  of  blood  tfaas  obiained.  and 
afterward  washing  out  the  Uood-x-eaodb  with  water  and  estimatii^ 
the  amount  of  hemoglobin  in  the  washings.  The  results  are  as 
follows:  >fan,  7.7  per  cent,  (i^)  of  the  body-wd^t;  that  is,  a  man 
weighing  68  kgms.  baa  about  5236  gms..  or  4965  c.c,  of  blood  in  his 
^><xly;  Jog.  7.7  per  cent.;  rabbit  and  cat,  5  per  cent.;  new-born 
human  being.  5.26  per  cent.:  and  birds^  10  per  cent.  The  dis- 
tiibution  of  this  blcxi  in  the  tissues  of  the  body  at  any  time  has 
been  estimated  by  Ranke,^  from  experiments  on  tr^hiy  killed 
rabbits,  as  follows: 


Splwti 

0.21  per  cent- 

E^raxn  and  oord 

1  24    •• 

163     ' 

Skin 

2.10    "        " 

Intestines                    

15.30    •         '• 

Bonw 

S.24 

Heart,  lungs,  and  eiral  blood-vessob 

21>.76 

Resting  miu^ele^ 

29.20     •        *• 

Liver 

•29.30    •• 

It  will  be  seen  from  inspection  of  this  table  that  in  the  rabbit  the 
blood  of  the  body  is  distributed  at  any  one  time  aix)ut  as  foUo^'s: 
One-fourth  to  the  heart,  lungs,  and  great  blood-vessels;  one-fourth 
to  the  liver;  one-fourth  to  the  resting  nius<*les:  and  oneHfourth  to  the 
remaining  organs. 

Regeneration  of  the  Blood  after  Hemorrhage. — A  laige 
portion  of  the  entire  quantity  of  blood  in  the  body  may  be  lost 
suddenly  by  hemorrhage  without  protlucing  a  fatal  result.  The 
extent  of  hemorrhage  that  may  be  rwovered  from  safely  has  been 
investigated  upon  a  number  of  animals.  .\Ithough  the  results 
show  more  or  less  individual  variation,  it  may  be  said  that  in  dogs 
a  hemorrhage  of  from  2  to  3  per  cent,  of  the  body-weight  t  is  re- 
covered from  ejusily,  while  a  loss  of  4.5  per  cent.,  more  than  half 
the  entire  blood,  uill  probably  prove  fatal.  In  cats  a  hemorrhage 
of  from  2  to  3  per  cent,  of  the  body-weight  is  not  usually  folloired 
by  a  fatal  result.  Just  what  percentage  of  loss  may  be  borne  by  the 
human  being  has  not  l^een  detemune<l,  but  it  is  probable  that  a 
healthy  individual  may  recover  without  serious  difficulty  from  the 
loss  of  a  quantity  of  blood  amounting  to  as  much  as  3  per  cent,  of 
the  body-weight.  It  is  known  that  if  li(|uids  that  are  isotonic  to 
the  blood,  such  as  physiological  saline  (XacI,  0.7  to  0.9  per  cent.) 
or  Ringer's  solution,  are  injected  into  the  veins  immediately  after 
a  severe   hemorrhage,   recoven*   is   more   certain  ;    in   fact,  it   is 

•  TaJcpn  fmm  Vleronji'a  ".\natomische,  phvsioiofn:sche,  and  phystkalische 
Daten  und  TabeUen/'  Jena,  1893. 

t  Fredericq:  "Travaux  du  Laboratoire"  (Univepsil^  dc  Li^),  1,  189, 
1885. 
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able  by  this  means  to  restore  persons  after  a  hemorrhage  that 
would  otherwise  have  l)e€n  fatal.  By  an  infusion  of  this  kind, 
particularly  if  at  or  somewhat  aixjve  the  l>oiJy  temperature,  the 
heart  beat  is  increased,  the  volume  of  the  eirt'ulating  liquid  is 
brought  to  an  amount  sufficient  to  nminluin  appnjximately  m>rmal 
conditions  of  pressure  and  velocity,  and  the  red  corpusrles  that  still 
reciAinare  kept  in  more  rapid  circulation  und  art'  thu«  utilizeil  more 
completely  as  oxygen  carriers.  If  a  hem<jrrhage  lias  not  Ifeen  fatal^ 
experiments  on  lower  animals  shiiw  that  the  plasma  of  the  blwjd  is 
FBgefierated  with  great  rapidity,  the  blooti  regaining  its  normal  vol- 
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^  173. — Tb  riiow  the  effect  nf  hemmrhaKe  upon  the  number  nf  red  ftnd  white  cor- 
Mid  the  amount  of  bemoclnbiD. — (Z>aicwovi.)  The  ordinateii  rxprean  the  numben 
af  niniiwrlM  uid  alio  fha  percent&cefl  of  hamo^obin  w  fUted  in  the  OgnmA  to  the  left. 
IW  amdaa*  sfTe  the  days  after  hemofrhaae.  The  experiment  wme  made  upon  a  dng  of 
S.I  bvna.  The  bemmrhao*,  which  la«ted  2.3  minutes  wms  equal  to  4.3  per  cxnt.  of  the 
bMtF'^waicht ,     An  equal  amount  of  phyWoloincal  falitie  (NaCl,  0.8  |ier  cent)  waft  injected 


Time  within  a  few  hours  in  slijjht  hemorrhages,  and  in  from  twenty- 
four  to  forty-eight  hours  if  the  lass  r>f  blood  has  l>een  severe;  but 
the  numl>er  of  red  corpuscles  anti  the  hemoglobin  are  regenerated 
roope  slowly,  getting  back  to  normal  only  after  a  number  of  days  or 
after  several  weeks.  The  accompanying  curves  illustrate  the  results 
of  a  severe  hemorrhage  (4.3  per  cent,  of  the  Ixwiy-weight)  followed 
bv  transfusion  of  an  equal  volume  of  physiological  sjiline.  So  far 
aji  the  red  corpuscles  and  the  amount  of  hemoglobin  are  concerned, 
it  will  be  notice<l  that  the  large  stidden  fall  from  the  hemorrhage, 
first  day,  is  followed  by  a  slower  drop  in  l>oth  factors  rhiring  the 
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second  and  third  days.    This  latter  phenomenon  constitutes  what 
is  known  as  the  posthemorrhagic  fall.* 

Blood-transfusion. — Shortly  after  the  discover}'  of  the  circu- 
lation of  the  blood  (Har\'eyy  1628),  the  operation  was  introduced 
of  transfusing  blood  from  one  individual  to  another  or  from  some 
of  the  lower  animals  to  man.  Extravagant  hopes  were  held  as  to 
the  value  of  such  transfusion  not  only  as  a  means  of  replacing  the 
blood  lost  by  hemorrhage,  but  also  as  a  cure  for  various  infirmities 
and  diseases.  Then  and  subsequently  fatal  as  well  as  successful 
results  followed  the  operation.  It  is  now  knov^oi  to  be  a  dangerous 
undertaking,  mainly  for  two  reasons:  first,  the  strange  blood, 
whether  transfused  directly  or  after  defibrination,  is  liable  to  contain 
a  quantity  pf  fibrin  ferment  sufficient,  perhaps,  to  cause  intravas- 
cular clotting ;  secondly,  the  serum  of  one  animal  may  be  toxic 
to  another  or  cause  a  destruction  of  its  blood,  corpuscles.  Owing  to 
this  hemolytic  and  toxic  action,  which  has  previously  been  referred 
to  (p.  387),  the  injection  of  foreign  blood  is  likely  to  be  directly 
injurious  instead  of  l>eneficial.  In  cases  of  loss  of  blood  from  severe 
hemorrhage,  therefore,  it  Is  far  safer  to  inject  a  neutral  liquid, 
such  as  the  so-called  "physiological  salt  solution" — a  solution  of 
sodium  chlorid  of  such  a  strength  (0.7  to  0.9)  as  will  suffice  to  pre- 
vent hemolysis  of  the  red  corpuscles. 

♦Dawson.  "American  Journal  of  Physiolog.v,"  4,  I,  1900. 
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L>Tnph  is  a  rolorlcss  liquid  found  in  the  h-rnph-vessels  as  well 
as  in  the  extra  vascular  spaces  of  the  IxkIv.  All  the  tissue  elementa, 
in  fact,  n\ay  l>e  roganled  as  Ije.ing  bathed  in  lyrnph.  To  uuderetand 
its  occurrence  in  the  ImxIv  one  lias  only  to  l)ear  in  mind  its  method 
of  origin  from  the  IjJood.  Throughout  the  entire  l>ody  there  is  a 
rich  supply  of  blood-vessels  penetrating  every'  tissue  with  the  ex- 
ception of  the  epidermis  and  some  epidermal  stmctiires,  as  the  nails 
and  the  hair.  The  plasma  of  the  l>lood,  by  the  action  of  physical  or 
chemical  processes,  the  details  of  which  are  not  yet  entirely  under- 
stood, makes  its  way  through  the  thin  walls  of  the  capillaries,  and  is 
thus  brought  into  immetUate  contact  with  the  tissues,  to  which  it 
brings  the  nourishment  and  oxygen  of  the  \>Uhm\  and  from  which  it 
removes  the  waste  products  of  metal>ftlism,  1  his  extravascular 
lymph  is  collected  into  aumll  capiilarj'  spaces  that  in  turn  oi>en  into 
definite  lymphatic  vessels.  It  is  still  a  question  among  the  his- 
tolog^ts  whether  the  lymph- vessels  fonn  a  closeii  system  or  are  in 
direct  anatomical  connection  with  the  tissue  spaces.  Recent  work* 
supports  the  view  that  the  lymph  capillaries  are  closed  vessels  simi- 
lar in  sti^icture  to  the  blood  capillaries.  They  end  in  the  tissues 
generally,  but  are  not  in  open  conmnmicatiou  with  the  spaces 
between  the  cellular  elements  or  with  the  larger  serous  cavities 
between  the  folds  of  the  peritoneum,  pleura,  etc.  From  the  phys- 
iological standpoint^  however,  the  ljc[iad  in  these  latter  cavities, 
the  cerebrospinal  hquid.  and  the  liquid  bathing  the  tissue  elements 
must  be  regarded]  as  a  part  of  the  general  supply  of  lymph  and  as 
being  in  communication  with  the  liquid  contained  in  the  lympb- 
veoBels.  That  is  to  say,  the  water  and  the  dissolved  substances 
contained  in  the  tissue  spaces  interchange  more  or  less  freely  with 
the  lynjph  proper  found  in  the  formed  lymph-vessels.  The  lymph- 
veasels  unite  to  form  larger  and  larger  tnmks,  making  eventually 
one  main  trunk,  the  thoracic  or  left  lymphatic  duct,  and  a  second 
smaller  right  lymphatic  duct,  which  o^Hin  into  the  blood-vessels, 
each  on  its  own  side,  at  the  junction  of  the  subclavian  and  internal 
jugular  veins.     While  the  supply  of  lymph  in  the  lymph-vessels  may 

*  See  MaCalKim,  "  Bulletin  uf  the  Johius  Hopkins  Ho:«pital,  "  U,  1,  1903; 
AlfloSabin,  "  Americtui  Journal  of  Anatomy."  1,  367,  1002,  ami  3,  1H3,  1904. 
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M  wMig^  ileuittl 
is  «dl  to  bear  in  ■■ 

ade  JUKI  the  ecteTMnikr  lyi^ 
Ott  otber.    Tbe  intisTiftseakr  Wnph 
ample,  br  a  flov  of  water  from  the 


fagr  a  flov  from  the  tiiwuc  ckiiiMiU  isto  tiie  >jiii|iii 
wiiuuiid  tfatni.  The  lynpli  flSDVcneBt  ii  ftom  the  ts 
vesitt,  and  the  flow  »  maintatnfj  diieSjr  by  the  «SScmire  in  pre»- 
me  between  thetymph  at  Itsotipn  in  the  tasoes  and  in  the  ki;^ 
lymphatie  vesKb.  The  coatiimal  fogmation  of  hrmph  in  the  tiagoes 
leads  to  the  deielupmept  of  a  reiathreijr  faigfa  ynamm.  in  the  lymph 
capfflariea,  and  aa  a  neidt  of  this  the  hrmph  is  foived  toward  the 
point  of  lowest  pfconre, — oamdj,  the  paints  ai  jgDctaoo  of  the 
large  hmph  dtieta  with  the  venona  system.  A  faler  Saammm  of 
the  factocB  ooocenied  in  the  morenMnt  of  hrmph  wiB  be  fotmd  m 
the  section  oo  circulatioiL  As  would  be  infened  from  its  cnffn^ 
the  eumpoattion  of  hrmph  is  essentially  the  same  as  that  of  blood- 
plasma.  It  contains  the  three  Uood  protdds,  the  extractives  (urea, 
fat,  lecithin,  cholesterin,  su^r),  and  tnorigsnic  salts.  The  salts 
are  foimd  in  the  same  proportions  as  in  the  pbsma;  the  proteids  are 
lea  in  amount,  especially  the  fibrinogen.  L>-mph  coagulates,  but 
does  so  more  slowh'  and  less  finnly  than  the  blood.  Histolopcally , 
hinph  consists  of  a  colorless  liquid  containing  a  numlier  of  letwo- 
eytes,  and  after  meals  a  Dunil>erof  minute  fat  droplets;  red  blood 
corpuscles  occur  only  accirientall y ,  and  blood  fJates.  according  to 
most  accounts,  are  likewise  nonnally  absent. 

Formation  of  Lymph. — ^The  careful  researches  of  I^dwig  and 
his  pupils  were  fomteriy  believed  to  prove  that  the  h-mph  is  dmved 
directly  from  the  plasma  of  the  blood  mainly  by  filtration  through 
the  capillar}'  walls.  Emphasis  was  laid  on  the  undoubted  fact  that 
the  blood  within  the  capillaries  is  under  a  pressure  higher  than  tliat 
prevailing  in  the  tissues  outside,  and  it  was  supposed  that  this  excess 
of  pressure  is  sufficient  to  squeeze  the  plasma  of  the  blood  through 
the  ven*  thin  capillar>*  walls.  Various  conditions  that  alter  the 
pressure  of  the  blood  were  shown  to  influence  the  amount  of  lymph 
formed  in  accordance  with  the  demands  of  a  theory  of  filtration. 
Moreover,  the  composition  of  lymph  as  usually  given  seems  to  sup- 
port such  a  theon\  inasmuch  as  the  inorganic  salts  containefl  in  it 
are  in  the  same  concentration,  approximately,  as  in  blood-plasma, 
while  the  proteids  are  in  less  concentration,  following  the  well- 
known  law  that  in  the  filtration  of  colloids  through  animal  mem- 
branes the  filtrate  is  more  dilute  than  the  original  solution.  This 
simple  and  apparently  satisfactory-  theori-  has  been  subjected  to 
critical  examination  within  recent  vears,  ami  it  has  l^een  shown  that 
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filtration  alone  does  not  suffice  to  explnin  the  composition  of  the 
lymph  under  all  circumstances.  At  present  two  4livcrgcnt  views 
are  held  upon  the  subject.  According  to  sonic  physiologists,  all 
the  facts  known  with  regard  to  the  composition  of  lymph  may  be 
satisfactorily  explained  if  we  supprtse  thui  this  liquid  Ls  formed 
from  l>loo<i-pla£inia  by  the  comlnned  action  of  the  physical  processes 
of  hhration.  diffusion,  and  osmosis.  Arcorthng  to  others,  it  is 
believed  that,  in  adihtion  to  filtration  an<l  dilTusion,  it  is  necessary' 
to  aasuiue  an  active  secretory  process  on  the  part  of  the  endothe- 
lial cells  romi>osing  the  capillary  walls.  The  actual  condition  of  our 
knowtcflge  of  the  subject  can  l>e  i>resented  moat  easily  by  briefly 
stating  s*»nie  of  tlie  objections  that  liave  been  raised  by  Hcidenhain* 
to  a  pure  filtration-andiliffusion  theor>* ,  and  indicating  how  tliese 
objections  have  l>eeu  met. 

1.  Heidenhain  shows  by  siniplo  calculations  that  an  impossible 
fomuition  of  lymph  would  l>e  retjuired.  ufMin  the  filtration  theory', 
to  supply  the  chemical  needs  of  the  orgjtns  in  various  organic  and  in- 
organic constituents.  'I'hus,  to  take  an  illustration  that  has  l^een 
much  discussed,  one  kilogram  of  cows'  milk  contains  1.7  gms.  CaO 
and  the  entire  milk  of  twenty-four  hours  would  ('(jntain.  in  round 
numl)ers.  42. 5  gma.  CaO.  Since  the  lymph  contains  normallj' 
about  0.18  part  of  CaO  per  thousand,  it  would  re<]uire  236  liters  of 
lymph  per  day  to  supply  the  necessary  Ca(  *  to  the  mamman'  glands. 
Heidenhain  himself  suggests  that  the  difliculty  in  this  case  may  be 
met  by  assuming  active  diffusion  pnw-esses  in  connection  with 
filtration.  If,  for  instance,  in  the  case  cited,  we  suppose  that  the 
CaO  of  the  lymph  is  quickly  combined  by  the  tissues  of  the  mam- 
mart'  gland,  then  the  ten.sion  of  calcium  salts  in  the  lymph  will  l)e 
kept  at  zero,  and  an  active  diffusion  of  calcium  into  the  ]ymj)h  will 
occur  so  long  as  the  glan<l  is  secreting.  In  other  words,  the  gland 
will  receive  it-**  calcium  by  much  the  same  process  as  it  receives  its 
ox>'gen,  and  will  get  its  rlaily  supply  fn)m  a  comparatively  small 
bulk  of  lymph.  Strictly  sf^eaking.  therefore,  the  difficulty  we  are 
(ieahng  with  here  shows  only  (he  in.^Tifficiency  of  a  pure  filtration 
theor>'.  It  seems  possible  that  filtration  and  diffusion  together 
would  suffice  to  supply  the  organs,  so  far  at  least  as  the  diffusible 
substances  are  concerned. 

2.  Heidenhain  fovmd  that  occlusion  of  the  inferior  vena  cava 
CAUses  not  only  an  increase  in  the  flow  of  lymph — as  might  l>e  ex- 
pected* on  the  filtnition  theor}',  from  the  consef|uent  rise  of  pressure 
in  the  capillar)*  regions— but  alw*  an  increased  concentration  in  the 
percentage  of  proteid  in  the  lymph.  This  latter  fact  has  l>een 
satisfactorily  explained  by  the  experiments  of  Starling.t     Aecord- 

•  "Archiv  f-  <Jif  (c«-s»a(iniit<»  Phvt^iologie."  49,  209.  ISfll. 
t  "Jouniril  of  PliysioioKV."  16.'  234.  IHM. 
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ing  to  this  obsen^er,  the  lymph  formed  in  the  liver  is  normally  more 
concentrated  than  that  of  the  rest  of  the  Jwdy.  The  occlusion  of 
the  vena  cava  causes  a  marked  rise  in  the  capillary  pressure  in  the 
liver,  ami  most  of  the  increased  lymjih-flow  under  these  circum- 
stances comes  from  the  liver;  hence  the  greater  concentration. 
The  results  of  this  experiment,  therefore,  do  not  antagonize  the 
filtration-and-diPfusion  theor\'. 

3.  Heidenhain  discovered  that  extracts  of  various  substances, 
which  he  desijEjnated  as  "  lymphagogues  of  the  first  class,"  cause  a 
marked  increase  in  the  flow  <if  lymph  from  the  thoracic  duct,  the 
lymph  being  more  concentrated  than  norniab  and  the  increased  flow 
continuing  for  a  long  |>eriod.  Nevertheless,  the^e  sulxstances  cause 
little,  if  any,  increase  in  general  arterial  pressure;  in  fact,  if  injected 
in  sufficient  quantity  they  produce  usually  a  fall  of  arterial  presaure. 
The  substances  belonging  to  this  class  comprise  such  things  as  pep- 
tone, egg-aibumin,  extract.s  of  liver  amJ  intestine,  and  especially 
extracts  of  the  muscles  of  crabs,  crayfish,  mussels,  and  leeches, 
Heidenhain  supposed  that  these  extracts  contain  an  organic 
substance  which  acts  as  a  specific  stimulus  to  the  endotheUal  cells 
of  the  capillaries  and  increases  their  ^secreton'  action.  The  results 
of  the  action  of  these  substances  has  been  differently  explained  by 
those  who  are  unwilling  to  l>elieve  in  the  secretion  theory.  Starling* 
finds  experimentally  that  the  increased  flow  of  lymph  in  this  case,  as 
after  obstnu-tion  of  the  vena  cava,  comes  muinly  from  the  liver. 
There  is  at  the  same  time  in  the  portal  area  an  increascfl  pressure 
that  may  account  in  part  for  the  greater  flow  of  lymph;  but,  since 
this  effect  upon  the  {)ortal  pressure  lasts  but  a  short  time,  while 
the  greater  flow  of  lymph  may  continue  for  one  or  two  hours,  it  is 
obvious  that  this  factor  alone  does  not  suffice  to  explain  the  result 
of  the  injections.  Starling  suggests,  therefore,  that  these  extracts 
act  pathologically  upon  the  blood  capillaries,  particularly  those  of 
the  liver,  and  render  them  more  penneable,  so  that  a  greater 
quantity  of  concentrated  lymph  flows  through  them,  Starling's 
explanation  is  supported  by  the  ex|>erimetits  of  Fopoff.t  Aceonhng 
to  this  oljsen^er,  if  the  lymph  is  collected  simultaneously  fn>m  the 
lower  portion  of  the  thoracic  duct,  which  conveys  the  lymph  from 
the  abdcjitiina!  orgaits,  and  fnjm  the  upper  part,  which  contains  the 
lymph  from  the  head,  neck,  etc.,  it  is  found  that  injection  of 
peptone  increases  the  flow  only  from  the  abdominal  organs.  Popoff 
finds  also  that  the  peptone  causes  a  dilatation  in  the  intestinal 
circulation  and  a  marked  rise  in  the  portal  pressure.  At  the  same 
time  there  is  some  evidence  of  injury  to  the  walls  of  the  blood- 
vessels from  the  occurrence  of  extravasations  in  the  intestine.     A» 

*  ".loumal  of  PhvsioIoRV."  17.  30.  1894. 

t  "CentralbUtt  f]  Physiologic/'  0,  No.  2,  1896. 
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far,  therefore,  as  the  action  of  the  lymphagogues  of  the  first  class  is 
concerned!,  it  may  l>e  said  that  the  advocates  of  the  filtration-and- 
diffusion  theon*  have  suggested  a  plausible  explanation  in  accord 
with  their  theon'.  The  facts  emphasized  by  Heidenhain  with 
regard  to  this  class  of  substances  <io  not  compel  us  to  assume  a 
»ecretor>'  function  for  the  endothelial  cells. 

4.  Inje<'lion  of  certain  cr>*sfalline  substances^such  as  sugar, 
80<lium  chloriti,  and  other  neutral  salts — ca\ises  a  marked  increase 
in  the  flow  of  lymph  from  the  thoracic  duct.  The  lymph  in  these 
cases  is  more  dilute  than  normal,  and  the  blood-plasma  also  becomes 
more  waten*.  thus  indicating  tiint  the  increase  in  water  comes  from 
the  tissues  themselves.  Heidenhain  designated  these  bodies  as 
•*  Ivnjphagogues  of  the  second  class.'*  His  explanation  of  their 
action  is  that  the  cr\'stalloid  materials  introduced  into  the  blood  are 
eliminate*!  by  the  secretory  activity  of  the  endothelial  cells,  and  that 
they  then  attract  water  from  the  tissue  elements^  thus  augmenting 
the  flow  of  lymph.  These  substances  cause  but  little  change  in 
arterial  blood-pressure;  hence  Heidenhain  thought  that  the  greater 
flow  of  lymph  can  not  be  explained  by  an  increa.sed  filtration. 
Starling*  has  shown,  however,  that,  although  these  bodies  may  not 
mriously  alter  general  arterial  pres.sure,  they  may  greatly  atigment 
intracapillary  pressure,  particularly  in  the  abdominal  organs.  His 
explanation  of  the  greater  flow  of  lymph  in  these  cases  is  as  follows: 
**  On  their  injection  into  the  blood  the  osmotic  pressure  of  the  circu- 
lating fluifl  is  largely  increased.  In  consequence  of  this  increase 
water  is  attracte<l  from  lymph  and  tissues  into  the  blood  by  a  prrjceas 
of  osmosis,  imtil  the  osmotic  pressure  of  the  circulating  fluid  is 
restored  to  normal.  A  conrhtion  of  hydremic  plethora  is  thereby 
produceci,  attende<l  with  a  rise  of  pressure  in  the  capillaries  generally. 
eBpecially  in  those  of  the  abfloniinal  viscera.  This  rise  of  pressure 
will  be  pn^portional  to  the  increase  in  the  volume  of  the  blood,  and 
therefore  to  the  osmotic  pressure  of  the  solutions  injected.  The 
rise  of  capillar^"  pressure  causes  grc^it  increase  in  the  transudation 
of  fluid  from  the  capillaries,  and  therefore  in  the  lymph-flow  from 
the  thoracic  duct."  This  explanation  is  well  supported  by  experi- 
ments, and  seems  to  obviate  the  necessity  of  assuming  a  secretory 
action  on  the  part  of  the  capillar^'  walls. 

5.  Numerous  otherexperiments  have  \yeen  devised  by  Heidenhain 
and  his  followers  to  show  that  the  physical  laws  of  filtration,  diffu- 
»on,  and  osmosis  do  not  suffice  to  explain  the  movement  of  lymph; 
but  in  all  cases  possible  explanations  have  been  suggeste^l  in  terms 
of  the  physical  laws,  so  that  it  may  be  said  that  the  facts  do  not 
comjjel  us  to  assume  a  secretory  activity  on  the  part  of  the  endo- 
thelial ceJls  of  the  capillaries.     In  recent  years  .^sherf  and  his 

•  Loc.  cU.     t  "'Zeitachrift  f.  Biologie."  vob.  xxxvi-xl.  1897  to  1900. 
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co-workers  ha\"e  brought  forwanl  many  facts  to  show  that  the  hnnph 
is  controlled  as  to  its  amount  bj-  the  acti\'ity  of  the  tissue  eJementa 
and  ma.v  be  considered  as  a  product  of  the  activity  of  the  tissues,  as 
a  secretion,  in  fact,  of  the  working  cells,  ^\l^en  the  salivan*  glands, 
the  liver,  etc.,  are  in  greater  functional  acti%ity  the  flow  of  lympii 
from  them  is  increased  lieyoad  doubt,  so  tiiat  the  activity  of  the 
organs  does  influence  most  markedly  the  production  of  lymph. 
Most  physiologists,  however,  prefer  to  explain  this  relationship  on 
the  view  suggested  by  Koranyi,  Starling,  and  others, — namely,  that 
in  the  metabolic  changes  of  functional  acti\it3'  the  large  molecules 
of  prnteid,  fat,  etc.,  are  broken  down  to  a  number  of  simpler  ones, 
the  number  of  particles  in  solution  is  increased  and  therefore  the 
osmotic  pressure  is  increased.  By  this  means  it  may  be  supposed 
that  the  flow  of  lymph  toward  the  tissue  elemeoits  is  increased  in 
pro|K>rtion  to  their  acti\ity. 

'Vhe  lymph  in  the  tissue  spaces  between  the  cells  is  subjected 
to  many  influences  which,  taken  together,  regulate  its  amoiuil. 
It  is  continually  augmented  by  a  flow  of  water  and  dissolved 
substances  from  the  blood  in  the  capillaries  and  from  the  liquid 
in  the  interior  of  the  cells,  ami  it  is  continually  depleted  by 
the  excess  passing  off  into  the  lymphatics,  on  the  one  hand, 
through  which  it  eventually  reaches  the  bhxKl,  and  also  1)V  <iirect 
absorption  into  the  blo<:>d  capillaries.  In  regard  to  this  last  factor, 
there  is  abundant  e\idence  that  solutions  injected  into  the  tissue 
spaces  so  as  to  increase  the  amoimt  or  concentration  of  the  tissue 
liquid  are  promptly  absorbed  into  the  blood.  The  play  of  these 
opix>sing  forces  maintains  the  tissue  lymph  within  normal  linUio, 
and,  although  the  movement  of  the  water  and  dissolved  sul> 
stances  can  not  be  shown  in  all  cases  to  be  govemetl  solely  by 
the  physical  processes  of  difl'usion,  osmosis,  antl  filtration,  there 
is  at  present  no  conclusive  evidence  that  these  factors  are  in- 
suflficient  to  account  for  the  n>pulatinn. 

Summary  of  the  Factors  Controlling  the  Flow  of  Lymph. — 
We  may  adopt,  provisionally  at  least,  the  so-called  mechanical  theory 
of  the  origin  of  lymph.  Upon  this  theor>*  the  forces  in  activity  are, 
first,  the  inl:racapillar>'  pressure  tending  to  filter  the  plasma  through 
the  endothelial  cells  comprtsing  the  walls  of  the  capillaries;  second, 
the  force  of  diffusion  tiepending  upon  the  inequality  in  chemical 
composition  of  the  blood-plasma  and  the  liquid  outside  the  capil- 
laries, or.  on  the  other  side,  between  this  liquid  and  the  contents  of 
the  tissue  elements:  third,  the  force  of  osmotic  pressure.  These 
three  forces  acting  ever>'where  control  primarily  the  amount  and 
composition  of  the  lymph;  but  still  another  factor  must  be  con- 
sidered ;  for  when  we  come  to  examine  the  flow  of  lymph  in  different 
parts  of  the  body  striking  ilifferences  are  founil.     It  has  been  shown^ 
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for  instance,  that  in  the  limbs,  under  normal  conditions,  the  flow  is 
extremely  scanty,  while  fmin  the  liver  and  the  intestinal  area  it  b 
relatively  abundant.  In  fact,  the  lymph  of  the  thoracic  duct  may 
be  considered  as  l)eing  derived  almost  entirely  from  the  latter  two 
regions.  Moreover,  the  lymph  from  the  liver  is  cluiraetcrized  by 
a  greater  fKTcenlage  of  proteids.  To  account  for  these  differences 
StJirliug  ?suggcsl.s  the  plausible  cxjjlanation  of  a  variation  in  j>ennea- 
bility  in  tlie  capillary  walls.  The  capillaries  seem  to  have  a  similar 
•tnicture  all  over  the  I>ody  so  far  as  this  is  revealed  to  us  bj'  the 
niicn)8ci»i)e,  but  the  fact  that  tlie  lynii>h-flow  varies  so  much  in 
i|uuntity  ami  coin[K)8iti(ni  indicates  that  the  similarity  is  only 
superficial,  and  that  in  different  organs  the  capillary  walls  may 
have  different  internal  structures,  and  therefore  different  ijemiea- 
bilities.  This  factor  is  exidently  one  of  great  importance.  The 
kiea  that  the  permeability  of  the  capillaries  may  vary  unricr  dif- 
ferent conditions  hiis  long  l)een  used  iu  imtholog\'  to  explain  the 
production  of  that  excess  of  lymph  which  gives  rise  to  the  condition 
of  dniiwy  or  edema.  The  tlie^mes  and  experiments  made  in  con- 
nection witli  this  pHt]K>lo>;iriil  cnnrlition  have, in  fact, a  direct  l>eariiiK 
upon  the  theories  of  lyinj*h  fonnation.*  I'nder  normal  conditions 
the  lymph  is  drahied  off  as  it  is  fonned,  while  under  pathological 
comlitinns  it  may  accumulate  in  the  tissues  owing  either  to  an 
excessive  formation  of  lymph  or  to  some  interruption  in  its  circu- 
lation. From  the  foregoing  considerations  it  isevitlent  that  changes 
in  capillar}'  jiressure,  however  [)roduced,  may  alter  the  flow  of 
lymph  fnmi  the  blood-vessels  to  the  tissues,  by  increasing  or 
clecreasing,  as  the  case  may  Ix?,  the  amount  of  filtration;  changes  in 
the  com^Kwition  of  the  blcKxl,  such  as  follow  periods  of  digestion, 
^nll  cause  diffusion  and  osmotic  streams  tending  to  equalize  the 
composition  of  blood  and  lymph;  arul  changes  in  the  tissues  them- 
selves following  upon  physiological  or  pathological  activity  will 
also  ilisturb  the  equilibrium  of  composition,  and,  therefore,  set  up 
diffusion  and  osmotic  currents.  In  this  way  a  continual  interchange 
is  taking  place  by  means  of  whirh  the  nutrition  of  the  tissues  is 
effecte<l,  each  acconling  t^)  its  needs.  The  details  of  this  interchange 
must  of  necessity  be  ver>'  complex  when  we  consider  the  fK)Ssibilities 
of  local  effects  in  different  parts  of  the  Ixxiy.  The  total  effects  of 
general  changes,  such  as  may  be  produced  experimentally,  are 
sim|)ler,  and.  as  we  have  seen,  are  explained  satisfactorily  by  tlie 
physical  and  chemical  factors  enumerated. 

•Consult    Mellaer,    "Edema"    ("HarrinKton    I^ectures"),    "American 
Medicine/'  8,  Noc  1,  2,  4,  and  5.  1004. 
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SECTION  V. 

PHYSIOLOGY  OF  THE  ORGANS  OF  CIRCULA- 
TION OF  THE  BLOOD  AND  LYMPH. 

The  heart  and  the  blood-vessels  form  a  closed  vascular  8>'st€m 
containing  a  certain  amount  of  blood.  This  blood  is  kept  in  endless 
circulation  mainly  by  the  force  of  the  muscular  contractions  of  the 
heart.  Bui  the  bed  through  which  it  flows  varies  greatly  in  width 
at  different  parts  of  the  circuit,  and  the  resistance  offere<l  Ut  the 
moving  blood  is  verj'  much  greater  in  the  capillaries  than  in  the 
large  vessels.  It  follows  fnjm  the  irregularities  in  size  of  the  chan- 
nels thmu^h  which  it  flows  that  the  blood-stream  is  not  uniform  in 
character  throughout  the  entire  circuit;  indeed,  just  the  op{)osite  is 
true.  P'rom  point  to  point  in  the  bmnchiiig  system  of  vessels  the 
blood  varies  in  regard  to  its  velocity*,  its  head  of  pressure,  etc. 
These  variations  are  connecteti  in  part  with  the  fixetl  stnicture  of  the 
system  and  in  part>  are  dependent  upon  the  changing  prop)erties  of 
the  living  matter  of  which  the  system  is  composed.  It  is  con- 
venient to  consider  the  subject  under  three  general  heads:  (1) 
The  purely  physical  factors  of  the  circulation, — that  is,  the  me- 
chanics and  bydmilynaniics  of  the  flow  of  a  definite  quantity  of 
blood  through  a  set  of  fixed  tulx^s  of  varying  calihwr  under  certain 
fixed  conditions.  (2)  The  general  physiology  of  the  heart,  and  the 
blood-vessels, — that  is,  mainl3'  the  special  prop)erties  of  the  heart 
muscle  and  the  plain  nmscles  of  the  bUxxl- vessels.  (3)  The  innerva- 
tion of  the  lioart  an<l  the  blood-vessels, — that  is,  the  variations  in 
them  produced  by  the  action  of  the  ner\'0us  system. 


CHAPTER  XXV. 
THE  VELOaTY  AND  PRESSURE  OF  THE  BLOOD-FLOV. 

The  Circulation  as  Seen  Under  the  Microscope. — It  is  a 

comparatively  easy  matter  to  arrange  a  thin  membrane  in  a  living 
animal  so  that  the  flowing  blood  may  be  observed  with  the  aid  of  a 
microscope.  For  such  a  puri)ose  one  genenilly  employs  the  web 
between  the  toes  of  a  frog,  or  better  slili  the  mesentery,  lungs,  or 
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bladder  of  the  same  animal.  With  a  good  j)reparation  many 
un|xjrtant  peculiarities  in  the  l)lood-flow  may  be  obsen'etl  directly. 
If  the  field  is  projXTly  chosen  one  may  see  at  the  same  time  the  flow 
in  arteries,  capillaries^  and  veins.  It  will  be  noticed  that  in  the 
arteries  the  flow  is  very  rapid  and  sc^mewhat  intermittent. — that  is, 
there  is  a  slight  acceleration  of  velocity,  a  pulse,  with  each  heart 
It.  In  the  capillaries,  on  the  t'ontrar>%  the  How  is  relatively  verv 
riow;  the  change  from  the  nishing  arterial  stream  to  the  delil>er- 
ate    current   in    the   capillaries    takes    place,   indeed,    with  s*jme 

ieimess.  The  capillary  flow,  as  a  rule,  shows  no  pulses  ctirre- 
'iponding  with  the  heart  beats,  but  it  may  l)e  more  or  less  irregular. 
— that  is,  the  flow  may  nearly  cease  at  times  in  some  capillaries, 
while  again  it  maintains  a  constant  flow.  In  tlie  veins  the  flow 
increiises  marke<l!y  in  rapidity,  and  indeed  it  may  be  observed 
that,  the  larger  the  vein,  the  mor<'  rnpi<l  is  the  flow.  There  is  not, 
however,  as  a  nde,  any  intlication  of  an  intennittence  or  pulse  in 
this  flow, — the  velocity  is  entirely  uniform.  In  both  arteries  and 
veins  it  will  be  noticed  that  the  ret!  corpuscles  fonn  a  solid  cokimn 
or  core  in  the  middle  of  the  vessel,  and  that  between  them  and  the 
inner  wall  there  is  a  layer  of  j^lasma  containing  only,  umler  normal 
conditions,  an  occasional  leucocyte.  The  accumulation  of  cor- 
puscles in  the  middle  of  the  stream  makes  what  is  known  as  the 
ariid  stream,  while  the  dear  layer  of  plasma  is  designated  as  the 
irurt  layer.  The  phenomenon  is  readily  exjilained  by  physical 
causes.  As  the  blood  flows  rapidl\'  thmugh  the  small  vessels  the 
Ia3'er8  nearer  the  wall  are  sloweil  by  adhesion,  so  that  the  greatest 
velocity  is  attained  in  the  middle  or  axis  <if  the  ves.sei.  'i'he  cor- 
|H]8(^1es.  l^eing  heavier  than  the' plasma,  are  drawn  into  this  rapid 
part  of  the  cunrmt.  It  has  l)een  shown  by  physical  exj>erimenta 
that,  when  particles  of  different  specific  gravities  are  present  in  a 
liquid  flowing  rapidly  through  tulles,  the  heavier  particles  will  l)e 
found  in  the  axis  and  the  lighter  ones  toward  the  |>eripher>'.  In 
acconlance  with  this  fact,  leucocytes,  which  are  lighter  than  the 
red  corpuscles,  may  be  found  in  the  inert  layer.  When  the  con- 
ilitions  become  slightly  abnormal  (incipient  inflammation)  the 
leueocytes  increase  in  numl>cr  in  the  inert  layer  sometimes  to  a 
VBr\'  great  eoctcnt,  owing  np|>areTitly  to  some  alteration  in  the 
endothelial  walls  whereby  the  leucocytes  are  rendered  more  ad- 
hesive. The  agglutination  of  the  leucocytes  and  their  migration 
through  the  walls  into  the  surrounding  tissues  can  not  be  considered 
in  this  coimection. 

The  Velocity  of  the  Blood-flow. — The  microscopical  obser\^a- 
tiona  desi^-ribetl  above  show  that  the  velo<Mty  of  the  blood-current 
varies  widely,  l)eing  rapitl  in  the  arteries  and  veins  and  slow  i;i  the 
oipillaries.     To  ascertain  the  actual  velocity  in  the  larger  vessels 


ancvtAnos  or  buxjd  axd  Lrynn. 


tho  variAtiotci  in  vesBeis  of  different  aizes  experimental  de- 
iHrminationB  aie  neeeasan'.  While  the  general  principle  invr>lve(i 
te  these  detenniutiong  \s  simple,  their  actual  execution  in  an 

experiment  is  alt^ncied  with 
some  difficiJties.  and  variotid 
devices  have  been  adopted. 
The  mf>st  direct  method  j^er- 
haps  is  that  used  in  the  in- 
strument devised  by  Ludwig, — 
namely,  the  siromuhr.  The  prin- 
ciple used  is  to  cut  an  artery 
or  vein  of  a  known  size  and  ilc^ 
tcrmine  how  much  bloo<l  flows 
out  in  a  given  time.  We  may 
define  the  velocity  of  the  blood, 
at  any  jx>int  as  the  length  uf ' 
the  column  of  blood  flowing  by 
that  point  in  a  accond.  If  we 
cut  the  artery  there  a  cylindri- 
cal cohimn  of  bl(M>d  of  a 
nit«  length  and  with  a  cross-anik'l 
equal  to  that  of  the  lumen  of 
the  arten*  will  flow  out  in 
second,  Tlie  volume  of 
outflow  can  be  detemiijied 
rectly  by  catcliing  the  blood.' 
Knowing  this  volume  and  the 
cmQ»-arBft  of  the  arter>-,  we  i 
detennine  the  length  of 
column — that  is.  the  vekxrit 
of  the  flow — since  in  a  c>*l 
the  volume,  \\  is  equal  to 
product  of  the  length  into 
crnes-ATca. 


l•^g.  \74.~lA\fiwit['-i  rtromuhr:  oand6. 

Tl)*  ct»^  Itulbn;   u  in  fillM  wUh  oil  tn  tbe 

Bmrk  (/>  CO.).  wtiijp  h  am)  ihr  neck  are  tilled 
I  frlltt  MKit  Miliitiiiti  f>r  il(^Bt>hnat«Hl  Ni«««l.  p. 
I  fho  nirivnhlo  pUt^  Hy  mean.'*  of  which  tbe 

builix  iiiiiv  be  liirTKsl  thnmvh  ISO  liectres. 

f,  c,  for  tii(^  riiiiti>i)ik'iiir<iie«l  into  ihe  Ariwy; 

/  till*   thumb  '•rrrw  fi>r  turninc  the  bolw; 

A.  the  holilor.     Wheii  in  pUcv  the  eUnp* 

on  th*-  ■flrri«M  Hfv    removed,  UdckI    Boirs 

ihrrMigh  r  inf4>  (I.  ilrivinf  out  the  (hI  and 

iiirriiiit  iUt*  -wit  M»lutioo  m  6  into  ibv  bead 
i«T)<l  1*7  the  ftrffry  ihrouch  ^.  Whan  Uw 
I  Wimm)  rntrrifiK  •*  ntkthm  thm  mark,  ibe  bulfat 

aiT  ttiiniMl  Ihrituch  180  Jtf  lew  ao  that  klim 

ovor  r       'lh«t  bitKn)  Ro«n«  intn  h  xnd  cirivoi 

tli»  ••il  back  iiil"  «       When  it  ju*l  fills  Chfe* 

f,,.|i.    >i^.    nt*  acxtn   mtAt«sl   lhnHi<h   ISO 

,1,  !  -«>  on      Tl>e  ihI  i«  dnreo  oat  o< 

I  Ki^'**<i  number  ni  ttin«»,  each 

fin.»^...r...  i«in««auaJ  loan  outflow  <rf  5c.c. 

(iimM),  «v.  IM  Ubm*.  flO  «Le,  of  blood  hAve  XST^  .^..»«    -vX    

flVzT;' KnoSjr  thy  ^^■*i^!^  '        "*  cannot,  oi  course, 

J^t^^^tlSSSJtetf    tl»  expefiment   in  this 

«*N-  .  "...  .- j«j»nMM«i  fcM  *»•  «*^     ^irav  upon  a  Uvinc  aumftl: 

loss  of  9D  mucli  blood  would 
onr<*  rhangr  the  physicaJ  ami  pft^^-aolo^cal  rooditions of  the < 
lion,  ^nd  would  pvt  us  a  set  of  cooditioas  at  the  end  of  the  i 
•  **8lkviduui^'M4Ht9  .Krchav  f  Plir^ol.,*'  3,  152,  1801. 
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ment  (iifferent  from  those  at  the  beginning.  By  means  of  the  stromuhr 
however,  this  ex])erinient  ran  l>e  made,  with  this  alteration,  how- 
ever, that  the  blood  that  flows  from  the  central  end  of  the  cut  artery 
is  returned  to  the  peripheral  end  of  the  same  arter>%  so  that  the 
circulation  is  not  bIorke<l  nor  deprived  of  its  nonnal  vohune  of 
li'juid-  The  instnuncnt,  as  is  exphiitied  in  the  legend  of  Fig.  174, 
measures  the  volume  of  I>1imhI  that  flows  out  of  the  cut  end  of  an 
artepi'  in  a  definite  time.  The  calculation  for  velocity  is  made  as 
r(»ltov«*s:  Supjxjse  that  the  capacity 
of  the  bulb  is  5  c.c.  and  that  in  the 
experiment  it  has  lieen  fdletl  10 
times  in  5()  secomis, — i.  e.,  the  bulbs 
liave  l>een  reversed  10  times;  then 
obviously  10  X  5  or  50  c.c.  have 
flowe<l  out  of  the  arter>-  in  this 
time,  or  1  c.c.  in  1  second.  The 
diameter  of  the  vessel  can  l)e  meas- 
ure<l.  and  if  found  equal,  say^  to  2 
nuns.,  then  its  cross-area  is  rr*  -= 
3.15  X  1  =  .S.15.  Since  1  c.c.  equals 
1000  c.mm.,  the  length  of  rmr  cyl- 
inder of  blood  would  l>e  given  by 

10(10 

the  quotient  of  3,^  =  317  mms. 
So  tlmt  the  bI(KMi  in  this  case  was 
moving  with  the  velocity  of  317 
mms.  per  second.  Another  instru- 
ment that  h:is  l>een  employed  for 
the  same  purix>se  is  the  tlromtfgrnph 
or  ftenifHiromograph  of  Chauveau. 
Tliifl  instnmient  is  represented  in 
the  accom))anying  figure  (Fig.  175). 
A  rigid  tul>e  (p-r)  is  placed  in  the 
course  of  the  arter\'  t(»  l)e  examined. 
This  tul>e  is  providetl  with  an  offsi»t 
(o)  the  opening  of  which  is  closexi 
with  nd>l»er  dam  (wj).  The  njbljer 
dam  is  pierce<l  by  a  needle  the  lower 
end  of  which  terminates  in  a  small 

plate  lying  in  the  tu!>e  (73/).  When  the  instrument  is  in  place  and 
the  blood  is  allowed  t<j  stream  thn)ugh  the  tul>e,  it  deflects  the 
neetile,  which  turns  on  it.s  insert'inn  thn)ugh  the  mblwr  as  a  ful- 
rnmi  The  angle  of  defle<*tion  nf  the  free  end  of  the  needle  may 
l>e  measured  directly  upon  a  scale  or  it  may  be  transmitted 
thrrtugh  tamlwitirs  and  reconled  upon  a  kymographion.  The  in- 
strument must,  of  courac.  I>e  gra»luatcd  by  passing  through  it  cur- 


W 
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Flg.l76.— *-"luiUveiiuV  brmcidromo- 
mnpk  (after  LuRtfrTi(iifr;7)>     TTic  tuba. 


p-r,  in  placed  in  the  rour^  of  an  ar» 
tery,  tbr  bloud  aft«r  retuuv&l  nf  clamps 
flowing  in  tbe  direction  sbown  by  toe 


arrow.     Tbe  current  9trike»  the  plate, 
p/^  and  forcen  it  to  an  angle  varying 
'    "'  '     "'v.     Tlw  niovrment  «>| 

I]  thru) 


w\x\x  tbe  velocttv.     Tlw  niovrmen 

}A  i.1  tranfln)itte<]  tbrnuich  tbe  «I«tii.  fi. 


which  inovef^  in  a  ruhtkcr  tnenibrane, 
m.  The  anfcular  movement  of  tbe 
prn)erting  end  of  n  may  be  mea.tured 
directly  or  inav  be  made  to  urt  upfin  a 
tambour,  aa  nhown  in  tbe  figure,  and 
thu£>  be  tmuvnitted  to  a  reeortJing 
drum. 
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rents  of  known  velocity,  so  that  the  angle  of  deflection  may  be 
expressed  in  terms  of  at:)soIutr  vekicities.  It  p<^).ssesse8  the  great 
advantage  over  the  stromuhr  that  it  ^ive.s  not  simply  the  average 
velocity  during  a  given  time,  but  aLso  the  variations  in  velocity 
coincident  with  the  heart  beat  or  other  changes  that  may  occur 
during  the  periotl  of  ob8cr\'ation. 

Efforts  have  l>eeji  made  tft  devise  a  methwi  for  the  (ictermination  of  the 
velocil  V  of  the  blood-flow  in  the  arteries  of  man.  The  method  uwed,  however, 
(lejM*iiiIs  upon  certain  aaauniptions  that  are  not  entirely  certain  and  the  ir- 
PulLs  ohtained,  therefore,  can  tioL  Im?  ustti  with  confidence.  The  principle  of 
themelhtK^  ci>nsi.stH*  in  determining  the  volume  of  the  ann  hy  placing  it  in 
a  plethysmograph.  .Vsaiuning  that  the  outflow  from  the  veins  is  conntant  in 
the  pari  of  the  arm  inclos<.'d,  then  the  variation"*  in  volume  of  the  ami  may 
he  referred  to  llie  greater  inflow  of  hh>od  into  this  piirl  through  the  arteries. 
The  curve  sbowinp  the  viiriatiom^  in  volume  may,  therefore,  under  proper 
conditions,  be  interpreted  in  terms  of  velocity  changes. 

Mean  Velocity  of  the  Blood-flow  in  the  Arteries,  Veins,  and 
Capillaries. — Actual  determination.^^  of  the  average  velocity  in  the 
large  arteries  and  veins  give  such  resull-s  at*  the  following:  Carotid 
of  horse  (Volkmann),  :iOf*  mnis.  per  second;  (Chauveau)  207  mms. 
Carotid  of  the  tiog  (V'ienjnlt),  2G0  mms. 

The  flow  in  the  carotid,  as  in  the  other  large  arteries,  is  not, 
however,  uiiiforni;  there  is  a  marked  acceleration  or  pulse  at  each 
systole  of  the  heart  during  wliich  the  velocity  is  greatly  auguienled. 
Thus,  ill  the  carotid  of  the  liorse  it  has  l>ccn  sIiotati  by  the  hemo- 
dromograph  that  during  the  s\'stole  the  velocity  may  reach  521) 
mms.  and  may  fall  to  ISOmnis.  tluringthetliastole.  It  is  found,  also, 
that  this  difference  between  the  systolic  velocity  and  the  diastolic 
velocity  tends  to  tlisaj^pcar  ;is  the  arteries  ijecome  gnmller.  and,  as 
was  said  above,  disappears  ultf>gether  in  the  ca[>illaries,  in  which 
the  pulse  causetl  l>y  the  heart  1  teat  is  lacking.  The  snudler  the  arter\% 
therefore,  the  more  uniform  is  the  inovenient  of  the  hlood. 

The  fl(*w  in  the  large  veins  is  approximately  ecpial  to  that  in 
arteries  of  the  same  size.  In  the  jugular  vein  of  the  dog,  for 
instance,  Vierordt  found  a  velocity  of  225  mms..  while  in  the 
carotid  of  the  same  animal  the  average  velrvcity  was  260  mms. 
In  the  capillaries,  however,  the  velocity  is  relatively  very  small. 
From  direct  observations  made  by  means  of  the  microsco|ie  and 
fn)in  iucjirect  observations  in  the  case  of  man  the  ca|)illar>'  velocity 
is  estimatetl  as  lying  l)etween  0,5  mm.  and  0.0  mm.  per  sec. 

Vierordt  reportJH  some  intercstinp  calculations  upon  the  velocity  of  the 
blood,  in  the  capilluries  of  his  own  eye.  Fnder  suitahle  conditions.t  the 
movements  of  the  cM)r[>UHcl<fj  in  the  retimi  rn.ay  l>e  perceived  in  consequence 
of  the  shadows  that  ihey  thmw  iiikiii  tin*  rfids  and  cones.     The  visual  ima|:es 

♦  Von  Krics.  "Archiv  f.  Physiobgie,"  1887.  279;  also  Aboles.  ibid.,  1892, 
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tbu5  proiiuced  may  be  projected  upon  a  surface  at  a  known  distance  from  the 
«ye  and  ihe  space  traversed  in  a  Riven  time  mav  be  otwierved-  The  distance 
flptually  covered  upon  the  retina  may  then  Jw  cAleuhitttl  ljy  the  fallowing  con- 
fltrudion,  in  which  .1-^  ^  the  distance  traveled  by  the  proiectcd  image; 
A-n,  the  distance  of  the  surface  from  the  eye;  and  a-n,  the  clistance  of  the 
retina  from  the  nodal  point 
of  the  eye.  We  have  then 
the    proportion    ab    :   an  :: 

AB  An,  or  ab  =  — /«~' 
Acc«.>rding  to  thijs  method, 
Vicrurdt  calculates  that  the 
vrlocity  of  the  blood  in  the 
hunuui  capiUarieff  '\&  equal  to 
about  0.6  to  0.9  mm.  per 
seoond. 

In  the  arteries,  more- 
over, it  may  be  observed 
that  the  average  velocity 
diminLshes  tlie  farther 
one  goes  from  the  heart.— that  is,  the  smaller  the  artery, — and 
reaches  lbs  minimum  when  the  arteries  j)ass  into  the  capillaries. 
Thus,  X'olkrnann  reports  for  the  horse  the  following  figures:  Ca- 
rotid. .'i<M)  mms. ;  inaxillar>'.  232;  n»etatarsal,  56  mms.  In  the  veins 
al**  the  same  fact  holds.  'J'he  smaller  the  vein — that  is,  the  nearer 
it  is  to  the  capillary  region — the  snialler  is  its  velocity,  the  maxi- 
mum velocity  l>eing  foimil  in  the  vena  cava.  The  general  relations 
of  the  velocity  of  the  blood  in  the  arteries,  capillaries,  and  veins 


Fi|t.  176. — Diaoram  of  the  eye  lo  show  the  oon- 
stniclioD  uaed  to  Jetcrrmnc  the  sisc  of  the  retinal 
image  wlieo  the  uie  of  tbeextoroal  ohject  ia  Ldowo; 
n,  The  aodol  point  of  tbe  eye.     See  text. 


F'tff-  177. — Schematic  reprenntation  of  the  relative  velijcitiea  of  the  bliMd-cumnt  in 
difftf'rvrit  par1«  of  the  vutcuUr  ^yntem:  a.  The  arterial  side,  indicatinc  the  chanae»  with 
•ftcjlk  bcATt  beat  and  tbe  fall  of  mean  velocity  aa  tbe  arterial  bed  widoiu);  c,  the  oapUtarv 
MMMi — Um  sraat  diniinutiun  in  velocity/  correApooda  with  the  craat  widetiiii«  of  th«  beef; 
^  llw  vcooua  ade.  vhowing  the  pvdual  increase  Cowani  the  heart. 


nxay  Ijc  expressed,  therefore,  by  a  curve  such  as  is  shown  in  Fig. 
177. 

Explanation  of  the  Variations  in  Velocity. — The  general  rela- 

!i<)ii.<*hip  l>etween  the  velcK-ities  in  the  difTfrent  j)art,s  of  the  vascular 
system  is  explained  by  the  ilifTerence  in  the  width  of  the  bed  in 
which  the  blood  flows.  In  the  systemic  circulaticm  the  main  stem, 
the  aorta,  branches  into  arteries  which,  taken  inrliWchially, are  smaller 
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tote,  that  tltf  biood  as  it  paaes  to  t&e  captuanes  Oows  m  a  I 
or  is  distributed  in  a  bed  which  beoooKs  wider  and  wider,  and  as  it 
retuiDB  to  the  heart  in  the  veins  it  b  collected  into  a  bed  that  be- 
comes smaOer  as  we  appmach  the  heart.  Merordt  estimates 
the  eombined  calibers  of  afl  the  capillaries  in  the  s>-stemic  cii 
tion  wfMiIrl  make  a  tulie  with  a  crDa&-area  about  SOU  times  nj^  lax^ge  i 
the  aorta.  If  the  circulatioo  is  proceetting  unifonzily  it  foUowc' 
that  for  any  given  unit  of  time  the  same  vohmie  of  blood  must 
pass  through  any  given  cross-aectioQ  of  the  s>'stem, — that  \s,  at 
a  given  point  in  the  aorta  or  vma  cava  as  much  blood  must  fiovr 
by  in  a  second  as  passes  through  the  eapillary  region,  and  that 
consequently  where  the  crosB-eection  or  bed  is  widest  the  velocity 
is  corresprmdingly  diminished.  If  the  capnlUry  bed  is  800  times 
that  of  the  aorta,  then  the  \-elocity  in  the  capillaries  is  xts  of  that 
in  the  aorta, — say,  y^  of  :J20  mms,  or  0.4  mm.  Just  as  a  stream 
of  water  flowing  under  a  constant  head  reaches  its  greatest  veiocity 
where  its  befl  is  narrowest  and  fio\*-3  more  slowly  where  tlie  bed 
widens  to  the  dimensions  of  a  pool  or  lake. 

Variations  in  Velocity  with  Changes  in  the  Heart-beat  or 
the  Size  of  the  Vessels. — While  the  alM>ve  statement  holds  true  as 
an  explanation  of  the  general  relationship  l>et\veen  the  velocities  in 
the  arteries,  veins,  and  capillaries  at  any  given  moment,  the  ahsohite 
velocities  in  the  different  parts  of  the  system  will,  of  course.  var>" 
whenever  any  of  the  conditions  acting  upon  the  blood-flow  vary. 
In  the  large  arteries,  as  has  been  said,  there  are  extreme  fluctuations 
in  velocity  at  each  heart  beat;  hut  if  we  consider  only  the  a\'crage 
velocities  it  may  be  said  that  these  will  var>-  throughout  the  system 
with  the  force  and  rate  of  the  heart  l>eat.  or  with  the  variations  in 
size  of  the  caliber  of  the  small  arteries  ami  the  resulting  changes  in 
blood-pressure  in  the  arteries.  Marey*  gives  the  two  following 
laws:  (1)  Whatever  increases  or  <Iiniiiushcs  the  force  with  which 
the  bloo<l  is  driven  from  the  heart  towanl  the  periphery'  will  cause 
the  velocity  of  the  blomi  and  the  pressure  in  the  arteries  to  var>'  in 
the  same  sense.  (2)  Whatever  increases  or  diminishes  the  resis- 
tance offered  to  the  bloml  in  p^issing  from  the  arteries  (to  the  veins) 
will  cause  the  velocity  and  the  arterial  pressure  to  van*  in  an  inveree 
Hiense  as  regards  each  other,  That  is,  an  increased  resistance 
diminishes  the  velocity  in  the  arteries  while  increasing  the  pressure, 
and  nc€  v^rsa. 

♦"La  CircuUtion  du  Sang."  Paris,  1881,  p.  321. 


I    ihai 
Ltak. 

K 


I 


VELOCITY    AXD   PRESStTRE   OF  BLOOD-FLOW.  441 

The  Time  Necessary  for  a  Complete  Circulation  of  the 

Blood, — It  is  a  matter  of  interest  in  cMinneftion  with  many  physio- 
logical questions  t4i  have  an  approximate  idea  of  the  time  necessary 
for  the  hUtfHl  to  make  a  complete  eirciiit  of  the  vascular  system, — 
that  is,  starting  from  any  c»ne  point  to  determine  how  long  it  will 
lake  for  a  particle  of  hlootl  to  arrive  again  ut  the  siiine  spot.  In 
insidoring  such  a  question  it  must  l>e  home  in  niiixl  that  many 
erent  paths  are  of^en  to  the  blooii,  and  l!iat  the  time  for  a 
wmiplete  circulation  will  vary  somewhat  with  the  circuit  actually 
followed.  For  example,  hlootl  leaving  the  left  ventricle  may  pass 
thnmgh  the  coronar>'  system  to  Hie  right  heart  and  thence  through 
the  pulmonary  system  to  the  left  heart  again,  or  it  may  pass  to  the 
extremities  of  the  toes  l>eforegottingtf>  the  right  heart,  or  it  may  pass 
through  the  intestines,  in  which  case  it  will  have  to  travei-se  three 
capillar)'  areas  before  completing  the  circuit.  It  is  obvious,  there- 
fore, tlmt  any  figures  obtained  can  only  i>e  regarded  as  averages 
more  or  less  exact.  The  ex|>eriments  that  !iave  l)een  matle,  however, 
are  valuable  in  indicating  how  vers-  rapidly  any  substance  that 
raters  the  blood  may  Ih?  distributed  over  the  bo<ly.  The  method 
ftret  employed  by  Hering  (1S2^))  was  to  inject  into  t lie  jugular  vein 
of  one  side  a  solution  of  jx>liissium  ferrocyanid,  and  then  from  time 
to  time  specimens  of  bliHHl  were  taken  fn>m  the  jugular  vein  of  the 
opposite  side.  The  first  specimen  in  which  the  ferrocyanid  could  l>e 
detected  by  its  reaction  with  iron  salts  gave  the  lejist  time  necessary' 
for  ft  complete  circuit.  The  method  was  subsefpiently  improved  in 
its  technical  details  by  Vieronlt.  and  such  results  as  the  following 
were  obtained :  Dog.  16.32  seconds;  horse,  2S.S  sec^onds;  rabbit, 7.46 
seconds  ;  man  (cahrulated).  23  secomls.  The  time  required  is  less  in 
the  small  tlmn  in  the  large  animals,  and  Hering  and  Vierordt  con- 
cluded that  in  general  it  re<|uiresfrom  26  to  2.S  befits  of  the  heart  to 
effect  A  complete  circulation.  Stewart  has  devisecl  a  simpler  and 
better  method  *  base<l  upon  the  electrical  conductivity  of  the  blood. 
If  a  solution  of  a  neutral  salt,  such  as  sodium  chlorid.  rnnre  concen- 
trated than  the  bloo<l,  is  injectetl  into  it.  the  conductivity  is  in- 
creafleiK  If  the  injection  is  made  at  a  given  moment  ami  a  jwrtion  of 
the  vessel  to  be  examinefi  is  projjerly  connected  with  a  galvanometer 
0o  as  to  measure  the  electrical  conchictivity  thn>ugh  it,  then  the 
in.«>tant  that  the  solution  of  salt  reaches  this  latter  vessel  the  fact 
will  l>e  indicated  by  a  deflection  of  the  galvanometer.  Using  this 
method,  Stewart  was  able  to  show  that  in  the  lesser  circulation 
(the  pidmonary  circuit)  the  vehwity  is  ver>'  great  compare<l  with 
that  of  the  systemic  circulation — only  about  j  of  the  time  re^iuired 
for  a  complete  rircuit  is  .spent  in  the  lesser  circulation.  Attention 
may  also  be  calleil  to  the  fart  that  the  important  part  of  the  cir- 
•  "JourniU  of  Physiology/'  16,  1,  1894. 
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culation,  as  regards  the  nutritive  acti\*itvof  the  blood,  is  the  capi!- 
larv'  path.  It  is  while  flowing  through  the  oapillaries  that  the  chief 
exchange  of  gases  and  food  material  lakes  place.  The  average 
length  of  a  capillary  is  estimated  at  0.5  mm. ;  so  that  with  a  velocity 
of  0.5  mm.  per  second  the  average  duration  of  the  flow  of  any  par- 
tide  of  bl(x.»d  through  the  capillary  area  is  only  about  1  sec. 

The  Pressure  Relations  in  the  Vascular  System. — That  the 
blood  is  under  different  pressures  in  the  several  parts  of  the  vasc\i- 
lar  system  has  long  been  known  and  is  easily  demonstrated.  Wlien 
an  artery  is  cut  the  blood  flows  out  in  a  forcible  stream  and  with 
spurts  corresponding  to  the  heart  beats.  When  a  large  vein  is 
wounded,  on  the  contrar>',  although  the  blood  flows  out  rapidly, 
the  stream  has  little  force.  E.xact  measurements  of  the  hydrostatic 
pressure  under  which  the  blood  exists  in  the  large  arteries  and  veins 
were  first  published  by  Rev.  Dr.  .Stephen  Hales,  an  English  clerg)'- 
man,  in  his  famous  lx>ok  entitled  *' Statical  Essays,  containing 
Hffimostaticks,"  1733.*  This  observer  measured  the  static  pressure 
of  the  blooti  in  the  arteries  and  veins  by  the  simplest  direct  method 
possible.  After  tying  the  femoral  artery  in  a  horse  he  connecte<l 
it  to  a  glass  tube  9  feet  in  length.  Un  opening  the  vessel  the  blomi 
mounted  in  the  tube  to  a  height  of  8  feet  3  inches,  showing  that 
normally  in  the  closed  artery  the  blood  is  under  a  tension  or  pressure 
sufficient  t-o  supjxirt^  the  weight  of  a  colunm  of  blood  of  this  height. 
A  similar  experiment  nia<ie  upon  the  vein  showed  a  rise  of  only  12 
inches. 

Methods  of  Recording  Blood-pressure. — Since  Hales's  work 
the  chief  improvements  in  method  which  have  marked  and  caused 
the  development  of  this  part  of  the  sui>ject  have  been  the  application 
of  the  mercur\'  manometer  by  Poiscuillet  (1828),  the  invention  of 
the  recording  manometer  and  kymographion  by  LudwigJ  (1H47), 
and  the  later  numerous  improvements  by  many  physiologists,  and 
latterly  the  de%elopnient  of  methods  for  measuring  blood -pressures 
directly  in  man.  The  Hales  methotl  of  measuring  arterial  |jressure 
directly  in  terms  of  a  column  of  blood  is  inconvenient  on  account 
of  the  great  height,  large  fluctuations,  and  rapitl  clotting.  The 
two  former  disadvantages  are  overcome  by  using  a  column  of  mer- 
cur\'.  Since  this  metal  is  18.5  times  as  heavy  as  blood,  the  column 
wliich  will  be  supjHjrted  by  the  blood  will  be  correspondingly  shorter 
and  all  the  fluctuations  will  be  similarly  reduced.  Poiseuille 
placed  the  mercury  in  a  U  tulje  of  the  general  form  shown  in  Fig. 
178,3/.     One  leg  was  connected  with  the  interior  of  an  arter>' by 

*  For  an  account  of  the  life  and  works  of  this  phvsiolog:ist  sec  Dawson, 
"The  Johns  Hopkins  Hospital  Bulletin,"  vol.  xv,  Nos.  159  to  161.  1904. 
t  Poiseuille,  "Uechcrcnes  aiir  In  force  du  cccur  aortique."    Paris,  1S2S. 
t  Ludwig,  "Miiller's  Archiv  f.  Analomie,  Physiologic,  etc./'  1847,  p.  242. 
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appropnatc  tuljing  filleil  with  liquid  and  when  the  clamp  was 
removed  from  the  vessel  lis  pressure  disi)Jaced  the  mercury  in  the 
linibs  by  a  certain  amount.  The  <lilTerence  in  height  Uetween  the 
levels  of  the  raereur\'  in  the  two  limbs  in  each  exjjeriment  gives  the 
blood  pressure,  which  is  therefore  usually  expressed  as  being  equal 
tow)  many  niillimetors  of  mercury.  Hy  this  expres^sion  it  is  meant 
that  the  pressure  witjiiii  (he  artery  is  able  to  support  a  i-oluinn 


IM 


Fift-  178- — '^^  Sobema  to  show  the  recordinx  mercury  manomeMr  and  it#  eooD«etion 
mtth  the  artery:  Af ,  The  iD&hoiiieter  with  the  pofition  of  the  mercury  reprewnted  in  black 
(the  pn!«Kun>  tt  icivan  by  tba  dUtance  in  millimeteri  belweea  the  leveu  1  and  2:  t>oe-hal{  of 
ihb*  dUlance  w  rec4>rde<l  nn  the  kyuiuffraptiion  by  the  pen.  P);  F,  the  float  reKtinK  upon  the 
»urfac«  of  iKe  mercury :  O,  tbecap  thmiifrh  which  the  stettn  earrytnitthe  pen  movcw;  J?,  offnl 
tot  drivitic  air  out  of  the  manometer  and  for  tilling  ur  wafLhinc  out  the  tube  to  the  artery: 
H,  the  nceptacie  contaJninc  the  folution  of  ^xjium  rarbonttte;  c.  the  cannula  for  tiuarCioa 
into  the  artery:    u*.  the  waiuiout  nrniitevnient  nhnwn  in  ilelail  in  H, 

B,  Tine  washout  cannulA:  e.  the  Kla.>«>  cannula  inserted  into  the  artery:  r.  the  Ktem 
connected  with  the  reiier\-oir  ^^{  carbunnte  Mtlution  :  o.  the  Mieni  rnntiecte«l  aith  the  manom- 
ele^r  The  arrows  ihow  the  current  of  carbtiimte  Milutlon  during  Ibe  priMwm  of  waahing 
out.  the  artery  at  that  time  IjeitiR  cUi««»d  by  •  clamp. 


of  mercury  that  many  millimeters  in  height,  and  by  multiplying 
this  value  by  13.5  the  pressure  can  be  obtained,  when  desirable, 
in  terms  of  a  column  of  l)lood  or  water.  For  continuous  obaer- 
TAtionsand  j>emmnent  reconlsthe  height  of  the  column  of  mercur>' 
^••nd  it«  variations  during  an  exj)eriment  are  recorded  by  the  device 
represented  in  Fig.  178. 

TJi*'  difftal  fimb  of  tho  U  tulxr  in  which  the  tnerciiry  risprt  carrips  afloat 
of  Yuitd  rubber,  alurninuin.  or  some  other  »ulL>staucc  lighter  thau  the  mercury. 
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Tli«^  float  in  turn  bears  an  upright  steel  wire  which  at  the  end  of  the  (eIass  tube 
plays  thnnisH  a  snmll  optMiinn  in  n  met}il  or  glass  cap.  At  \ts  free  end  \x  Iwar* 
u  |>eri  tn  tnuv  llii-  rtH:(ird.  If  rHijmked  pa[>er  is  used  ti»e  pen  is  .simply  a  sinuolh- 
poiiited  pla.ss  r>r  metal  ann,  while  if  white  paper  is  employed  the  wire  Wime* 
a  amatl  nhu^  pen  with  a  capillary  tube,  which  writcw  the  rectjrd  in  ink.  The 
tiilie  ctMniecUiijc  the  proximal  end  of  the  manometer  to  the  art-ery  of  the  aui- 
mul  uwiM  he  filli'd  with  a  solution  that  retards  the  coagtilation  of  blood.  For 
thJH  nijrpo«e  one  employs  ordinarily  a  saturated  solution  of  sodium  cflriMm.iti* 
ami  iiituirlionute.  ThiH  tube  18  amnected  also  by  a  T  piece  to  a  res*fr\'oir  cou- 
IttUiinit  tbe  carlKinate  .s>»lulio?i,  ami  ijy  varying  the  heijiht  of  this  hitter  the 
pressure  in  iht*  tulif*  and  the  manometer  may  l»e  adjit-ted  l)efon'baMd  to  the 

in*«Mnrc  thai  t>  supixtf*<'d  «ir  known  t4»  exist  in  the  artery  tmder  e\|K'hme?il. 

ly  this  means  the  Itlood,  when  (x>nnectioMs  are  made  with  the  inaiiomeier. 
diM^s  not  jK'netrate  far  inlti  the  tiil«',  and  clotting  Ls  tliereby  delayed.  In 
lon^j  ffbHcrvations  it  is  mont  convenient  to  use  what  is  known  aa  a  umnhoui 
t'annula. — the  stnieture  of  which  is  rejirestnitcd  in  Fig.  ITS,  ii.  When  thi> 
iristrunujiMt  is  attache*]  to  the  cnnnula  in.**erte<J  into  the  bliKKl-veft»pJ  oiu?  c»U» 
after  firvt  clam  ping  otT  the  artery,  wawh  out  tbe  eonnecl  ion:^  l^etwi^u  the  artery 
and  the  rnaiioineter  with  frr^h  carlwjtiaie  s*)lution  ju*  often  ua  desired.  By 
such  nifjiiiH  ciinliniioiia  records  of  arterial  pre^siire  may  be  obtained  diiiing 

many  hours.      Determination!?  of  the  prtw^sure  in  the  veiiif*  luay  Ik*  i'   *")i 

similar  apparatui*,  l>ut  owing  ttt  I  he  low  valiic-w  that  pn'vuil  on  li  :' 

the  rirculation  it   is  more  convenient  to  use*  s<uiie  fonn  of  water  u-.  r 

and  lh\i.Hre<'ordthe  venou.-;  pressures  in  terms  of  the  height  of  the  water  od^mrn 
support^Mi.  It  should  l>e  addtnl  al»(»  thai  wiien  it  w  necet«ur>'  to  know  the 
prcKsnro  in  any  sp<K^ial  artery  or  vein  the  connections  of  the  tnanomctcr  are 
made  usually  to  a  side  bninch  openinp  more  or  less  at  right  anjrles*  into  tht? 
vessel  under  invt^stiwiition,  or  if  this  is  not  jxissilile  thi'ti  a  y  tul>e  is  ittsertnd 
and  the  manoineier  is  coinieoted  with  the  side  hrancb.  The  reasion  for  thin 
procedun-  is  thai  if  ihf  arterv'  it>*t'lf  i-'  ligated  and  the  manometer  i*^  c?on- 
nected  with  \t»  central  Rtump,  the  tiuw  in  it  ajid  ils  dependent  system  of  capil- 
laries and  veins  is  cut  nff;  the  slump  of  tht*  artery  cfinstitTite!*  simplv  n 
continuation  of  the  tulM'  from  the  manometer  and  server u«  a  side  coimection 
to  the  intact  arter>-  fnmi  whirh  il  ari.se:^.  Thus,  when  a  manometer  b*  inserted 
into  the  carotid  arter\'  the  pressun'  I  hat  it*  measured  is  that  of  the  innominate 
or  ai>rtii  from  which  it  arisen,  while  a  eatuuda  in  the  central  Htumpof  a  femond 
artenir*  mf)u*ijrc>  tbe  pres.snre  in  the  iliac.  A  s[>ecimen  of  what  is  known  at 
a  bttHid-pn-ssun*  reconl  is  shown  in  Fijr.  179.  The  exact  prt^ssure  at  nny 
iu!4tunt.  in  milhmcters  of  mercury,  i.-*  obtained  by  meanurinic  the  distance 
between  the  base  line  ajid  the  rewitd  and  multiplying  by  two.  Tlit*  \tnttc 
line  represents  the  position  of  the  recording:  pen  when  it  is  8t  its  mpo 
position  for  the  winditions  nf  the  exnerimeDt.  It  is  necessary  to  multiply 
the  distance  l)ctwc<*n  the  btust*  hnc  and  the  re<«rd  by  two  l>ecuufle,  as  is  se«^n 
in  F'ig.  IT'S,  tlie  rccordiuif  apparatus  niejisures  only  the  rise  of  the  njercurv 
in  one  limb  of  ihe  maunnieter;  there  is,  of  ouirse,  an  ecpial  fall  in  the  other 
limb. 

The  bkiod-jiroAsure  reconl  (Vig^  179)  vshows  usually  larpo  rhyth- 
mical variatinns  eorrespomling  to  the  respiratory  movements  and  in 
adrlititin  smaller  wave.s  caused  fjy  the  heart  beat.  The  causes  of  the 
respiratory  waves  in  f)rea?ure  are  disetivssed  in  the  seetion  on  respi- 
ration. Regarding  the  heart  waves  or  ptilse  waves  the  itsual  reeord 
obtained  by  means  of  a  mereury  manometer  gives  an  entirely  false 
picture  of  the  extent  of  the  variations  in  i)ressnre  can.se<l  by  the  heart 
heat.  The  nms-s  of  rMerrtir>'  possesses  considerable  weipht  and  iner- 
tia, whirdi  unfits  it  for  following  uceurately  ver>'  rapid  changes  in 
pressure.  When  the  pressure  changes  are  sh)w,  as  in  the  case  of 
the  long.  res[>irator>'  waves  seen  in  the  record,  the  manometer  un- 
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doubtedly  indicates  their  extent  with  entire  accuracy,  hnt  when 
these  changes  are  very  rapid,  as  in  the  beat  of  a  dog's  or  nibbit*s 
heart,  the  mercur\'  d(»es  not  register  either  extreme  in  the  variation, 
lint  tends  tft  record  the  niean  or  average  pressnnv  The  fnll  e\'t<*nt 
oi  the  variations  in  arterial  pressure  causetl  by  the  heart  lM?at  can  l>e 


Fir-  l79.^T>'piraJ  hltMxi  pre»iurv  record  with  mercury  rnannnieter:  Hp,  Tlie  rMord 
vhoniriK  the  hr.irt  \>cni'*  »ihJ  in*  lurK^r  rurvp«i  liuo  l»  the  rr-«ipinitinn?  (rtv*i»irariiry  wave» 
■of  hloml-j^ire^'-ure)  arul  Mill  t'litjerr  WHve^  due  fo  vb.'Mimotor  changew;  T,  Ihe  »mi<?  line,  KJ\inK 
the  lime  in  «cond^.  The  uctunl  nrlerial  prc»<»*ure  at  any  miimcnt  i^  the  tlt^atirtf  fnmi  Ihe 
banc  line — that  is,  the  line  of  *er*>  prf?wurc— in  the  bUHMi-jirefviure  fine,  niulTipheit  by  two. 
Thn«  v&lues  mn  intUoat«il  in  ihr  vertical  line  tlrmwn  to  tlie  rittht.  which  -thiiw*  thai  the 
Averuifr  pretnun!  at  the  time  tif  ttie  exiwriment  wut*  MK)  iniriH.  Hm;.  I'hr  sniajl  «sixe  nf  the 
vanatiimn  in  prpfvfure  due  tu  each  heart  lieu t  i-4  altofcether  a  fal>e  picture  due  tu  the  inertia 
4if  the  mercury,  it-  inability  tii  fnHow  r<>Mir>leteIy  the  (piirk  rhunjre.  Mach  heart  lieal, 
inntead  uf  heinx  anialler,  !>hi>uld  be  larger  than  the  rvftpiratory  wavett. 


<lctennined  I)y  otlier  means  (see  I>eIow),  and,  if  the  knowledge  thus 
obtained  is  applied  to  the  correction  of  the  rcci>rd  of  the  niercury 
manometer,  the  tracing  given  in  Tig.  179  should  have,  so  far  as  the 
heart  beats  are  conceme*!.  somewhat  the  api)earance  sh(iwn  in  Fig. 
180.  This  latter  figure  gives  a  more  accurate  mental  picture  of 
the  actual  conditions  of  pressure  in  the  large  arteries,  as  influenced  by 
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the  heart  beat.  These  arteries  are,  in  fact,  subject  to  very  rapid  and 
very  extensive  changes  in  pressure  at  each  beat  of  the  heart,  and 
these  changes  are  naturally  more  pronounced  when  the  force  of  the 
heart  be^t  is  increased. — for  instance,  l)y  muscular  exercise. 

Systolic,  Diastolic,  and  Mean  Arterial  Pressure. — As  stated 
in  the  last  paragraph,  the  arterial  pressure  in  the  larger  arteries 
undergoes  extensive  variations  with  each  heart  beat.  The  maxi- 
mum pressure  caused  by  the  H3'Rtole  of  the  heArt,  the  &pe\  of  t\ 
pulse  wave,  is  spoken  of  as  systolic  prt^ssure:  the  mininuim  pressur 
in  the  artery — that  is,  the  pressure  at  the  end  of  the  diastole  of  the 
heart,  or  the  bottom  of  the  pulse-wave,  is  known  as  the  diaMdic^ 
pressure.  In  a  dog  under  ordinarj?"  conrlitions  of  experimentation 
the  systolic  (lateral)  pressure  in  the  aorta  may  l>e  as  much  as  168' 
mms,.  while  the  diasttilic  pressure  is  only  100  mras.     In  man  the 


Fio-  ISO.— Schematic   rvr>rc!^iitatinn    uf  the   pressure   ctuLngfi   cauw>«l   hy  r^ach   ho&r^- 
brat.     The  soheinu  reiiresenty  three  lieart  lieatSMiiprKMed  to  be  recorded  nnn  ntpitlly  mov 
Mirfaoa  by  »  msnunieter  delirulp  enuuith  to  Fcilltiw  the  pressure  rtmnKC«  accurately.     " 
top  oX  tbe  puLn  wave  EaeofUren  the  f>yMoUc  ijreaaure;   the  butium  the  diaittolic  |m 


systolic  ]>re8sure  as  measured  in  the  brachial  arter>'  may  be  taken 
in  round  numbers  as  equal  tti  1 10  mms..  while  the  diastolic  pre*isure* 
is  only  65  mms.  The  difference  between  tlie  systolic  and  the 
diastoHc  pressure  has  been  designated  conveniently  as  the  pidsr 
prfHsurr.  It  measures,  f)f  ccnirse,  the  variation  in  pressure  in  any 
given  artery  cause<i  by  the  heart  l»eat.  and  so  far  as  that  arter>-  is 
concerned  it  gives  llie  force  of  the  heart  Iteat.  From  the  figures 
given  above  it  will  be  seen  that  the  p\dse  pressure  in  the  brachial 
arter\'  of  man  averages  4o  mms.  Ilg.  Each  systole  of  the  heart- 
ilistends  this  arter\',  therefore,  by  a  suddeu  increase  in  pressure 
equal  to  the  weight  of  a  rohmm  of  mcrcur>'  45  mms.  high.  As 
we  go  outward  in  the  arterial  tree  the  pulse  pressure  becomes  less 
and  less,  the  oscillations  in  pre.saure  with  each  heart  beat  are  less 
marked,  until  finally  in  the  smallest  arteries  and  ca()illaries  and  in 
the  veins  there  is  no  pulse  wave,  and  no  difference  between  systolic 
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and  diastolic  pressure.  In  speaking  of  the  pressure  in  the  blood- 
vessels we  refer  usually  to  what  is  railed  the  mean  prcRsure.  It  is 
obvious  that,  so  far  as  the  larger  arteries  are  rtmreme<l,  the  mean 
pressure  is  only  a  convenient  expression  for  the  average  pressure 
during  a  certain  periotl.  If  we  know  at  any  moment  the  systolic 
and  the  diastolic  pressure  in  an  artery  we  can  estimate  the  mean 
pWBBUre  with  approximate  accuracy  Ity  taking  the  arithmetical  mean 
of  the  two  figures.  In  physiological  observations,  as  a  rule,  no 
attempt  is  made  to  estimate  the  mean  jtressure  for  any  given  time 
with  mathematical  accuracy.  In  the  oniinarv*  tracing  as  given  by  the 
mercury  manometer  (Fig.  179)thc  mean  pressure  forany  given  period 
during  which  the  variations  have  been  synunetrical  and  not  ex- 
treme is  estimated  from  the  arithmetical  mean  of  the  highest  and 
lowest  points  reached.    When  desirable,  the  mean  pressure  may  be 


M  "^^JNptji^  191. — Behema  to  indir«t«  the  irenvral   relationa  of  ayBtoUc,  tne&n,  ukI  diastolic 
^VMHNa  throtticbout  the  Krt«hal  N>>tefn:  «,  Sytitolio;  m,  mean;  d,  diastolic;  c.  pressure 
m^  b«icmnui|r  of  the  capUlarie*.     Tbo  divtance  from  «  to  d  repreBeot«  Ute  pulae  preoBura  at 
diffeienc  pirXa  of  the  arterial  nyiiteni. 


recorded  by  introducing  a  resistance  (narrowing  the  tube)  between 
the  artery  and  the  manometer.  The  latter  will  then  record  mean 
preflBure  and  show  no  variations  with  the  heart  beat.  A  general 
idea  of  the  variations  in  systohc,  diastolic,  and  mean  pressure, 
as  also  pulse  pressure  throughout  the  arterial  system,  may  be  ob- 
t&ineil  from  the  schema  given  in  Fig.  ISl, 

Method  of  Measuring  Systolic  and  Diastolic  Pressure  in 
Animals. —  In  animals  in  which  the  manometer  may  be  connected 
ilirectly  with  the  arter>'  the  systolic  and  diastolic  pressures  may  be 
obtainefl  in  one  of  two  general  ways:  (1)  By  using  some  form  of 
pressure  recorder  or  manometer  sufficiently  mobile  to  follow  very 
quick  changes  of  pressure.  (2)  By  using  a  men;ur\'  manometer 
provide<l  with  maximum  and  minimum  valves.  ( )f  the  manometers 
that  have  been  devise<l  to  register  accurately  the  quick  changes  in 
presBOre  due  to  the  heart  beat,  the  two  that  are  most  frequently 
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referrefl  to  in  physiological  literature  are  the  spring  manometer  of 
Pick*  and  the  lueuibrane  manonieter  of  Hiirthle.t 

The  Kick  manometer  is  sliuwn  in  Fig.  182.  It  consists  of  a  flat,  hoUoff 
iiK'tnliir  spriiiK  bent  into  the  htrni  of  a  C.  The  interior  Ls  filletl  with  liquid 
anti  18  conneclod  l>y  rigid  tuljiiig  ^iLso  Hlled  with  liquid,  witli  ihe  iniorior  ol 
the  Jirter>'.  The  variations  of  pressure  in  the  Hrt*'r>*  are  transmitted  to  ih? 
int^'rior  nf  the  spring  and  tend  to  straighten  it.  thus  causing  corresponding 
movcnicnf.s  of  the  free  end.  Before  or  after  using  this  inslnnnent  it  must  b« 
calil>raied,— thai  is,  the  variations  in  inovetnent  must  be  given  absolute  values 
in  terms  of  millimeters  of  mercury  hv  asoertaimng  directly  the  extent  of  move- 
ment cuused  }i\'  known  pn*ssurps.  Tho  Hurthle  manometer  is  more  frequently 
iihckI  :it  presciil.  The  principlf  iiukK"  usi-  (if  in  thi^  iustnunerit  i.n  illui-tratcfl 
by  the  diafrram  in  Fiir.  Is3.  The  iiistnunent  consists  c»ss(»ntia!Iy  of  a  small 
box  or  tandxjur  of  verj'  timited  capacity;   the  top  of  the  luinfiour  \»  covered 


Flir.  182. — The  npnng  manoniplpr  of  Kirk  ^nfter  Lanomdcrff) :  /.  The  fl»l  metal 
tube  fuied  with  liquid;  r,  the  lead  hi^M*  eotniiM'liiig  with  the  artery;  A.  k.  A.  ihc  lever 
tnechaniftm  of  lti;ht  woot)  oonirtiuniculini;  tti?  inr>vement«  of  /  to  the  writinx  ptJint,  »;  p,  a 
araall  disc  imnierMd  in  a  vessel  '^f  *iiJ   to  .«till  further  «iaiti|>en  the  inertia  Awiiinv. 


with  thin  rubber  dam  ar»d  the  cavity  is  filled  with  liquid  and  connected  by 
rigid  lulling,  al«»  filled  with  liipiid.  with  the  interior  of  the  arter>'  nr  heart. 
Variutions  in  ppe.«sure  in  lln^  artr^ry  are  transmitted  through  the  colunm  of 
liquid  to  the  r\ibl>er  meinbranp  of  the.  tambour,  and  the  movements  of  this 
latter  are  greatly  tni«rni(uHl  by  a  sensitive  lever  attached  to  it.  Tlie  liquid 
I'onductifin  tmd  llu-  Hiuall  size  of  the  tambour,  wliirh  prevents  any  notice- 
able outflow  of  licpiid,  combine  to  give  a  sensitive  and  vent*  prompt  reconi  of 
pressure  fliungt^.  It  ia  al«(i  neres.sar\' to  enlibralo  this  inntrument  whenever 
need  in  onler  to  give  nbsolutr  values  to  the  reixtrds  obtained.  .\  s|>ecimeii 
of  a  blofjd-pressure  rccf»rd  obtained  with  this  instrument  is  shown  in  Fig.  ISo. 
It  will  l»e  noticed  that  the  size  of  !he  heart  beat,  relative  to  llie  diManee  from 
the  btise  line  is  mnrh  greater  than  in  ihc  rei-oril  ubtained  with  the  mercury 
znariometer,  Fig.  179. 

•Fick,  "Archiv  f.  Physiologic,"  1S64.  p.  583. 
t'*Archiv  f.  d.  gcsiunmte  Physiologic"  40.  45.  1S9I 
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Fig.  183. — rHoffrain  nhnwinir  conrtructian  of  HQrthle's  roaDometer. — (After  CurtU.} 
The  interior  of  tb«  heart  of  the  artery  is  connected  by  rigid  tubins  to  a  very  small  tambour, 
T.  The  tubing  and  the  tambour  are  filled  w-ith  liquid.  The  iDoveinent*<  of  the  rubber  darn 
covering  the  tambour  are  Rreatly  niafFnitie<l  by  a  compound  lever,  S.  The  tendency  of  this 
levsr  to  "fling"  may  be  |>rpvente<l  oy  an  arrangement  not  (tbown  in  the  diagrmm.  Thtf 
eawDti&l  principlo<i  of  the  reconler  are,  fip<t,  liquid  canductinn  from  heart  t-o  tambrjur; 
■eeood,  a  wry  smatl  ta.rabour  and  nietnbraae  so  tlutt  a  minimal  volume  of  liquid  escapes 
from  toe  heart  into  the  tambour. 


To  the  Of&jy 


Fig.,  184. — Sehema  to  illustrate  the  tue  of  valve*  in  detenntniog  maximum  (systolic) 
and  muiimum  (diastolic)  btuud-preasure.  When  stopcock  a  is  open  the  heart  bcwtn  are 
transnitted  through  the  Diaxlmmii  \alve  and  the  mercury  in  the  manometer  U  prevented 
frocu  falling  betweeti  Ijeats.  The  manometer  nill  record  the  higheat pressure  reached  during 
the  period  of  observatiuu.     The  revenw  uccurs  when  valve  b  alone  la  open. 

20 


1 


450 


CIRCULATIOK  OF  BLOOD   AND  WMPH. 


The  nietluHl  ihal  depends  up<*ii  the  uf*  of  maximum  and  minimum  vaJvr* 
inav  he  understood  hy  reference  to  Fig.  1S4.  L)n  the  puth  between  the  artery 
and  i\\v  maridrnfteront'  may  place  a  maximum  and  a  minimum  valve  soar— 
rnngLd  thill  Uie  M<H)il-ipre:*sure  and  heart  l>ejit  may  he  transmitted  llirough 
eitiier  vahe,  As  is  siiown  by  the  fipure,  if  the  conneoiion  is  mamuinftcl 
tlir*iUKli  the  maxinuim  vjilve  for  a  certain  time  the  highe^l  pre-*>ure  reacbecLl 
during  that  period  will  be  recorded,  while,  when  the  minimum  valve  is  ii«<i 
the  lowest  pressure  reached  will  l>e  indicated. 

Such  valves,  of  course,  act  slowly  and  can  not  be  used  to  deteniiine  th^ 
nuiximum  nnd  minimnm  pressure  in  the  arter\'  during  a  single  heart  hett  ; 
they  record  the  highest  and  towest  point  reached  during  a  certain  giveo 
interval. 


Fig.  186. — Blood-prewurt  record  from  a  d<ig  with  «  HflrlMe  manometer.  The  *« 
of  tli«  heart  beat»  i»  relnlively  much  icnfater  than  with  a  mercury  manometer.  In  ihia  cMtt 
the  tyBtolic  pressure  in  abuut  160  mniti.  Hg;  tlie  dia^tulic,  100  mms.;  and  the  heart  beat  or 
pulw  pleasure,  50  mmv. 


Actual  Data  as  to  the  Mean  Pressure  in  Arteries,  Veins, 
and  Capillaries.— The  inc«n  valui?  <»f  the  prepare  in  the  aorta 
lias  het^rnietennineJ  fur  many  niamnuils.  It  is  found  that  the  actual 
figTires  vary  with  the  conditions  under  which  the  results  liave  been 
obtained.    Such  values  as  the  following  may  be  quoted:* 

Horse 321  mnis.  to  150  mms.  Hg. 

Dog 172     "       "104     *'      " 

Sheep 206     "       "  15«      "       " 

Cat 160    " 

Rabbit 108    "       "    90      "      " 

Man  (probable,  Tigerstedt) 150     " 

It  appears  from  these  figures  that  there  is  no  proportion  between 
the  size  of  an  aninial  and  the  amount  of  mean  arterial  pressure.  It 
is  probable  that  there  may  be  a  general  relationship  between  the 
size  of  the  animal — that  is.  the  size  of  the  heart — and  the  amount 
of  pulse  pressure  or  the  oscillation  of  pressure  with  each  heart  beat, 
but  sufficient  data  are  not  at  hand  to  detcnninc  this  point.  As 
we  pass  from  the  aorta  to  the  snialler  arteries  the  mean  pressure 
decreases  somewhat,  although  not  ver\'  rapidly,  while  the  pulse 
pressure  decreases  also  and  to  a  more  noticeable  extent. 

•See  Volkmftim.  "Die  Hacmodynamik/'  1850. 
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^^H        This  fact  is  illustrated  in  Fig.  186,  which  gives  a  graphic  represen-        ^^M 
^^^  tation  of  a  number  of  experimental  detenninations  (Dawson)  of        ^^M 
■        systolic  and  diastolic  pressures  in  the  large  arteries  of  the  dog,              ^^H 
H             If  we  turn  to  the  other  end  of  the  vascular  system,  the  veins,        ^^M 
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at  the  rate  of  1  mm.  Hg  for  every  35  mms.  of  distance. 

such  (igures  as  the  f oUo^-ing : 


We  have 


OinMnor  <reo*  e*v» 
Omu  auricle) 

flBperior  vetw  cava 
nor«  distal 

Evt«nul  juruUr  (left) 

Rijffat  brmrhuJ 

hSt  tmami 


-2.96  mm<L  Uc- 

-1.38     " 
0.52  mm.      " 
3.90  mnu^    ** 
5.12     " 


JacaUr  ▼«■■ 

FftcuU  vein 

Bnnch  U  brrndkU 
Cnif»l 


.  as 
.  ao 

.  QJO 
.XIA 


s.* 


At  the  heart,  therefore,  the  pressure  of  the  blood  upon  the  walls 
of  the  veins  is  nearly  nil,  and,  indeeiU  owing  to  the  circumstance 
that  the  large  veins  lie  in  the  thoracic  cavity,  in  which  the  preasure 
is  below  that  of  the  atmosphere,  the  tension  of  the  blood  in  them 
may  l>e  slightl}'  negative.  To  complete  the  general  conception  of 
the  pressure  relations  in  the  vascular  system  it  is  necessan'  to  know 
the  pressure  of  the  blood  in  the  smallest  arteries  and  veins  and  iu  the 


m 


Yifi.  IS7.— Schemfttic  repreHentation  of  thr  i^neraJ  relations  of  blood-pransuiv  [side 
pretMure)  In  different  i>arUi  of  the  voitcular  ^yi•t■«^):  <i,  The  art«riea;  c,  tb«  oaiiiUariev ;  r. 
the  veina.  The  mean  and  diaaColie  pr«murea  r«tuain  oearly  ooostant  in  the  arterial  qratem, 
as  far  as  they  can  be  maamred  accurately. 


capillaries.  It  is  not  possible — in  the  case  of  the  capillaries,  for 
instance — to  connect  a  manometer  diiectly  with  the  vessels,  and 
recourse  has  l)een  had  to  a  less  direct  and  certain  method.  The 
capjllHr>'  pressure  in  <lifTerf?nt  regions  of  the  skin  has  been  estimated 
by  detfiniiiiiint;  the  pressure  neces.'sar}'  to  obliterate  them — that 
is,  to  blaiicli  the  skin.  A  glass  plate  is  laid  upon  the  skin  or 
mucous  membrane  and  weights  are  added  until  a  distinct  change 
in  the  color  of  the  skin  i.s  noted.*  Knowing  tiio  nocessary  weight  to 
proilnce  tbi.s  effect  anil  the  area  submitted  to  compression,  the 
pressure  may  be  expressed  in  terras  of  millimeters  of  mercurj*  or 
blood. 

Tho  following  oxainplo  may  Ijc  usod  to  illu.stratc  this  method.  Suppose 
that  t  he  sIhss  plate  ha^  an  urea  of  4  aq.nini9..  &nd  that  to  blanch  the  skin  under 
it  a  weight  of  1  jrm.  is  necmsark';    1   gm.  of  water  =  1  c.o.  or    lOOO  c  mms. 

*  V.  Kricfl,  "Berechte  d.  Siichs.  Geeellschaft  d.  Wias.  Math.-pby8.  CUase," 
1875.  p.  14S. 
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Thnrfore  to  bUnch  this  area  vrould  require  a  oolumii  of  water  contain- 
ing tUOO  c.muu.  with  A  CTOBft-area  of  4  sq.mmH.  The  height  of  this  column 
would  therefore  be  equal  to  ^<**  or  250  mnia.  of  water,— that  ia,  IS. 5  mms. 
Hg. 

The  results  obtained  by  this  method  are  not  very  constant  and 
can  only  be  considered  as  approximate.  It  would  ap}>ftar,  how- 
ever, ttiat  the  pressure  lies  somewhere  ^vetween  2(>  and  4(*  nims. 
of  merciin'.  Thus,  upon  the  gunis  of  a  rabbit  von  Kries  found  a 
capillar}'  pressure  of  33  mms.  Hg. 

The  general  relations  of  tlie  pressures  in  arteries,  veins,  and 
capillaries  mav  he  expressed  in  a  cnrve  such  as  is  shr)wn  in  Fig. 
187- 

The  Method  of  Determining  Blood-pressure  in  the  Large 
Arteries  of  Man. — It  is  a  matter  of  interest  and  practical  impor- 
tance to  ascertain  even  approximately  the  arterial  firessure  in  man 
and  its  variations  in  healtli  and  disease.  The  first  practical  method 
for  determining  this  point  upon  man  was  suggested  by  von  Basch 
(1S87),  who  devised  an  instrument  fur  this  [niqMise,  the  sphygmo- 
manometer. Since  that  time  a  niiml>er  of  different  instrument-s 
have  been  described,  but  attention  may  I»e  called  to  two  only,  which 
are  among  the  most  recent  and  convenient.  In  the  first  place,  it 
must  be  clearly  recognized  that  the  arterial  pressure  in  the  large 
art<?ries  of  man  shows  marked  variations  with  the  heart  l^eat:  the 
pressiire  during  the  l>eat  of  the  heart  rises  suddenly  to  a  much  higher 
level  than  during  the  diastole.  The  relation  of  the  systolic  (or 
maximum)  and  diastolic  (or  minimum)  pressures  is  indicated  by  the 
diagram  in  Fig.  ISl.  The  instniments  that  have  been  invented  for 
nining  human  blood-pressure  are  in  reality  adapted  more  or 
accumtely  to  determine  one  or  the  other  or  both  of  these  pres- 
sures. No  iastniment  has  been  devised  for  cletennining  the  mean 
pressure,  and,  indee<l,  fn>m  a  physiological  standfKjint  such  an 
instniment  would  not  l>e  so  valualde  as  one  that  gives  us  the 
figures  corresponding  to  the  syst^ilic  and  the  diastolic  pressures 
and  thus  allows  us  to  calculate  an  approximate  mean.  For  it  is 
evident  that  in  the  latter  case  we  should  be  in  ixjssession  of  more 
datA  with  which  to  analyze  the  causes  for  any  given  variation  in 
prMsure.  The  principle  of  detemuning  the  systolic  pressure  alone 
is  ver\'  simple:  it  consists  in  determining  the  amount  of  pressure 
necessary*  to  comj)letely  oi)literate  the  arten;, — that  is.  to  prevent 
pulse  from  f>assing  tlirough  the  region  under  compression.  This 
principle  was  used  originally  l)y  von  Basch,  but  its  application  has 
been  made  |)erhaps  most  successfully  in  the  simple  apparatus 
teil  by  Hiva-Rocci,  which  is  adapted  e8i>eeially  for  measure- 
of  f»rGSfi5ure  in  the  Itrachial  artery.  One  form  of  this  instru- 
ment is  represented  in  Fig.  188. 
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The  leather  or  canvas  band,  a,  is  buokled  snuglv  around  the  arm.  On 
the  inner  surface  of  this  band  there  is  a  rubber  bag  which  comnmnicales  with 
tlie  mercury  niHUOiuoter.  H,  and  the  pressure  htilb.  r.  When  the  bfitid  is  in 
place  rhythmical  Cfjuipressions  of  c  will  force  air  into  the  rubber  bag  surround- 
ing the  arm.  This  bag  is  blown  up  and  exerts  pressure  upon  the  arm  and 
through  the  arm  tissue  uijon  tlie  brachial  artery.  The  amount  of  pressure 
that  is  being  exerted  upon  the  ftrm  b  indicated  at  any  moment  by  tne  mer- 


Fiit.  188. — Fi«yre  of  tho  Iliva-R.K'ci  ummmfus  t-S'iWO:  fi.  The  leather  collar  wilb 
ipaido  rubber  boic  to  ku  on  the  Arm;  c.  the  hulb  fur  bluwinc  ui>  the  rubber  bofi  and  thus 
eompreiuang  the  artery;  d,  the  manometer  dlppLns  into  ttw  reservoir  of  mereur^p,  o,  to  noeaa- 
aure  the  amount  of  pressure. 

cury  manometer.  The  moment  of  obliteration  of  the  artery  ia  determined 
by  feeliuR  (or  recording)  the  pulse  in  the  radial  artery.  The  moment  that 
this  puis*'  disappears,  as  the  pre-Hsure  iipfiii  the  briuihial  is  raised,  indicates  the 
maxunum  or  aysloUc  prea«ure  in  the  brachial  art  cry.  As  the  pressure  is  low- 
ered ajfiiin  the  pulse  reappears.  Aninng  other  sources  of  ernir  involved  in 
this  method  it  is  to  he  rememl)ered  that  the  tactile  sensibility  is  not  sufficiently 
delicate  to  detect  a  minimal  pulse  in  the  artery.     Other  methods  of  determin- 
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Kiff.  189. — Schema  to  inu.<ttrate  the  fact  that  when  the  preanure  upon  the  outside  of  the 
artery  U  equal  tn  the  dtaj^tnUc  pre^.'^ure  the  pul^  wuve  will  eauMe  a  maximal  cxiwrision  of 
the  artery-:  n  repre^ent'^  the  normal  artery  duitende*!  by  dia^iolic  blood-prewure;  the  dotted 
lines  indicate  the  addiiiunul  expansion  caused  by  the  pul-^e  wnve:  6  repreaeui-it  the  artery 
when  compre».«d  by  an  outside  prewurv  equal  to  the  di;i.-t4ibc  premurti  within;  the  artery 
then  takes  the  fiise  of  an  empty  artery  kept  patent  by  the  rigidity  of  ica  walia.  Tbe^pulas 
wave,  on  reaching  this  sectioD,  tinda  a  relaxed  wall  and  causes,  therefore,  a  roarimuni 
exlenaioa. 


ing  the  syatolic  pressure  (see  below)  indicate,  as  a  matter  of  fact,  that  the 
puLse  continues  some  time  after  an  indivndua!  of  average  tactile  sensibility  is 
tmable  to  detect  it. 

To  determine  the  diastobc  pressure  is  more  difficult  and  re<|uires  some- 
what more  apparatus.  The  phtjcmle  employed  was  first  sugReated  by  Marey 
and  first  practically  appUtnl  Ijy  Mosao.*     The  method  consists  in  recording 

*  "Archives  italiennes  de  biologic,"  23,  177,  18!>5. 
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by  aomr  means  the  ptiUations  of  the  artery  under  different  pressures  and  de- 
termining under  what  pressure  the  maximal  pulsations  an?  given.  This  pres- 
sure should  l>e  et|Uid  lo  the  di:u«lolic  prej*sure  within  tho  artery*.  Thp  prin- 
ciple involved  may  l>e  illvislrattHl  by  the  accompanying  figure  tHjj.  1S9). 

Lei  a  n-pn^'Ut  a  loiiRitudinal  section  of  an  arter>'  dislentleil  hy  normal 
diastolic  arterial  pressure.     At  eaeh  hoiirt  Utnit  the  force  of  the  puLse  uiH  dis- 
tend the  arter)-  still  more,  as  represent<xl   hy  I  he  dtttted  line.-^,  and  this  in- 
creaae  in  size  may  l)e  measured  ny  propver  transmitting  j:ppara!u>.     If  now 
preasure   is  hrou^ht   to   l>ear   ufxin   the   outside  ftf   I  lie   ;mer>'    its    lumen 
will  be  dimini.sheid  as  the  outside  pn*s»ure  is  increa.-M'd.  and  when  this   pres- 
sure is  equal  ut  the  di:Lst*iUc  liltwd-pre«suro  within  the  arii-ry  one  will  neu- 
Uftliie  the  other,  and  ttie  diameter  of  tlu*  Mrlery  will  h**  «'ifii»1  lo  tlial  iissnnied 
when  the  vessel  contains  blood  under  no  prci>surc  iind  i.s  kept  piitent  only  hv 
ibe  stiffnen  of  its  walls  (h).     Under  tliis  coTtitiiimi  the  puU*  wavi-  when  it 
tfrnvcrses  this  portion  of  the  ve»^l  finds  it,-,  walls  wmipleiely  relaxed,  us  it 
mnd  the  lorw  of  the  heart  wave  will  ci>ns<'<iuently  caiiH.*  a  greater  dis- 
of  the  arterial   walN  and  a   larger   puis*-   wave  in  the  recording  ap- 
paratus.    If  the  outside  prefisure  is  increased  Lteynnd  the  amount  of  diastolic 
preonuT  it  will  not  only  neulrahze  this  latter,  hut  will  tend  (o  overcome  the 
■     gtiffiiqw  of  the  arterial  wall.     When  the  puUe  wa^  e  nii.s.se»  t  hniugh  this  stretch 
I    it  will  be  forced  not  only  to  distend  the  wall:^.  Iiut  also  to  (veroome  the  excess 

Fis.  too. — Reconl  (Eriangrr)  In  »how  ihr  maxin  utn  t>i>p  <if  the  rFcr>rded  pulH 
WW  wDen  the  outtaile  ur  pxtravaATulflr  prew*ure  )»  equal  to  the  internal  tliikjitolir  prfmure. 
Tba  arMnr  ia  eomprMMd  fin>t  with  a  prv^^ure  al>ovc  .-y?«o>lir,  r^ufru'u^nt  i<t  uhlitrnife  tha 
MIL  Am  this  pwufB  i»  lowertHl  in  Htp|>--  nf  A  ninitt  the  rernrilrtl  pul^  wa^v  liicreuj<««  in 
V  to  m  maxitnimi  sod  tbea  ac&in  becomeij  aiDoller  '1  he  Miit«iiJe  presi^urp  with  which  the 
xaaum  polav  is  obtained  measuns  the  unouat  (if  t\w  intenuU  diastolic  prewura  (Marey'a 
Beiple). 


.^tamMjft^^' 


of  prasure  on  the  outside.  The  movement  of  the  walls  with  the  pulse  wave 
win  \t^  leflrt  extensive  in  projKirtion  to  the  exces*  of  pressure  on  tne  out.-iide. 
If,  therpfore,  one  start*?  with  an  outside  prertsurv  suincii'iit  to  obliterate  the 
artery  completely  the  recorded  pulse  wave  will  lie  small.  As  this  pressure 
tfl  diminished,  the  puh^  waves  l>eeom**  larfrer  ut>  t(»  a  certain  point  and  then 
decrease  afrain  in  size  (see  Fip.  MK)).  The  out.side  pressure  at  which  this 
maximum  pub*e  is  obtained  measures.  accordiuK  lo  the  prinrinle  stated  above, 
the  diastolic  pre*wiire  within  the  artery.  That  the  principle  is  correct  has 
been  shown  by  direct  ex(>friments  upon  the  exposed  arter\'  of  a  dop,  in  which 
the  prcs«ure  was  measured  bv  the  method  outlined  al)ove  and  aLsci  directly 
by  a  manometer  conn<?cted  with  the  interior  of  tfie  artery.*  In  such  exfien- 
ment^  u(«on  man,  however,  one  ct»ndition  is  nrese nt  which  detract*  from  the 
aboolute  value  of  the  results  ol.>taiiu>d,  ultliou^h.  since  it  is  substantially 
%  constant  factor,  it  does  not  seriotisly  interfere  with  relative  results,  that 
ia.  with  observations  upon  the  variations  of  pressure  under  different  condi- 
tions. This  source  of  ernir  li«^  in  the  fact  that  in  the  living  perwrn  the  out- 
side pressure  can  not  he  applied  directly  to  the  arteries,  but  only  hidirectly 
throufth  the  inten-eniuR  tissut^s.  These  tissues  interpose  a  certain  recnstanoe 
lo  the  pressure  exerted  from  without,  and  some  of  this  pressure  must  be  spent 

*  Howell  and  Brush,  "Proceedings  of  the  Massachusetts  Medical  Society," 
1901. 


W«toUilD«ty):  «, 
amvatkdm  opca  aad 


jpon  tli^H 


ntw<feMfib«d  above.  By  meamm  c(tht^  uuu  t  b^.  <•,  the  b^,  a,  upon" 
amwblows  op  vata  tbeuimwm  is  afao%«  the  sjntolic  ptvastuv  «nd  the  radia) 
pvlMbflovdMippeen.  BjrtOBiaKslopeDck  tptopeHy  tbesyvtefn  ixsillow^ 
Ui  «MDMBie«lc  with  the  air  thiin%li  m  tamMatrr  opening,  kl  Cozuequoni  \y 
Ihe  piWMPK  upoti  the  vtcrf  n  the  aim  bli  dowir,  and  br  palpating  (he 
radtal  artCfy  one  can  deCenuna  the  iMWUie,  aa  measured  by  thr  merrury 
'nr.ai  winch  the  imfae  juit  ^^  thiou^  This  preaeiure  will  mcfieure 
the  ayalofie  uKJWue,  The  eeeood  method  pves  hif^her  and 
^^  itaon aeeurate  roulta.  In  this  method  the  pressure  is  at  first  raised 
aoove  vjratAiic  prearars  with  stoporH?k3  W  axui  g  open.    a.  e,  and  h  are  under 

•"Afn**riean   Journal  of   Phvsiologty,"   "  Proceed in^^s    of  the  American 
Thydokn^eml  Society,"  6,  xxii.  1902;  and  "Johns  ilopkins  Hospital  Reporta." 
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the  aame  praesure.  If  stopcock  g  is  now  turned  ofT,  the  pulsations  in  a  are 
transnutt«a  to  t  and  through  it  to  the  tambour,  h,  and  the  lever  of  the  tam- 
bour writes  these  pulsatiorus  on  a  kymogmphion.  It  nhuuld  t>c  explained  tliat 
puktttiona  are  obtained  even  when  the  pre^surrr  tin  the  arm  i.^  mucn  more  than 
•oAocaat  to  oompletelv  obliterate  the  hriichial  artery.  The  rea.son  for  this 
Wthat  the  pulsations  of  the  central  Httimp  of  the  closed  urten^'  will  he  communi- 
cnAed  to  baf^  a.  When  the  pressure  is  aupritsystolic  these  pulsations  are  small. 
If  now  the  pressure  in  the  system  is  diminishetl  slowly  by  laming  stopcock  i 
«o  as  to  communicate  with  the  cupilltiry  opening,  k,  it  will  l)e  found  that  at 
A  certain  point  the  pulsations  suduenly  increase  in  height.     This  point  marks 


103. — Erlaoflvr  nppiinttiw.     The  collar  for  tlie  ami  ta  not  ithriwn.    The  parts  may  b« 
aDdem^MnJ  by  reference  tn  the  M-bonia  ffiveu  io  Fig.  101. 


the  moment  when  the  pul^e  wave  is  first  able  to  break  through  the  brachial 
artrrj',  and  it  gives,  therefore,  the  systolic  pressure.  After  finding  the  sys- 
tohc  prtiesure  the  diastolic  pruHsun>  is  obtained  by  allowing  the  pressure  to 
drop  rtill  further.  The  pulruitionn  increase  in  height  to  a  maximum  sixe  and 
ihrn  defretwe.  The  pressure  at  which  (h**  tnaxiniuni  pulse  wave  i.s  obtained 
murk^  the  diastolic  prea6iun\  It  is  l>ett<'r  perhaps  in  dropping  the  pressure 
for  this  l.'ust  purprtsc  to  muni|iulnte  t^topcoclv  i  so  as  to  dmp  the  pre-^-^ure  5 
mni.1.  at  a  time,  recording  the  pub*e  wrive  at  each  pressure.  In  tnis  wav  a 
r««ird  is  obtained  such  m  is  given  in  Fig.  190.  It  should  he  added,  also,  that 
in  order  to  keep  the  lever  of  the  tambour  horisontal  while  the  pressure  in  the 
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system  is  being  lowered  tliert*  is  a  miniito  pinhole  in  the  metal  Iwttom  of  thsJ 
tambour.  Through  lliis  pinhole  the  preiscsurc  in  the  itunlx>ur  and  chamber, 
/.  is  kept  atmospheric  thrftiighoiit,  except  during  the  quick  changes  caused 
by  the  pulse  waves.  Uy  meatus  of  this  instniniput  mie  can  determine  within 
a  minute  or  80  the  amount  of  the  systolic  and  diiu*tolic  pressure  in  the  brachial 
artery,  and  also,  of  course,  the  difference  l>etwwn  the  two,  the  puLse  pressure, 
whicti  may  b«  taken  as  a  measure  of  the  force  of  the  heart  bclat. 

The  Normal  Pressure  in  Man  and  its  Variations.— By  means 
of  one  or  (jther  of  the  instninients  devised  fr>r  tlio  iHir[)ose  numerous 
results  have  been  obtained  regarding  tbe  Iduod-pressiire  in  man  at 
different  agea  and  under  varying  normal  an<l  abnormal  conditions. 
Unfortunately  the  methods  useil  have  not  always  been  complete. 
Some  authors  give  only  systolic  pressures,  for  exami>le.  In  such  ex- 
j>eriments  also  a  troublesomR  faetor  is  always  the  psyrliiral  element. 
The  mental  interest  that  the  individual  experimented  upon  takes  in 
the  procetliire  almost  always  causes  a  rise  of  pressure  and  perhaps 
a  changed  hfart  rate.  Results,  as  a  rule,  U|Kjii  any  individual  show 
lower  values  after  the  novelty  of  the  procedure  him  worn  i*fT  and 
the  pMtietit  siiliniits  t«  the  process  a.s  an  uninteresting  nnitine. 
L'nder  normal  eonrlitions  Potain*  estimatefl  the  systolic  pressure  in 
the  radial  of  the  adult  at  al>out  170  nmis.  of  mercur>*  and  the  varia- 
tions for  different  ages  he  expressed  in  the  following  figures: 


Age 


6-10 


15        20 


25        30        40       50       tiO       SO 


Pressure  (systolic)    S9      13,S      150       170      ISO      IflO      200      210     220 

Without  the  other  side  of  the  picture — that  is,  the  diastolic  pres- 
sure ami  the  force  of  the  heart,  beat  (pulse  pressure) — it  is  difhcuit 
to  interpret  these  figures.  The  ra|ud  inrreaije  up  to  maturity 
probably  represents  chiefly  the  larger  output  of  blood  from  the  heart; 
the  slower  and  more  regular  increase  front  maturity  to  old  age  is 
due  possibly  to  the  gradual  hardening  of  the  arteries,  since  the  less 
elastic  the  arteries  Ijecome.  the  greater  will  be  the  systolic  rise  with 
each  heart  beat.  With  his  more  complete  apjjaratus  Erlanger 
reports  that  in  the  adult  (20  to  25),  when  the  |:»sychical  factor  is 
exchxletl,  the  average  pressure  in  the  hnichial  is  1 10  nmis.,  systolic, 
aufl  65  mms.,  diastolic. — figures  much  lower  than  those  given  by 
Potain.  The  same  obsen'cr  rei)orts  observations  upon  the  effect 
of  meals,  of  baths,  of  posture,  the  diurnal  rhythm,  etc.t 

The  effect  of  meals  is  particularly  instnictive  in  that  it  illustrates 
admirably  the  play  of  the  comi>ensat4>n'  uicrhanisms  of  the  circu- 
hition  by  means  of  which  the  heart  and  the  blood-vessels  are  ad- 
justed to  each  (dlier's  activity.  Uuriiig  a  meal  there  is  a  dilatation 
of  the  blood-vessels  in  the  abdominal  area,  or,  as  it  is  frequently 

*  "La  pression  arterielle  de  Diomme."     Paris,  1002. 
t  Erlanger  and  Hooker,  "The  Johns  Hopkins  Hospital  Reporte,"  vol 
xii,  1904. 
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called  in  physiolog>',  the  splanchnic  area,  since  it  receives  its 
vasomotor  fibers  tlirough  the  splandinic  nerve.  The  natural 
effect  of  tliis  dilatation,  if  the  other  factors  of  the  circulation 
remained  constant,  would  l>e  a  fall  of  pressure  in  the  aorta  and  a 
diminution  in  bhK)d-flow  to  other  organs,  such  as  the  skin  and  the 
brain.  This  tendency  «eems  to  he  compensated,  however,  by  an 
increased  output  of  i>lood  from  I  lie  heart.  Observations  with  the 
Bphygmonianometer  show  that  after  full  meals  there  is  a  marked 
increase  in  the  pulse  preesuro,  indicating  a  more  forcible  beat  of  the 
heart.  So  far  as  the  effect  on  the  heart  is  concerned,  the  result  of  a 
meal  is  similar  to  that  of  muscular  exercise,  and  this  reiiction  may 
account  for  the  fact,  not  infrequently  obsen'ed,  that  in  elderly 
people  whose  arteries  are  rigid  an  apoplectic  stroke  may  follow  a 
heaN'y  meal. 


G 


CHAPTER  XXVL 

THE  PHYSICAL  FACTCHtS  CONCERNED  IR  THE  FRO- 
DUCnON  OF  ELOODFRESSUKE  AND  BLOOD- 
VELOCITY. 


In  The  p2i?ceviin£  pag<e?  some  of  the  essential  facts  ha\'e  been 
staie^i  rwTirdirur  The  pPK^.ire  and  the  vdocit>-  <rf  the  blood  in  the 
iliffejvr.T  :^rt5  of  The  \^a,s»c*ular  5>-5tcin.  We  may  now  consider  the 
physcA]  factor?  Tha:  ar>e  responsible  for  the  production  and  mainte- 
:*ani>e  of  Tho^  :^ouIiirl:ie?.  The  problem  as  it  actually  exists  in  the 
o:r\*ulaT:or.,  with  ::5  elasTic  vesss^rfs  \:an-ing  in  size  from  the  aorta, 
wiih  ar-  ::::er::al  iianiexer  of  neaiiy  30  nuns.,  to  the  capil- 
Iar:e5.  w::h  :&  dian:e:^r  of  oja^  ran:.,  is  extremely  complex,  but  the 
*??neral  5::v:u'  ^nd  .iyr-ar.iic  rrincipje?  invohTd  are  ample  and  easilT 

Side  PrvssTire  and  Velocitr  Pressure. — ^X^lien  water  flows 

thrt^v.ih  a  :v.':v  :;r..:t-T.  le:  us  say,  a  <\>nstant  head  of  pressure  it 

en-vv.r.:crf  a  res:<:A::.v  iue  :o  the  friction  between  the  walls  of  the 

ve<i>^x  ii::.i  the  :cir:-'\><  .:  w:ater.    This  resistance  will  be  greater, 

t'.v  ::..rr  -vt  r  tro  : .:  <.     A  V5»r    f  the  hea.i  of  pressure  used  to  drive 

:hv  1:  •.::  :  :il  r.^:  :he  :  ;''v  w:.!  -<»  -se-i  :r.  ••vemnrane  this  resistance 

:    ::>  ::.  vt::.-:.:.  ^r.  1  :ho  v  "..ir.-.t?  ;f  tht*  .'Utf.»>w  will  be  correspond- 

::.^iy  .::::.i:.i<hv '..     If  we  ■.:>t^  sr.  s:  vcir^t  :s  5-.:ch  as  is  representeil  in 

r:^.   !vv    ■  ::<:>:::.^    ^f  a  rvsn-r.*  ir.  H.  an:  a  lone  outflow  tube, 

1.  J    i.  4.  .'>.  :h-     vrr:  -a  :'r  ::.  :ho  tr.  i  ar. :  the  pressure  along  the 

:..-.-  ::...;     -.  "•:,..<  v.  :\^'.    Lrvvto ,     Wo  :v.:-t  s::ppi>se  that  the  head 

:  -  >.— v.ri  - :   .-.:  :<.  :!.•:  '.-i^h:  . :'  ::  -^  -^^iter  :r.  H — is  kept  constant 

y  -  ::  ..  •■  -...:  <       1  ■  -■  ><;-:.;:.  -e    r  >  ::>;  z  i"e  to  the  friction  in  the 

:     r   :•../      v    :-_.■;.>.;  ..:  ,^: -.    -.  :r:  -y  ir.T^rinc  a  side-tube  or 

...  -s  ::-:-.'    ,.■  •   ..-  -.   ■•       ':":>:  1:    ::  I  will  rise  in  this  tul>e 

'.     .:•:''.      T'y. <'*  :\ '.'■ :  z  :    '.  <  •  r*<.-  :rv    r  rvsLstance  oflfere*!  to  the 

■     '  *  ■-  .         .  ..-  :'  ..:  •.   ■-—:'.:'.:  is.  the  weight  of  the 

-  '     ..>   r^:  :"  V  *  >;^^  .:^--  it  that  >xnt  up>n  a 

-   "'.  --V ,  .  •     •  ^  •     ■   .     -.  ^<-..-^..    -  '/r.-y  f::^.     The  pressure 

"'■*"'      "  •■■"..■      -    >  ,  ,    •      -  ;.<  *p,^  »"',   ji^-.<.c', r»"  or 

•       ■     ■.'"'—<  ■   -  .:  -     f  re<:stAr.oe  offere^l 

*  ■   •  r-  ..   --^     "'  ■  v  :*::  *!-  r.  exerre-l  T;p»>n  the 

■       -     ■   •   .    ■     ••'•:-,:-  :•  :r.t  ^r.  :  the  exit. 

■  "   ■'    ■    -^    ''-;-   .   -•-   ^  •  !    -  -r  :::  the  r«>int  .^f  exit 
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to  the  resen'oir,  and  this  in  general  is  the  picture  presented  by 
the  circulation.  The  resenoir,  the  head  of  pressure,  is  represented 
by  the  a(»rta,  the  exit  for  the  outflow  hy  the  oi)ening  of  the  venae 
cavsp  into  the  right  auricle,  and  the  side  pressure  or  internal  tension 
of  the  bl(x>d  due  to  friction  a^;ainst  the  walls  of  the  vessels  increases 
from  the  venae  cavjp  hack  to  the  aorta.  If  from  aorta  to  vena  cava 
the  vessels  were  of  the  same  diameter  the  increase  would  lie  in  a 
straiRht  line,  as  in  the  case  of  the  model.  In  this  model  it  will  be 
notice*!  that  the  straight  line  showing  the  side  pressure  does  not 
strike  the  top  of  the  column  of  licjuid  in  the  reservoir,  l)ut  corre- 
sponds to  a  certain  height,  h\  This  expresses  the  fact  that,  of  the 
total  head  of  pressure  in  the  resen'oir,  which  we  may  designate  as 
Ht  %  certain  portion  ordy,  but  a  large  jx>rtion,  h',  is  used  ia  over- 


i    ""'^•^-. 


V^.  IBS. — Sehemm  to  illu^trmtc  the  •\iW  ttresflure  due  to  rvftifitanoe.  »nH  the  velocity  pr»»- 
mtrm  iTio^nttUt) :  H,  A  rfu^rvnir  ronismmt;  wnier;  1.  2.  3.  4.  A.  the  outflow  tube  with 
^■iiaHMCatricht  *ncla  (ofn«a.turc  tlie  aUo  prnt>BUre;  A',  the  portion  of  the  total  pre««ure 
«na  1a  orvreominc  tne  reauitajice  to  the  flow;  k.  the  rrartlon  of  the  total  pr«Mura  uasd  in 
iKOviiic  t^  colcunii  of  liquid— the  velocity  praMUre. 

coming  the  resistance  along  the  tul:)e.  What  is  left — that  is,  H-h', 
rfrpresents  the  force  that  is  employed  in  rlriving  the  liquid  thmugh 
the  tiibe  with  a  certain  velocity ;  this  portion  of  the  f)re3sure  we  may 
speak  of  aa  the  velocity  pressure,  h.  If  in  measuring  the  side  pressure 
at  any  jv>int  the  gauge  were  prolonged  into  the  tul>e  and  hent  so  as 
io  face  the  stream,  this  velocity  pressure  would  add  itself  to  the 
aide  pressure  at  that  point  and  the  water  would  rise  to  a  higher 
level  in  this  particular  tul>e.  There  are  two  imix>rtant  ilififerencea 
between  the  circulati«)n  &s  it  exists  in  the  l)od\-  and  that  repre- 
iieoted  by  the  mrKlcl.  In  the  Iwdy,  in  the  first  place,  we  have 
the  area  of  capillaries,  small  arteries,  and  veins,  intercalated  l>e- 
tween  the  large  arteries  on  one  side  and  the  veins  on  the  other; 
and^  in  the  second  i>Iace,  the  vessels.  esjxK'ially  the  arteries,  are 
extensible  and  elastic.     The  effect  causetl  hy   the  fii^  of  these 
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i  the  prevure  on  the  arterial  sde  and  !ower  it  on  the  venous  side. 
When  other  conditioas  in  the  circulation  remain  constant  it  is  found 
that  an  increase  in  peripheral  resistance,  causeil  usually  by  a  con- 
striction of  the  arterioles,  is  followed  by  a  rise  of  arterial  pressures 
and  a  fall  of  venous  pressures.  <>n  the  contrary-,  a  dilatation  of  the 
arterioles  in  any  organ  is  followed  by  a  fall  of  pressure  in  its  arten*  or 
arteries  and  a  rise  of  pressure  in  ita  veins.  The  effect  of  the  elastic- 
ity of  the  arteries  is  of  importance  in  connection  with  the  fact  that 
in  reality  the  circulation  is  charge*!  with  blood  not  from  a  constant 
reflervoir  aA  in  the  models,  Fip5.  193  anrl  194,  but  by  the  rhythmical 
beata  of  the  heart.  If  the  vascular  system  were  perfectly  rigid  each 
rhythmical  rharge  into  the  aorta  would  be  followed  by  an  equal  tiis- 
char^e  fmni  the  veme  cavif^  the  pressure  throufjhout  the  system 
would  rise  to  a  high  point  <luring  s}'stole  and  fall  to  zero  during  the 
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tliastolc.  The  elasticity  of  the  arteries,  in  aninection  with  the 
peripheral  resistance,  makes  an  iinjx>rtant  iJifTerence.  As  the  heart 
liiflcharges  int(»  tlie  mirta  the  pressure  rises,  hut  the  walls  of  the 
arterial  system  are  distended  by  the  increaae<l  pressure,  and  during 
the  following  diast*jle  the  recoil  of  these  distended  walls  niaintjiina 
a  flow  of  blood  through  the  capillaries  into  the  veins.  With  a 
certain  rapidity  of  heart  l>eat  the  distension  of  the  arterial  walls  is 
increaseii  to  such  a  point  that  the  outflow  through  the  capillaries 
into  the  veins  is  as  great  during  liiastole  as  during  s^'stole;  the 
rhythmical  flow  in  the  arteries  becomes  converted  by  the  elastic 
tension  of  the  overfilled  arterial  system  into  a  eontinuoua  flow  in 
the  capillaries  and  veins.  This  effect  may  be  ilhistratcd  by  a  sijiiple 
schema  such  as  is  represented  in  Fig.  195.  A  syringe  bulb  (a)^  rep- 
resenting the  heart,  is  connected  by  a  short  piece  of  rublier  tubing  to  a 
glasB  tube  (b),  and  also  by  a  piece  of  distensible  band  tubing  (c)  with 


Fix.  lAA— Simple  w-hema  to  illuxtnte  the  factom  prrx)u<*ine  a  conAtiint  head  of  pres- 
mm  io  the  arterial  system:  a.  A  Kynnim  Hulh  with  valve».  repr«*«ntinc  the  henrt ;  b.  ^ttm 
ttifae  with  fine  point  reprasentinga  rmfh  wirh  itMUftanoe  alnnf,  ^ut  nn  exti^tisibility  (the  nut- 
flow  m  in  epurta  ■jmchroooua  with  t\te  .xlrokeA  nf  the  punip) :  r.  imtflow  with  resist oiim  luid 
«lao  •xlcnMbte  and  elatftie  walls  reprttt«i)ted  by  the  large  rubber  ba«,  e ;  tb«  outOow  is  a 
steady  iti9»m  due  to  the  elastic  raooU  of  the  distended  ba«.  e. 
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a  similar  glass  tube  drawn  to  a  fine  point  (c).  In  the  latter  case  the 
distensible,  elastic  tubing  represents  the  arterial  .system,  and  the 
fine  pointed  glass  tul>e  the  peripheral  resistance  of  the  capillar}'  area. 
If  the  syringe  bulb  is  put  into  rhythmical  play  and  the  fiowis  directed 
through  tul^  b  the  discliarges  are  in  rhythmical  spurts,  but  if 
directed  through  tube  c  the  discharge  is  a  continuous  stream^ 
since  the  force  of  the  separate  l>eats  l)Ccomcs  stored  as  elastic  tension 
in  the  walls  of  the  band  tubing,  and  it  is  this  constant  force  which 
drives  a  steady  stream  through  the  capillary  point.  In  a  general 
vraVf  this  schema  gives  us  a  true  picture  of  the  conditions  in  the  cir- 
culation. The  rhythmical  force  of  the  heart  l>eat  is  stored  as  clastic 
tension  in  the  walls  of  the  arteries,  and  it  is  the  s<jueeze  of  these 
distende<i  walls  which  gives  the  continuous  driving  force  that  is 
iwix>a'?ii>le  for  the  constant  flow  in  the  capillaries  and  veins. 

Enumeration  of  the  Factors  Concerned  in  Producing  Nor- 
mal  Pressure  and  Velocity. — In  the  nonnal  circulation  we  may 
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saj'  that  four  chief  factors  co-operate  in  producing  the  conditions 
of  pressure  and  velocity  as  we  find  them.    These  factors  are:  (I) 
The  heart  beat.    (2)  The  resistance  to  the  flow  of  blood  thn»iigh  ibe 
vessels,  and  especially  the  peripheral  resiMance  in  the  r^oa  of  tbe 
small  arteries,  capillaries,  and  small  veins.     (3)  The  elasticity  of 
the   arteries.     (4)  The   quantity   of   blood   in    the   system.    The 
V'ay  in  which  these  factors  act  may  l>e  picture<l  as  follows:  Suppose 
the  s>'stem  at  rest  with  the  definite  quantity  of  blood  distrilnit^l 
equally  throughout  the  vascular  system.    The   internal  or  side 
pressure  throughout  the  system  will  be  evenwhere  the  same,— 
probably  zero  (atmospheric)   pressure,  since  the  capacity  of  the 
vascular  system  is  sufficient  to  hold  the  entire  cjuantity  of  bloo<l 
without  distension  of  its  walls.     If,  now,  the  heart  b^ins  to  beat 
ynWi  a  definite  rhythm  and  discharges  a  definite  quantity  of  blood  at 
each  beat  the  whole  mass  will  l^e  set  into  motion.    The  art-eries 
receive  the  blood  more  rapidly  than  it  can  escape  through  the  capil- 
laries into  the  veins,  and  consequently  it  accumulates  upon  the 
arterial  side  until  an  equilibrium  is  reached.— that  is.  a  point  at 
which  the  elastic  recoil  of  the  whole  arterial  tree  sutfices  to  force 
through  the  capillaries  in  a  unit  of  time  as  much  blood  as  is  received 
frum  the  heart  during  the  same  time.     In  this  condition  of  equilib- 
rium the  flow  in  capillaries  and  veins   Ls  constant,  and  the  side 
pressure  in  the  veins  increases  from  the  right  auricle  back  to  the 
capillaries.     In  the  arteries  there  is  a  large  side  pressure  tlmjughout, 
owuig  tr>  the  resistance  l)etween  them  and  the  veins  an^l  esjjecially 
to  the  great  resistance  offere<l  by  the  narrow  capillaries.    This 
pressure  rises  and  falls  with  each  discharge  from  the  heart-,  and  the 
pulse  waves,  both  as  regards  pressure  and  velocity,  are  most  marked 
in  the  aorta  and  diminish  farther  out  in  the  arterial  tree,  failing 
completely  in  the  last  small  arterioles,  since  if  taken  together  these 
arterioles  constitute  a  large  and  distensible  tube  of  much  greater 
capacity  than  the  aorta. 

General  Conditions  Influencing  Blood-presstire  and  Blood* 
velocity. — Alterations  in  any  of  the  four  chief  ftaotors  mentioned 
above  must,  of  course,  cause  a  change  in  pressure  and  velocity. 

I.  An  increase  in  the  rate  or  force  of  the  heart  beat  will  increase 
the  velocity  of  the  flow  throughout  the  system,  although,  of  course, 
that  general  difference  in  velocity  in  the  arteries,  capillaries,  and 
veins  which  dei>ends  upon  the  variations  in  width  of  bed  will  remain. 
Such  a  change  will  also  cause  a  rise  of  pressures  throughout  the 
system.  The  whole  energ>'  exhibited  in  the  vascular  system  as 
side  pressure,  velocitv  pressure,  etc.,  comes,  in  the  long  run.  from 
the  force  of  contraction  of  the  heart  muscle.  This  force  is  what  is 
represented  ifi  the  moilcl.  Fig.  103,  as  the  total  head  of  presstirc  (//). 
An  increase  in  rate  or  force  of  heart  beat  is  equivalent,  therefore, 
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to  an  increase  in  this  head  of  pressure,  and  along  with  the  increase 
in  velocity  thus  caused  there  is  an  inrreased  friction  or  resistance. 

II.  An  increase  or   decrease  In  tfie  width  of  the  vessels  will 
influence  both  the  resistance  to  the  flow  and  the  velocity.     I'lKler 

ilionna]  comlitiona  it  is  the  small  arteries  that  are  constricted  or 
[dilated  (vasoconstriction  and  vasoililutationj.  A  constriction  of 
(these  arteries  causes  an  increase  in  arterial  pressures  nnd  a  decrease 
(in  venous  pressure.  The  velocity  of  the  l>lo(>d-flow  is  ilecreased. 
|A  dilatation  luis  the  opjxjsite  effects.  Nunieroiis  iihstances  of  this 
^relation  will  be  referred  to  in  describing  the  [)hysioiogy  of  the  vaso- 
;  motor  nerves. 

III.  A   diminution   in   elasticity  of   tiie   arteries   will   tend  to 
i  interfere  with  the  constancy  of  the  flow  from  tfie  arteries  into  the 

capillaries,  and  in  the  arteries  themselves  the  swinj^s  of  pressure 

; from  systolic   to   diastolic    during   the   heart    I>eat   will    he   more 

extensive.     This  latter  fact  can  l>e  shown  ui>f»n  elderly  individuals 

kwhoee  arteries  are  l>econiing  rigid,  hut  whether  a  change  of  this 

I  chamcter  is  ever  so  advanced  in  human  lieings  as  to  seriously  modify 

the  capillary  circulation  does  not  appear  to  have  been  investigated. 

'        IV,  A  loss  of   blood,   other  conditioas   remaining   the   same, 

i  will  also  cause  a  fall  in  blood-pressures  and  velocity.     As  a  matter 

I  of  fact,  however,  a  considerable  amount  of  blood  may  be  lost  with- 

Joul  any  marked  permanent  change  in  arterial  blood-pressure.     The 

iieafion  for  this  result  is  found  in  the  adjustability  or  adaptability 

i  of  the  vascular  system.     It  is  in  such  res|7ects  that  the  system  differs 

greatly  from  a  rigid  schema  such  as  we  use  for  our  models.     When 

'  bkxMl  is  withdrawn  from  the  vessels  the  loss  may  be  offset  by  an 

increased  action  of  the  heart  and  by  a  contraction  of  the  arterioles, 

I  the  two  effects  combining  to  give  a  normal  or  ap|>mxjnruit€ly  normal 

?  arterial  pressure.    To  carr\'  out  the  analogy  with  the  model  (Fig. 

■  193)  if  by  chance  some  of  the  store  of  water  was  lost  we  might  sub- 

^  etitute  a  narrower  reser\'oir,  so  that  with  a  diminished  supply  we 

^  could  still  maintain  the  same  level  of  pressure. 

The  Hydrostatic  EflFcct. — In  the  living  animal,  especially  in 

those,  like  oureelves,  that  walk  upright,  the  actual  pressure  in  the 

arteries  of  the  various  tissues  must  var>'  much  also  with  the  position. 

( For  instance,  in  standing  erect  the  small  arteries  in  the  hands  or 

feet  are,  in  atldition  to  other  conditions  noted  above,  exposed  to  the 

■weight  of  the  column  of  arterial  biood  standing  over  them.     In 

the  pendent  arm  the  skin  of  the  fingers  is  congestefl;  if,  however, 

the  arm  is  raised  above  the  head  the  skin  may  become  blanched 

because  now  the  column  of  blood  from  fingers  to  shoulder  exercises 

'  a  hydrostatic  pressure  in  the  opposite  direction.     In  determinations 

,  of  blcMxl-pressure  in  the  brachial  arter>'  of  man  care  should  be  taken 

\  to  keep  the  arm  in  the  same  position  in  a  series  of  observations  in 

90 
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order  to  equalize  the  effect  of  the  hycirostatic  factor.     The  impor- 
taace  of  this  gravity  effect  ts  most  evident  in  the  case  of  the  alv- 
tioniinal   (splanohnif )   rirculation.     When  an   aninial   accustomed 
to  go  on  all  fours  is  held  in  a  vertical  position  the  great  vascular 
area  of  the  abdomen  is  placed  under  an  increased  pressure  due  to 
gravity,  and,  unless  there  is  a  coMijx?nsatory  contraction  of  the 
arteriolcB  or  of  the  abdominal  wall,  so  much  blood  may  accumulate 
in  this  portion  of  the  system  that  the  arterial  pressure  in  the  aorta 
will  fall  markedly  or  the  circulation  may  stop  entirely.*     In  most 
cases  the  compensation  takes  place  and  no  serious  change  in  the 
circidatiou  rcsult.s.     In  rabbits,  however,  which  have  lax  abdominal 
walls,  it  is  said  that  the  animal  nmy  l>e  killed  by  simi>Iy  holding  it 
in  the  erect  jx^sition  for  some  time.     For  the  same  reason  an  erect 
posture  in  man  may  be  dangerous  when  the  compensatory  nervous 
reflexes  contrrjlling  the  arteries  and  the  tone  of  the  abdominal  wall 
are  thn>vvn  out  of  action,  as,  for  iufstance,  in  a  faint  or  in  a  condition 
of  anesthesia.     In  such  conditions  the  recumbent  |josition  favors 
the  maintenance  of  the  normal  circulation.     In<lee<l,  imder  ordinar>' 
conditions  some  inthviduals  are  quite  sensitive  to  the  efifects  of  a 
vertical  jmsition,  especially  if  unaccompanied  by  muscular  or  mental 
activity,  and  may  suffer  from  giddiness  and  a  sense  of  faintness 
in  consequence  of  a  fall  in  general  blood-pressure.     It  seems  prob- 
able that  in  these  eases  the  gravity  effect  has  drafted  off  an  undue 
amount  of  lilood  into  the  splanchnic  area.     Indixnduals  who  have 
been  kept,  in  bed  for  long  periods  by  sickness,  accident,  or  other 
causes   suffer  from   giddiness  ami   unsteadiness   when    they   first 
attempt  to  stand  or  walk.     It  seems  quit«  jxjssible  that  in  such 
cases  also  the  effect  is  due  to  a  fall  in  arterial  pressure  brought  about 
by  the  dilatation  in  the  .splanchnic  area.     The  addeil  weight  of 
iilood  thrown  on  these  vessels  is  not  compensated  by  a  vasocon- 
striction uf  the  arterioles  or  an  increased  tone  in  the  abdominal 
walls. 

Accessory  Factors  Aiding  the  Circulation. — The  fon-e  of  (he 
heart  l>eat  is  the  main  factor  concerneil  in  the  movement  (>f  the 
blood,  hut  certain  other  muscular  movements  aid  more  or  k«s  in 
maintaining  the  circulation  as  it  actually  exists  in  the  Ii\'ing  animal. 
The  most  important  of  these  accessorv'  factors  arc  the  respiraton" 
movements  and  the  contractions  of  the  muscles  of  the  Hmhs  and 
viscera.  At  each  insi>iratory  movement  the  pressure  relations  are 
altered  in  the  thorax  and  abtlomen.  anti  reverse  changes  occur  during 
expiration.  The.se  effects  influence  the  flow  of  blood  to  the  he^rt, 
and  alter  the  velocity  and  i)ressure  of  the  blood  in  a  way  that  is 
descriljed  in  the  section  on  Respiration  under  the  title  of  Tlie 
Respiratory  Waves  of  Hlood-pressure.  Contnictions  of  the  skeletal 
*  Hill  and  Barnard,  "Journal  of  Phyaiolopy/'  21.  321.  1H1»7. 
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muscles  must  also  influence  the  lilooti-fiow.    The  thirkening  of  the 

t  fillers  in  contraction  3<iueezes  uj>on  the  capillaries  and  sinaM  vessels 
and  tenils  to  empty  them.  On  acfcnmt  of  the  valves  in  the  veins 
the  blooil  is  forced  mainl\'  t^^wanl  the  venous  side  of  the  heart; 
so  that  rhythmical  contm^-tions of  the  muscles  nmy  accelerate  the 
circulation.     The  contiactiona  of  the  smooth  muscles,  especially 

■  in  the  ttiomach  and  intestines  during  digestion,  have  a  similar  effect. 

■  The  musculature  '-f  the  spleen  also  is  supjjosed  to  ai«l  the  circulation 
thrcHigh  that  organ  hy  its  rhythmical  contractions. 

The  Conditions  of  Pressure  and  Velocity  in  the  Pulmonary 
Circulation. — The  general  |tlan  ui'  the  sniallcr  cinMilation  from 
right  ventricle  to  left  auricle  is  the  same  as  in  the  major  or  systemic 

»  circulation,  ami  the  same  general  principles  lit)ld.  The  ri^ht 
ventricle  pumps  its  h\<Hn\  into  the  pulminiary  arter\',  and,  on  ac- 
ootint  of  the  f)eripheral  resistarifc  in  the  lung  capillaries,  the  side 
pressure  in  the  arterj'  is  higher  than  in  the  capillaries,  and  higher  in 
these  than  in  the  pulmonary  veins.  The  velocity  of  movement  is 
least,  on  the  other  hand,  in  the  extensive  capillary  area  and  greatest 
in  the  pulmonary  arter>^  and  veins,  on  account  of  the  variations  in 

I  width  of  the  bed.  So  also  in  the  pulmonary  arter>'  the  pressure  and 
velocity  must  fluctuate  between  a  systolic  and  diastolic  level  at  each 
heart  beat,  while  in  the  pulmonan'  veins  they  are  more  or  less  uni- 
forrn.  An  interesting  difference  l>etween  the  two  cinndations 
consists  in  the  fact  that  the  |Xiripheral  resistance  is  evidently  much 
leas  in  the  pulmonan*'  circuit,  and  consecjuently  the  pressure  in  the 
pulmonary  art-eries  is  much  less  than  in  the  aortic  system.  The 
velocity  of  the  flow,  as  already  stat<^l  (p.  441),  is  also  grejiter  in 
the  lung  capillaries  than  in  the  systemic  capillaries,  Kxact  deter- 
minatjtins  »>f  the  pressure  in  the  pulmonary  arter>'  are  made  with 
liifYiculty  on  account  of  the  pr^sition  of  the  vessel.*  The  results 
oblained  by  various  ol>servers  give  such  values  as  the  following: 

^^^^^  MkaN    PltBHSt'RK.  (IXTRKUE    VaRIATIUNR. 

^^B  DoK 20  10     to  33 

^^B  Cat IS  7.5  "  24.7 

^^K  Rabbit 12  6      ''35 

"  It  will  be  seen,  therefore,  that  the  mean  pressure  is  not  more 
than  one-seventh  to  one-eighth  of  that  prevailing  in  the  aorta. 
Tlie  thinner  walls  and  smaller  muscular  pf»wcr  of  the  right  ventricle 
as  compared  with  the  left  are  un  indicuti(»n  nf  the  fact  that  less  force 

I  is  necessary  to  keep  up  the  ehrulation  through  the  pulmonary 
circuit. 
•  For  a  diffcumion  of  the  special  physiology  of  the  pulmonary  circulation 
and  for  rcferrnc**  to  liternture  see  Tiporstedt,  "ErgehniB«e  dcr  Physiologic/* 
vol  ii.  part  u.  p.  52S.  11K)3. 


468 


CIRCULATION  OF   BLOOD  AND   LYMPH. 


The  Variations  in  Pressure  in  the  Pulmonary  Circuit.— 
Ex|>erimetital  rewults  itniicate  that  the  pressures  in  the  pulnioimn' 
oircuit  do  rot  tindergo  lis  niarkeil  fhanges  as  in  the  systemic  circu- 
lation; theflr>\vischanirterize<l  by  a  greater  steadiness.     With  a  sys- 
temic pressure,  as  taken  in  the  oarutiil,  varying  from  144  to  222  ninw.. 
that  in  the  pulmonary  arter>'  changea  only  from  20  to  26  mms.,antl 
extreme  \'ariations  of  pressure  m  the  ])uhnonarA'  arten'  prol>ahly 
do  not  exceed,  as  a  njle,  15  to  20mms.     ThereguiatiorLsof  the  pres- 
sure and  flow  of  !)lood  in  the  small  circulation  do  not  seem  to  be 
80  direct  or  coniplex  as  in  the  aortic  system.     I'he  part  taken  hy  the 
vasomotor  nerves  is  referred  to  in  the  chapter  upon  the  innervation 
of  the  iilood- vessels,  ami  attention  may  l>e  called  here  only  to  the 
mechanical  factors,  which,  indeed,  for  this  circulation  are  probably 
the  most  important  The  output  from  the  right  ventricle,  and  there- 
fore the  amount  of  flow  and  the  (rressure  in  the  pulmonar>'  arter\*, 
depends  mainly   on   the   amount   of   blood   received   thnnigh    the 
vemi^  cavil'  by  the  right  auricle.     If  one  of  the  vena?  cavce  Is  cloeed 
the  pulmonary  pressure  sinks;  pressure  n\xm  the  abdomen,  on  the 
other  hanti,  fjy  squeezing  more  bloo<i  toward  the  right  heart  may 
raise  the  jiressure  in  the  pulmonary  arter>'.     By  this  means,  ther^ 
fore,  the  variations  in   blood-flow  in   the  systemic  circulation  in- 
directly influence  and  control  the  press\ire  relations  in  the  puImonar>* 
circuit.     Hut  the  changes  in  the  systemic  circulation  may  afifect 
the  blood-fiow  through  the  kings  in  still  another  way, — namely,  by 
a  back  effect  thnnigh  the  left  auricle.     WTien  for  any  reason  the 
blood-presHure  in  the  aorta  is  driven  much  alxive  the  normal  level 
the  left  ventricle  may  not  be  able  to  empty  itself  completely,  and  if 
this  happens  the  pressure  in  the  left  auricle  will  rise  and  the  flow 
through  the  lungs  from  right  ventricle  to  left  auricle  will  be  more  or 
less  impeded.     On  the  whole,  it  would  seem  that  the  pulmonar>' 
circulation  is  subject  to  less  changes  than  in  the  case  of  the  organs 
supplied  by  the  aorta.     The  mechanical  conditions,  especially  in  the 
capillary  region,  are  such  that  the  blood  is  sent  through  the  lungs 
with    a    relatively    high    velocity,    although    under    small    actual 
pressure.      The  s|>ecial  effect***  of  the  respirator^'  movements  and 
variations  in  intrathoracic  pressure  upon  the  pulmonar>*  circulation 
are  described  in  connection  with  respiration. 


CHAPTER  XXVII. 


THE  pulse: 


General  Statement. — When  the  ventricular  Rvstole  disrharges 
.q\iantitv  of  hlcRMl  into  the  arteries  the  pressure  within  these 
is  increju*e<l  teiii|HjrHrily.  U  the  arteries,  faiiiliariej?,  and 
veins  were  perfectly  ri^id  tiihes  it  la  evident  that  this  |}rcssure  would 
be  transmitted  practically  instantaneously  throughout  the  system, 
and  tlial  a  quantity  of  hlrnid  wmiFd  he  (lisi>lare<l  innu  the  ven© 
cava*  into  the  auricles  ef|uul  to  the  f]iiantity  fon'c*!  into  the  aorta  hy 
the  t'entricie.  'I'he  flow  f»f  hlood  through(Mit  the  vjiscular  system 
would  take  place  in  a  series  of  spurts  or  pulses,  the  pressure  rising 
suddenly  during  systole  and  falling  raj>idly  during  diastole.  Since 
the  hlt»fMl  i.^  incoinpiTssihle  and  the  walls  of  the  vessels  if  rigid 
would  be  inextensihle,  the  rise  of  pressure,  the  pulse,  wouhl  be 
simultaneous  in  all  parts  of  the  system.  The  fact,  however,  that 
the  walls  of  the  vessels  are  extensible  and  ela.stic  mwiifie-s  the  trans- 
miaeion  of  the  pulse  wave  in  several  imjxjrtant  particulars:  It 
explains  why  it  is  that  the  pulse  dies  out  in  or  at  the  beginning  of 
the  capillaries  and  why  it  occurs  at  different  times  in  different 
arteries — that  is,  why  the  wave  of  i)ressure  lakes  a  i>erceptible 
time  to  travel  over  the  arteries.  The  result  that  follows  from  the 
elasticity  of  the  arteries  may  l>e  pictured  as  follows:  Under  the 
Domial  ccmditions  of  the  circulation  when  the  heart  contracts  and 
forces  a  new  quantity  of  blood  into  the  aorta  room  must  l>e  made 
for  this  blow!  either  by  moving  the  whole  mass  nf  the  blood  forward 
— that  is,  by  discharging  an  er|ual  amount  at  the  other  end  into  the 
auricle — or  by  the  enlargement  of  the  arteries.  This  latter  alter- 
native is  what  really  happens,  as  it  takes  less  pressure  to  distend 
the  aorta  than  to  move  forward  the  entire  mass  of  blood  under  the 
cf*nditions  that  exist  in  the  body.  So  soon,  therefore,  as  the  semi- 
lunar valves  open  and  the  new  column  of  blood  V)ecins  to  enter  the 
aorta,  the  walls  of  that  vessel  hegin  t^  expand  and  <luring  the  time 
that  the  blood  is  flowing  out  of  the  heart — that  is.  in  round  numbers, 
about  0.3  sec. — the  extension  of  the  walls  passes  from  point  to  point 
along  the  arterial  system.  At  the  end  of  the  outflow  fn)m  the  hcjjrt 
all  the  arteriei?  are  l>eginning  lu  eidarge.  the  maximum  extension 
being  in  the  aorta,  and  room  is  thus  made  for  the  new  ((uantity  of 
bloo<l.     The  new  blood  that  is  actuallv  discharged  from  the  heart 
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lies  somewhere  in  the  aorta,  but  the  pressure  that  has  been  trans- 
mitted along  the  system  and  has  caused  it  to  expand  has  made 
room  for  the  blood  forced  o\»t  of  the  aorta  by  the  new  bU»od. 
With  the  ceasation  of  the  heart  boat  and  the  closure  of  the  semihmar 
valves,  the  sharj)  recoil  of  the  dist6nde<l  aorta  drives  foru'ard  the 
column  of  blood,  and  as  the  aorta  sinks  baek  to  its  normaJ  diastolic 
diameter  the  more  distal  portions  of  the  arterial  system  are  at  first 
distended  to  a  certain  point  and  then  return  to  their  diastolic  si/e 
as  the  excess  of  i»lood  streams  thro\igh  the  capillaries  into  the  veins. 
At  the  time  that  the  aorta  has  reached  lis  diastolic  size  the  A^-alls 
of  the  most  distant  arterioles  have  passed  their  maximum  exteasion 
and  are  beginning  to  cttlhipse.  The  distension  caused  by  the  pulse, 
therefore,  spreads  through  the  arterial  system  in  the  form  of  a  wave. 
At  any  given  point  the  distension  of  the  walls  increases  to  a  maxi- 
mum and  then  ileclines,  and  when  this  change  in  size  is  recorded 
in  the  large  arteries,  by  methods  descril)ed  below,  it  is  found  that 
the  expansion  of  the  artery  is  much  more  sudden  than  the  sulxse- 
<|uent  coUaixse.  1'his  dilTerence  is  umlerstood  when  we  remember 
that  the  heart  throws  itvS  load  of  blood  into  the  arteries  with  sud- 
■denness  and  force,  causing  a  sharj)  rise  of  pressiuie,  wliile  the  collapse 
of  the  arteries  is  due  to  their  ovm  elasticity.  The  disap|iearance 
of  the  pulse  before  reanhing  the  capillar)'  area  is  readily  comprtv 
bended  when  one  remembers  that  the  arterial  tree  constantly  in- 
creases in  size  as  one  passes  out  from  the  aortic  trunk.  Many  facts, 
such  as  those  of  pressure  and  velocity  already  described,  indicate 
that  the  increase  in  capacity'  of  the  arterial  system  Is  somewhat 
pniduai  until  the  region  of  the  smallest  arterioles  and  capillaries  is 
reached  and  that  at  this  pfjint  there  is  a  sudden  widening  out  or 
increase  in  ca|>acity  of  the  whole  system,  although  the  individual 
vessels  diminish  in  diameter.  It  is  in  this  region  that  the  pulse 
ijecomes  impen?eptii)le.* 

Velocity  of  the  Pulse  Wave. — From  the  above  considerations 
it  is  evident  that  in  a  s\'stem  such  as  is  presentetl  by  our  blo(3d- 
vessels  the  velocity  of  the  pulse  wave  must  var>'  with  the  rigidity 
of  the  tubes.  If  perfectly  rigid  the  pressure  would  be  transmitted 
practically  instantancf)usly ;  if  the  walls  were  vers'  extensible  the 
propagation  would  be  relatively  slow.  For  our  blood-vessels  as 
they  exist  at  any  given  moment  the  velocity  of  the  pulse  wave  may 
be  estimated  by  a  sijnple  method:  Two  arteries  may  be  selected  at 
different  distances  from  the  heart  and  the  pulse  wave  as  it  passes  by 
a  given  point  in  each  arterj'  may  l>e  reconied  by  some  convenient 

*  For  a  sniisfactory  diflcuBsion  of  the  pulso  and  for  literatun?  conatilt  von 
Frey,  "Die  Uiuvrsuchung;  de«  Pulms."  Berliit.  1.S92.  For  a  description  of 
the  variatiorm  in  diseiise  coiisull  Mackenzie.  **  The  Study  of  the  Pulse,  etc" 
New  York.  1002. 
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apparatus,  such  as  can  l>e  devised  in  any  laboratory.  If  the  waves 
are  recorded  on  a  rapidly  revolving  kymographion  whose  rate  of 
movement  can  \)e  determined,  then  the  difference  in  time  in  the 
arrival  of  the  pulse  wave  at  the  two  points  is  easily  ascertained. 
That  there  is  a  perceptible  difference  in  time  one  can  easily  demon- 
strate to  himself  by  feeling  simultaneously  the  pulse  of  the  radial 
and  the  carotiil  arteries.  If  this  difference  in  time  is  determined 
for  two  arteries — for  instance,  the  feumralarul  the  tibialis  anticus — 
and  the  di.'^tance  Ijetween  the  two  |>jints  is  recorded^  wc  have 
evidently  the  nece^ssan-  data  for  obtaining  the  velocity  of  the  pulse 
wave  in  the  arteries  of  that  region.  A  record  of  this  kind  is  shown 
in  Fig.  1%. 


Fig.  )0d- — To  Uluvtrate  the  method  of  det«rminins  the  velocity  of  the  puUe  wave 
in  man.  Shows  record  of  the  pulse  nt  two  point*)  on  the  leg  at  a  known  dLftance  apart. 
The  difletvnee  in  time  U  given  by  the  venieaU  dropped  frocn  the  beginniaR  of  thc«e  waves 
to  the  time  curve-  This  lout  ib  roade  by  the  vibratioiu  of  a  tuning  fork  giving  60  vibra- 
tion* per  second.      The  difference  in  tht«  ca>e  was  equal  to  0-07  see. 


The  results  obtained  by  various  authors  indicate  that  the  velocity 
varies  somewhere  between  6  and  0  meters  per  second  for  adults. 
The  figures  published  by  recent  ob8er\'ers  show  also  that  the  velocity 
is  somewhat  greater  in  tlie  upper  extremities  (7.5  m.  for  carotid- 
radial  estimation)  than  in  the  descending  aorta  (6.5  m.  for  carotid- 
femoral  estirniition).*  The  average  of  thirty  determinations  made 
in  the  author's  laboratory  ufxin  medical  students  shows  that  the 
velocity  in  the  leg  (femoml-anterior  tibial)  is  6.1  m.  when  the 
records  are  made  upon  the  same  leg.  and  7.4  m.  when  the  record 
for  the  femoral  is  taken  from  one  leg  and  that  for  the  anterior  tibial 

♦  Edgren,  "Skandinavischea  Archiv  f.  Physiol,"  1.  96,  1889. 
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tnmn  the  ocher.    The  bttcr  wjwitiiw  wmdd  aeem  to  be  more  nor- 
ma], anee  the  blood-flov  and  nonnal  tcBflkn  of  tJbe  walls  are 
prohAbly  has  distariwd.    An  increase  in  z^gMfit>*  of  the  arteries 
canaea  lim  vrioatr  to  rin;  in  Mafy  peopk,  therefore,  the  velocity 
ia  Atioethr  gieater.    In  artcnal  aiJeiuMB  with  hypertrophy  of  the 
heart  the  velority  may  incieaae  to  as  mudi  as  11  or  13  m.     Any 
marked  dilatAtion  of  the  artenes — eueh  as  occurs,  for   instance, 
in  aaeuryana, — icterds   the   pulse  wa\-e  ntarkedly;    9o  that  the 
exMCcDce  of  an  aneun'sm  may  Yte  detected  in  smne  cases  by  this 
fact.    If  we  know  the  ^'elodty  of  the  wave  and  the  time  that  it  takea_ 
to  pas  any  given  point  the  len|:th  of  the  wave  is  given  by 
formula  1=  ii.    In  an  adult  the  duration  of  the  wave  it)  at  the  i 
may  be  taken  as  0.5  to  0.7  sec. :  so  that  if  the  veiocity  of  the  wave 
were  uniform  throughout  the  arteries  the  length  of  the  wave  woul:! 
be  from  3^  m.  to  4,5  m.    We  can  imagine,  therefore,  that  before 


TUt-  107.— The  Du4l«K>n  aphysraocnph  In  positioa. 

the  wave  has  disappeared  at  the  root  of  the  aorta  it  has  reached  the 
most  distant  arteries. 

The  Fonn  of  the  Pulse  Wave — Sphygmography. — The  pulse 
wave  niay  l>e  felt  ujion  any  superficial  art^n*  in  consec|uence  of  the 
distension  of  the  vessel.  By  the  tactile  sense  alone  the  experienced 
physician  may  distinguish  .some  of  the  characters  of  the  wave,  its 
frequency,  its  force,  etc.  The  details  of  the  form  of  the  wave, 
however,  were  made  e\ident  only  when  the  variations  in  size  of  the 
arter>'  were  reconled  graphically  by  placing  a  lever  upon  it.  Any 
instrument  suitable  for  thi.s  purpose  is  designated  as  a  sphygmf^ 
tjraph,  and  vcr>'  numerous  forms  have  been  devised.  The  move- 
ment of  the  artor>'  is  ver>-  small  and  to  obtain  a  distinct  record  it  is 
necea8ar>'  to  magnify  this  movement  greatly  by  a  properly  con- 
stninted  lever. 

The  form  of  lever  that  is  perhaps  most  frequently  employed  is  ahowo  iti  the 
ACComronyinK  fiinircn.    The  instrument  is  strapped  upon  tlie  arm  so  that  the 
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bation  of  the  metallic  spring  reste  over  the  radial  artery.  The  movements 
of  the  ATiery  are  traiiRnultcd  to  this  sipring  and  this  latter  in  turn  acts  upon 
the  bent  lever,  and  \hv  inujicniricsl  niovemt-nt  b*  recorded  by  ihe  writing  point, 
upon  a  strip  of  hlacket»i.'d  pHiwr  which  is  movctl 
under  the  |>oint  by  clockwork  coiiliiincd  in  the 
caac.  To  obtain  u  siitisfuctory  record  or  spht/g- 
magram,  two  detail  are  of  spi*cial  importance: 
Kiwi,  the  button  of  the  lever  must  Iw  preswd 
upun  the  arter)-  with  the  proi>er  force.  Theo- 
retically this  presBUrc  should  In?  about  equal  to 
Ibe  diastolic  prejssure  within  the  arter>*.  .\11 
•phTsmographFi  are  provided  with  means  to 
ngulate  the  pressure,  and  priu'tically  one  iitu^t 
learn  so  t«  place  the  button  and  to  arrange  the 
prwBUre  an  to  obtain  the  lurgej^t  tracing.  A 
acivnd  detail  uf  impcirlanee  lm  that  the  weif^ht 
of    the    lever  when   siet    ;»iiddenly   into  motion 

M  a  movenient,  due  to  ihi-   im-rtiu  uf  the 

,  which  may  niter  the  true  fonn  of  the  wave^ 
To  overeijine  thii*  defect  the  \v\er  should  l»e  as 
hght  iu«  puMsible,  or  the  spring  upm  which  the 
artery  play?  f*hould  have  ctmsiderabic  resis- 
tjuioe.  In  t\uK<'  spliyemo^raphf^  in  which  tlie 
ineatia  factor  in  pnicticallv  eliininatcil  the  difh- 
ciUty  of  obtaining  a  Iracmg,  especially  from  a 
weak 


pub«\  is  correspondingly  increajied.  and  in 
the  ■phyienuigrapliH  inoHl  cr)mm(inly  ptiiplnyed. 
such  tm  the  Dudgeon,  facihty  in  application  ia 
obtained  at  the  expense  of  incomplete  correction  of  the  error  of  inertia. 


ibe  DwlKetm  t>pbvfftii()^nipb: 
P.  The  buittm  of  the  spruiB  F, 
tube  placed  upun  the  artery. 
Tbo  uiovMiieni  U  Inuiamiltcd 
to  the  lever,  F^,  and  ibeooe  to 
I  be  bent  lever.  Fa.  whoM 
niovement  is  effected  throucb 
the  weight,  g.  The  writinc 
p«int  jt,  of  thin  lever  makes 
ihe  reconl  on  the  tanoked  i<ur- 
faoc,  .4. 


The  pulse  Avsve  obtiiint**!  fnmi  the  radial  artery  is  represented 
in  Fig.  11)9.  It  will  l>e  seen  from  this  fijc:nre  that  the  arten'  dilates 
rapidly  and  then  fall.''  more  slowly.  The  ascending  f>ortion  of  the 
m'ftve  is  spoken  of  vui  the  anacrotic  limb,  the  descending  as  the 
eaiacxviic  limb.  Under  usual  conditions  the  anacrotic  limb  is 
smooth, — that  is,  shows  no  secondary  waves, — while  the  catacrotic 


t'vf>cr>\/vM^/^ 


f 

■    limb  shows  one  or  more  secondare*  waves,  which  are  spoken  of  in 

I    general  i\s  the  mtarratir  tcavcs.     The  most  constant  of  these  latter 

'    waves  occurs  usually  approximately  at  tlie  middle  of  the  des<rent 

(D)  and  is  designate<l  as  the  dicrotic  wave.     A  less  conspicuous  wave 

between  it  and  the  a[>ex  of  the  ptdse  wave  is  known  usually  as  the 

iicrolic  ware,  P,  wliile  the  wave  or  waves  following  the  dicrotic 


Flgt.  190. — SphycntCNKnin)  [mm  tUv  nt<l)al  rirtrT\.  Du'lueon  -phytnuugmph: 
WBVt?;  /*.  ibe  pi«<llcpoiie  wave. 
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are  designated  as  postdicrotic.  These  catacrotic  waves  are  too 
small,  under  nomial  conditions,  to  be  felt  by  the  finger.  Under 
certain  abnormal  conditions,  however,  which  cause  a  low  blood- 
pressure  without  marked  diminution  in  the  heart  beat,  the  dicrotic 
wave  is  emj)hiisized  and  may  l>e  detected  by  the  finger.  A  pulee 
of  this  kind  is  known  as  a  dicrotic  pulse. 

Explanation  of  the  Catacrotic  Waves. — It  has  t^een  found 
difficult  to  give  an  entirely  siiti.sfactor>'  explanation  of  the  catacrotic 
waves,  or,  to  speak  more  accurately,  it  is  difficult  to  decide  between 
the  different  explanations  that  have  been  proposed.  Concerning 
the  dicrotic  wave,  it  may  be  said  that  tracings  from  different  ar- 
teries show  that,  like  the  main  pulse  wave,  it  has  a  centrifugal 
course,— that  is,  it  starts  in  the  aorta  and  runs  peripherally  with  the 
same  velocity  as  the  main  wave  upon  which  it  is  superposed.  More- 
over, simultaneous  tracings  of  the  pressure  changes  in  the  heart  and 
in  the  aorta  slu>w  that  the  closure  of  the  semilunar  valves  Ls  sy  nchrr>- 
nous  with  the  smalt  depression  or  negative  wave  which  immediately 
precedes  the  dicn)tic  wave.  The  general  Iwlief,  therefore,  is  that  the 
dicrotic  wave  results  from  the  closure  of  the  semilunar  valves.  When 
the  distended  aorta  begins  to  contract  by  virtue  of  the  elasticity  of 
its  walls  it  drives  the  column  of  l>lood  in  both  directions.  Owing 
to  the  position  of  the  semilunar  valves,  the  flow  to  the  ventricle  is 
preventetl;  but  the  interposition  of  this  sudden  block  causes  a 
reflected  wave  which  passes  centrifugally  over  the  arterial  system. 
The  smaller  waves,  such  as  the  pre<iit*rotic.  and  the  ix>stdicrotic, 
have  been  explained  (Lamlois)*  simply  as  elasticity  waves. — that 
is,  as  elastic  vibrations  of  the  arterial  walls.  According  to  other 
authors.!  an  important — perhaps  the  chief  factor — in  the  produc- 
tion of  the  secondary  waves  is  the  reflection  that  occurs  from  the 
f>eripher>'.  Where  each  arterial  stem  breaks  up  into  its  smallest 
vessels  the  main  pulse  wave  suffers  a  reflection,  a  wave  running 
backward  toward  the  heart.  It  is  probable  that  such  reflecteii 
waves  from  different  areas — for  instance,  from  the  coronarj'  system^ 
the  8ul>clavian  system,  the  mesenteric  system,  etc. — meet  in 
the  aorta  and  may  in  part,  summate  to  larger  waves  which 
again  pass  peripherally.  The  catacrotic  waves,  according  to 
this  view,  probably  differ  in  character  in  the  different  arteries, 
and  tracings  indicate  that  this  is  the  case.  The  radial  pulse  differs, 
for  iastance,  from  the  can>tid  pulse  in  the  character  of  its  waves. 
Between  these  opjwsite  views  it  is  not  possible  to  decide,  but  it  is 
perhajw  permissible  to  believe  that  while  the  dicrotic  wave  is  due 
primarily  to  the  impulse  following  upon  the  closure  of  the  semilunar 
valves,  nevertheless  the  actual  form  of  this  and  the  other  seconilary 

♦  LandoiH,  "  Die  I-ehre  von  Arterienpuls,"  1872. 
1"  See  von  Frey,  loc.  cit. 
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waves  is  variously  mcxlified  in  different  parte  of  the  system  by  the 
reflected  waves  from  different  peripheral  regions. 

Anacrotic  Waves. — As  was  said  above,  the  anacrotir  limb  uiader 
normal  conditions  shows  no  secondary  waves.  Under  jmthological 
conditions,  however,  a  secondary-  wave  more  or  less  clearly  nmrketi 
may  appear,  as  is  shown,  for  instance,  in  the  tracing  given  in  Fig. 
2(K).  Such  waves  are  recorded  in  cases  of  stiff  arteries  or  stenosis 
of  the  semilunar  valves.  In  the  normal  intli vidua!  an  anacrotic 
pulse  may  be  obtained,  according  to  von  Kries,*  by  raising  the 
arm.  He  believes  that  in  this  position  the  reflection  of  the  pulse 
wave  from  the  |K?riphery  is  favored,  and  that  the  anacn)tic  wave  is 
fflmply  a  quickly  reflected  wave.  It  is  possible  that  the  same 
explanation  will  hold  for  its  appearance  under  pathological  con- 
ditions. 


i 


A/A//\rvA..Av/V 


FSg.  300. — Anacrotic  pulae  from  m  caw  of  aortic 

wave. 


(AfocAwnxvc):   b,  The  anaorotio 


Characteristics  of  the  Pulse  in  Health  and  in  Disease. — 

By  mere  palpation  the  physician  obtains  fnun  the  jkiIsc  vahiable 
indications  concerning  the  heart  an<l  the  circulation.  The  fre- 
quency of  the  heart  l^eat  is  at  once  made  evident,  so  far  at  least  as 
the  ventricle  is  concerned.  One  may  detenriine  readily  whether 
the  frequency  is  above  or  below  the  normal,  whether  the  rhythm 
is  rqrular  or  irregular.  By  the  same  means  one  can  determine 
whether  the  pulse  is  large(pulsus  magnus)  or  small  (pulsus  i)arvus), 
whether  the  wave  rises  and  falls  rapidly  (pulsus  celer)  as  hapfjens 
in  the  case  of  insufficiency  of  the  aortic  valves,  or  whether  in  one 
phase  or  the  other  it  is  more  prolonged  than  nonna!  (pubus  tardus). 
It  seems  obvious,  however,  that  a  more  3atisfttct<>r>*  condusinn  may 
be  reached  in  all  such  cases  by  obtaining  a  sphygmographic  record. 
In  the  works  devoted  to  clinical  methods  numennis  such  sphygmo- 
graras  are  described.  By  mere  pressure  ujxjn  the  arten.-^  one  can 
detenuine  also  approximately  whether  the  lilo<Kl-pressure  is  high 
or  low,  and  a  similar  inference  may  be  drawn  from  the  character 
of  the  sphygmogram;  but  since  the  introduction  of  the  sphygmo- 
manometer  (p.  453)  it  seems  e\ident  that  this  instrument  must  be 
appealed  to  whenever  the  determination  of  blood-pressure  is  a 
matter  of  iniimrtance. 

Venous  Pulse. — I'nder  usual  conditions  the  pulse  wave  is  lost 


*Von  KriAi,  "Studien  xur  Pul^lelire/'  1S92. 
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before  entering  the  capillarv*  regions,  but  as  a  result  of  dilatation  in 
the  arteries  of  an  organ  the  pulse  may  cam*  through  and  aj)pear  in 
the  veins,  in  which  it  may  l>e  shown,  for  instance,  by  the  rhythniical 
firtw  of  hlooil  from  an  oj^ened  vein,  'i'he  term  ^•enolIs  pulse,  how- 
ever, as  generally  used  applies  to  an  entirely  different  phenomenon, 
— name!y.  to  a  pulse  seen  esjiecially  in  the  external  jugular  vein. 
When  this  vein  is  prominent  or  is  niatle  jmiminent  hy  some  com- 
pression a  pulse  may  be  seen  and  recorded  which  is  synchronous 
with  the  heart  fjeat.  It  is  not  a  wave  that  has  come  through  the 
capillary  circulation  in  the  head,  since  if  the  vein  be  completely 
blocked  by  the  finger  the  wave  disaj>f)ears  on  the  upfjer  side.  It  is 
due  to  the  heart  beat;  anti  is  usually  attributed  to  the  auricular 
contraction.  At  each  contraction  of  the  auricle  the  venous  flow- 
is  partially  ]>locked;  at  each  relaxation  the  flow  is  suddenly  aug- 
mented, rn<lcr  pathological  conditions  a  marked  venous  pulse 
of  a  different  orl^^in  may  l)c  seen  in  the  jugular  or  may  l)e  felt  over  the] 
liver  (liver  pulse).  This  wave  is  usunlly  describe*!  in  connectioa 
with  an  insufficiency  of  the  auricnio-ventricular  valves.  Tnder  such 
a  condition  it  is  evident  that  the  contraction  of  the  ventricles  will 
be  accom^mnietl  by  a  regurgitation  toward  the  auricles  and  the 
pnxluction  of  a  positive  wave  in  the  venre  cavac  and  their  branches.*  * 

*  For  a  disovL-^sion  of  the  venou-s  fiiilse  consult  works  on  t'Jiniral  nieth<xl.s,^ 
«,  g.j  Sahli,  '*  I^hrbuch  tier  kliiiUcheti  UiilerauchuugK-Melhotieii/'  ll>02. 


^^^^^^^^^^^     CHAPiER                        ^^^^^^^^^1 

^^^K^^^^            THE  HEART  BEAT.                                    ^H 

^^H^          General  Statement. — We  divide  the  heart  into  four  chambers, 
^^^     — the  two  auriciei^  and  the  two  ventriries.     What  we  designate  as  a 
H          heart  l>eat   l)egiii.s  with  the  simultaneous  cnntra<tioii  of  the  two 
H          auricles,  immefliaiely  followwl  by  the  siniultune<jii.s  rontraction  of 
H          the  two  ventricles;   then  there  is  a  jjause,  during  whivh  the  whole 
H          heart  is  at  rest  and  is  filling  with  blood.     As  a  matter  of  fact,  the 
H          heart  l>e«t  is  initiated  not  by  the  auricles  proi>er.  i>ut  In'  a  con- 
^B          traction  of  the  mouths  of  the  large  veins — vena*  cavte  or  pulmonar>' 
H          veins,  where  they  open  into  the  auricle.     The  tissue  in  these  veins 
^ft          corresponils    physiologically    to   a    definite   chamber,    the   venous 
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201. — To  fhow  tb«  time  relations  of  ^He  Kuriotitftr  mtote  ftnd  Hiaiftol« 
»tol«i  and  dia^tctU  (Jtf orey) :  Or.  D.  Trmcing  fmm   nght  auricle :  Vrnni. 
«vnirtcl«  ;    Vent.  0,  trmetiiK  from  left  veiitnole.     Obtainetj  from  the  b 
Q«uM  <ti  tub«B  communioating  with  the  e*\-iti«». 

n  the  heart  of  the  lower  vertebrates.     In  the  descri 
rt  beat  the  contraction  of  the  veins  is  usually  nc 
h  in  a  fumiamenUl  consideration  of  the  cause  of  the 
e  it  is  of  great  importance.     The  contraction  of  any 
rt  is  designatetl  as  its  systole,  its  relaxation  and  perio* 
iastoie.     In  the  heart  beat  we  have,  therefore,  the  a 
the  ventricular  systole,  and  the  heart  jmuse  durir^ 
iaml>ers  arc  in  diastole.      The  general  relations  of 
,  and  pause  are  represente<i  graphically  in  the  accom 
Fig.  201).     It  will  be  noted  that  the  auricular  s\ 
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shorter  and  its  diastole 
longer  than  the  siniilar 
conditifins  In  the  ventricles. 
The  Musculature  of  the 
Auricles  and  Ventricles. 
— Kiniiryolo^if-ally  the  four- 
chanihei^ed  heart  is  devel- 
oped from  a  simple  tube 
and  this  origin  is  indicated 
in  the  achilt  by  tahe  fact 
that  the  nnispulatureof  the 
two  uiiriclew  i.s  in  large  part 
common  to  both  chanil)ers, 
— that  is,  surrounds  them 
as  though  they  were  a  single 
chaniJ)er, — and  the  same  is 
tnie  of  the  ventricles.  In 
the  auricleR  there  is  a  sii|)er- 
ficial  layer  of  fibers  which 
runs  transversely  and  en- 
circles lx)th  auricles.  The 
simultaneous  contraction  of 
the  two  chambers  would 
seem'  t-o  he  insured  by  this 
arrangement  alone.  In  addition,  each  auricle  |)ossesses  a  more  or 
less  independent  system  of  fibers,  whose  course  is  at  right  angles 
to  that  of  the  preceding  layer.  These  fibers  may  })e  <vjnsi<lered 
as  loops  arising  and  ending  in  the  auricuU>-ventricular  ring.     The 


Fig.  202. — Mu«?ulaturoo(  th« heart. — LMat- 
Callum.)  Heart  as  jeen  from  the  posterior:  LA  V, 
Left  Huriculo-venlrirular  o^tenLng:  RAV,  right 
auriculfcventricularoneniuir;  /*^,  openingof  pul- 
monary (irter>'.  /.  The  -auiJerficial  rnuwcle  layor 
originatinfi;  in  the  risht  an<(  left  auricuki»ventrir' 
ular  ritiKR  ami  posterior  half  of  (vmltjii  of  crmuH. 
//.  The  aui>or6clai  laver  orixiaating  in  the  onterinr 
half  nt  the  teuilun  vt  (he  oonua  (fiUs  in  the  gap  of 
Fig.  I).  ///.  The  t^ToM  fibers  in  several  uiyera 
furming  the  deeper  struts  of  the  heart's  muaou- 
lature. 


THE   HEART   BEAT. 

coutBe  of  the  Hbers  in  the  ventricles  has  been  difficult  to  make 
out  and  eeveral  more  or  less  different  accounts?  have  been  pub- 
lished. It  is  clear  from  even  a  ^^asual  examination  that  the 
sujierficiHl  fibers  are  common  t<)  itoth  \'entrit'les.  They  niay  be 
considered  as  arising  from  the  auricukHventricular  ring  in  one 
veutricle  to  ]yas»  in  a  spiral  course  to  end  in  the  paj>iihiry  muscles 
and  thn>ugh  their  tendtins  in  tlie  uuricukwentricithir  ring  of  the 
other  ventricle.  Those  that  t>egin  on  the  outer  surfac-e  in  one  ven- 
tricle end  on  the  inner  surface  in  the  other.  This  arrangement  is  rep- 
roeented  in  Ilg.  202,  /  and  //,  The  contractions  of  these  bands  of 
fibers  would  temi  not  only  t«  ihrninissh  the  cavities  of  the  ventricleii 
from  side  to  side,  but  also  t^)  bring  the  ai)e.\  and  base  together  and  to 
rotate  the  apex  from  left  U)  right.  Jieneath  these  sui>erficial  fibers 
lie  thicker  bands,  the  fibers  of  which  have  a  more  transverse  course. 
Aeoording  to  MacCallum  *  these  filjcrs  form  three  flat  bands  which 
pan  in  the  fonn  of  a  scroll  from  one  ventricle  through  the  septum 
into  the  other,  as  shown  in  Fig.  202,  ///.  The  band  that  lies  most 
8U(>erficially  in  the  left  ventricle  at  it*  origin  lies  dee[)est  In  the  right 
.ventricle.  The  effect  of  the  contraction.s  of  these  banris  should  be 
to  compress  the  cavities  of  the  ventricles  in  the  lateral  chameters. 
In  addition  to  these  tw*o  main  systems  of  fil>era  there  are  other  less 
pronunent  bands  belonging  entirely  to  one  ventricle.  A  matter 
of  voT>'  gre4it  physiological  interest  in  connection  with  the  invariable 
eetfuence  of  the  heart  l^at  lias  been  the  (luestioti  of  the  existence  of 
a  direct  muscular  connection  l>etween  the  auricles  anrl  ventricles. 
While  such  a  connection  exists  obviously  in  (he  lower  animals, — 
frogs,  terrapins, — in  the  manmiaiia  there  is  a  conspicuous  tendinous 
ring  at  the  auriculo-ventricular  groove  which  has  been  believed  by 
many  to  make  a  complete  separation  between  auricles  and  ventricles. 
Several  observers,  hoAvever,  have  shown  recently  that  there  is  a 
mustndar  connection  in  the  heart  of  man  and  of  a  nunil>er  of  mam- 
malia.f  The  chief  connection  is  described  as  a  bimdle  of  fibers, 
auriculo-ventricular  bundle,  which  springs  from  the  right  side  of  the 
interauricutar  septum,  runs  obliquely  through  the  comiective  tissue, 
and  ends  in  the  muscle  of  the  ventricular  septum  under  the  origin 
of  the  aorta. 

The  Contraction  Wave  in  the  Heart. — The  muscular  contraction 
of  the  heart  l)eat  licgin^  at  tiic  mouths  of  the  great  veins  oi>ening  into 
the  auricle.'*,  and  thence  i»as?k's  to  the  auricles  first  and  subsequently 
to  the  ventricles.  The  continuity  of  the  muscular  tissue  enables  us 
to  understand  how  this  contraction  passe-s  quickly  from  cell  to  cell 
in  t  he  direction  of  the  muscular  filjers.     In  the  mammahan  heart 

•  MAcCalluiii.  "Contributions  to  the  Science  of  Bfedicine,"  dedicated  to 
W.  H.  Welch,  p.  307,  Haltimore,  MKK);  contains  al»o  ihe  literature. 

t  See  Ueiter.  "  An*hiv  f.  Anatomie,"  IWM,  p.  I;  and  Hrueunig,  "Arrhlv 
r  PJiyMiiiouie."  Ift04,  NiippI,  volume.  |>   I 
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when  cxix>sed  to  view  it  is  evident  that  the  auricular  s>'sloIe  is  not 
suificient  to  empty  its  cavity  so  far  at  le^st  as  the  atrium  is  con- 
cerned.    The  contnirtion   of   the   auricular  appendages  is  more 
forcible.     The  contraption  ma>*  he  regarded  as  a  rapid  peristalsis 
which  sweeps  a  portion  of  the  blood  before  it  into  the  ventricle 
The  force  of  the  contraction  has  been  determined  in  a  number  of 
cases.     For  the  aimcle  of  the  dog's  heart  it  may  be  valued  at  2U 
mms.  Hg.     The  systole  of  the  ventricle  is  to  the  eye  a  simultaneous 
contraction  of  the  whole  musculature.     Various  obser\'ers,  however, 
have  shown  tfiat  1  he  wave  of  contraction  travels  over  the  heart  with 
a  certain  velocity,  which  for  the  human  heart  has  l>een  estimated  at 
5  m.  per  second  (Waller).*     It  is  probable  that  this  wave  starts  nt 
the  base  of  the  ventricle  and  travels  alon^  the  course  of  tlie  fillers,— 
that  is.  first  toward  the  apex  an<l  then  into  the  interior  of  the  heart, 
ending:  in  the  pajjillary  muscles,     in  fact,  Roy  and  Adams  have 
demonstrated  graphically  that  the  contraction  of  the  papill&i^' 
muscles  occurs  somewhat  later  timn  that  of  the  wall  of  the  ventricle. 
The  slight  pause  between  auricular  and  ventricular  systole  may  be 
referrefi  to  the  fact  that  the  muscular  bridge  between   the  t^^'O 
chambers  is  small.     We  have  exi)eriment*il  evidence  that  the  con- 
traction wave  proceeris  more  slowly  through  a  narrow  bridge  of  this 
sort. 

The  Electrical  Variation.— The  contraction  of  the  heart 
muscle,  like  that  of  skeletal  muscle,  is  accompanied  by  an  electrical 
change.  That  is.  where  the  nniscle  substance  is  in  contraction  its 
electrical  potential  is  different  from  that  of  the  resting  muwle. 
The  advancing  wave  of  cuntniction  causes  a  corresponding  electrical 
change.  If  two  jKjints  of  the  heart  are  connected  with  an  electrom- 
eter an  electrical  current  will  }te  shown,  since  the  electrical  change 
will  affect  the  electrodes  at  different  times.  This  electrical  varia- 
tion of  the  contracting  heart  muscle  may  be  shown  easily  by 
means  of  the  rheoscopic  muscle-nerve  prepanition  (see  p.  9Q).  If 
the  heart  is  exposed  and  the  nerve  of  the  preparation  is  laid  over  its 
surface  each  ventricular  systole  is  acconi[ianietI  by  a  kick  of  the 
muscle,  since  the  nerve  by  connecting  separated  pointa  acts  as  a 
conducting  wire  for  the  current  generated,  and  is  stimulate^i,  there- 
fore, at  each  systole.  Hince  the  muscle-nerve  preparation  gives 
only  a  simple  contraction  for  each  ventricular  systole,  we  may 
assume  that  this  latter  contraction  ia  itself  simple, — that  is,  due 
to  a  single  stimulus.  The  electrical  variation  may  be  obtained  also 
by  means  of  the  capillar^'  electrometer  (p.  94),  and  since  the  move- 
ment of  the  mercury  in  this  instrument  may  be  photographed  the 
results  can  lye  studied  in  det^iil.     The  variation  is  diphasic.     If  one 

*  See  Tigersteiit,  "  Die  Phydiologte  des  Krewlaufes,"  1893,  p.  SO,  Utr  litera- 
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electrode  is  placed  lowanl  the  Imse  of  the  heart  and  the  other  at  the 
apex,  then»  according  to  most  ol)ser\'ers,  the  base  first  Ijecomes  nega- 
tive as  regards  the  apex  and  later  the  ape^c  negative  as  regards  the 
base.  This  result  agrees  with  the  view  stated  above  of  the  di- 
rection taken  by  the  wave  of  contraction  in  the  ventrirnlar  muscle. 
Change  in  Form  of  the  Ventricle  During  Systole.— The 
8>'8toie  of  the  ventricle  cUminisiies,  of  courset  the  cavity  within  and 
forces  out  the  blood.  Whether  the  ca\'it3'  is  fompletely  obliterated 
under  ordinan'  conditions— that  is.  whether  the  ventricles  empty 
themselves  at  each  l>eat^ — is  not  certain.  Under  wliat  we  may 
designate  as  unusual  condititwis — such,  for  instance,  as  an  unusually 
high  pressure  in  the  aorta — it  seems  certain  tliat  the  venl  rk-le  ran  not 
empty  itself  completely  or  at  least  can  not  continue  to  do  sonant!  the 
result  in  such  cases  is  a  Ijaeking  uj>  of  blocnl  and  a  rise  of  pressure  in 
the  left  auricle  and  pulmonary  vein.  Mitch  attention  has  lieen  paid 
to  the  external  change  of  form  of  the  ventricle  during  systole. 
Does  it  diminish  in  size  in  all  di^vmeters  or  only  certain  diameters? 
The  question  is  one  that  can  not  lie  answered  definitely  for  all 
normal  conditions,  owing  to  the  fact  that  the  form  of  the  heart 
during  diastole  varies  with  the  jK>sturc  of  the  body.  During 
diastole  the  heart  muscle  is  quite  soft  and  relaxed,  and  consequently 
itfl  ahape  is  influenced  by  gravity.  The  exact  change  of  form 
that  it  undergoes  in  |)assing  from  diast'Ole  to  8>'stole  will  vary  with 
itfi  shape,  whatever  that  may  hapjx^n  to  l)e,  in  diastole.  During 
8>"Btole  the  musculature,  on  the  conlrar>',  L«  hanl  and  resisting  and 
the  form  of  the  heart  in  this  phase  is  proljably  constant.  The 
change  from  the  variable  diastolic  to  the  constant  systolic  form  will 
naturally  be  different  in  different  iM>f:«itions.  With  an  excised  fn)g*s 
heart  one  can  show  that  the  ventricle  is  elongated  in  passing  from 
diastole  to  syst^^le  or  one  can  show  the  reverse.  If  the  heart  is  laid 
upon  its  side  it  flattens  in  diastole  so  as  to  increase  in  length, 
and  S3'Stole  causes  a  shnrtening.  If  the  heart  is  held  or  placed 
with  its  apex  pointing  upward  it  flattens  during  diastole  so  as 
to  shorten  the  diameter  from  base  to  apex  and  during  systole 
this  diameter  is  lengthened.  In  ourselves  the  exact  change  of 
shape  is  probably  different  in  the  erect  from  what  it  is  in  the 
recund>ent  posture.  Sjieaking  generally,  the  accounts  agree  in 
stating  that  the  long  fliameter  of  the  heart  Is  ilecrease<l,  base  and 
apex  are  brought  closer  together,  and  the  diameter  from  right  to 
left  is  also  decreased,  while  the  anteroposterior  or  ventrodorsal 
diameter  is  increase^l.  That  is,  the  outline  of  the  base  of  the  heart 
during  diaiitole  is  an  ellip*^  with  ita  short  diameter  in  the  ventro- 
dorsal direction.  During  systole  this  outline  approaches  that  of  a 
circle.*     A  more  interesting  change  is  descriljed  for  the  apex  of  the 


•  See  Haycraft  and  Kde:(, 
31 


•  Jounml  of  rhyHiolog>'/'  12,  426. 
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ventricle.  Owing  to  the  whorl  made  by  the  superficial  fibers  at 
tliis  point  as  they  tiim  to  pass  into  the  interior  (see  Fig.  202,  /), 
the  systole  causes  a  rotation  of  the  apex,  which  is  thereby 
forced  more  firmly  agaiast  the  cheet  wall.  This  rotation  and 
erection  of  the  apex  during  systole  may  be  seen  upon  the  exposed 
heart  of  the  lower  mammals  and  has  been  tlescribed  also  for  man 
in  eases  in  which  tlie  heart  is  covered  only  by  the  skin,  owing  to 
malformation  in  the  chest  wall  (ectopia  cordis)  or  to  surgical 
operations. 

The  Apex  Beat. — The  apex  of  the  heart  rests  against  the  chest 
wall  at  the  fourth  or  fifth  intercostal  space,  and  here  the  s>*stole 
may  be  seen  and  felt  in  conse<iuence  of  a  slight  protrusion  of  the 
wall.  Much  discussion  has  ensueti  as  to  why  this  protnision 
occurs  during  systole,  since  the  apex  is  drawn  toward  the  hose 
and  the  \olume  of  the  heart  is  tliminished  by  the  output  of 
blood.  The  fact  seems  to  be  explained  satisfactorily  by  two  con- 
siderations: The  heart  during  diastole  rests  against  the  chest  wall 
at  ilii  apex  and  a  portion  of  its  anterior  surface,  but  causes  no  pro- 
trusion of  the  wall  l>ccause  the  tenseness  of  this  latter  is  sufficient 
to  flatten  or  deform  the  softer  heart  muscle.  During  systole  the 
hardene<l  heart  muscle,  on  the  contrarj',  overcomes  the  now  rela- 
tively less  resistant  integument.  The  rotation  of  the  af^ex  tends 
also  to  maintain  the  contact;  so  that,  although  the  heart  is  short- 
ened in  lU  long  diameter,  the  extent  of  the  movement  is  not 
sufficient  to  draw  it  away  from  the  chest  wall.  In  the  second  place, 
the  tlischargc  of  the  lieart  contents  int^)  the  curveil  aorta  by  lenrling 
to  stniighten  this  tulie  causers  a  movement  of  the  whole  heart 
downward  which  counteracts  the  effect  of  the  shortening  in  the 
long  diameter.  The  apex  beat  is  proof  that  the  apex  remains 
against  the  chest  wall  during  systole  and  in  mammals  corroborative 
experiments  have  been  made  hv  running  needles  through  the  chest 
wall  into  the  base  and  the  apex  of  the  heart.  Such  needles  act  as 
levers  with  a  fulcnim  in  the  skin,  and  from  the  movement  of  the 
projecting  portion  it  has  l)een  shown  that,  while  the  basal  portion 
of  the  heart  moves  downward  < luring  systole,  the  apex  remains 
more  or  less  stationary'  exce]>t  for  the  lateral  movements  due  to 
the  rotation. 

The  Cardiogram, — The  apex  l>eiit  may  l>e  recordetl  easily  by 
means  of  appropriate  tambours.  Several  instniments  have  be«n 
especially  devised  for  this  jnir})ose  and  are  designated  as  cardio- 
graphs. The  cardiograpli  dcscril>ed  by  Marey  is  shown  in  Fig.  203. 
It  consists  essentially  of  a  taml>our  inclosed  in  a  metal  box.  The 
rubber  membrane  of  the  tambour  carries  a  button  which  can  be 
brought  to  bear,  unijer  a  suitable  pressure,  upon  the  apex  of  the 
heart.    The  movements  of  this  button  cause  pressure  changes  in 
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the  air  of  the  tambour  which  are  transmitted  through  Uibing  to  a 
recording  tambour  and  ret^orded  on  a  kymographion.  A  simple 
and  efTeciive  cardiograph  may  be  made  hy  pressing  a  funnel 
against  the  skin  over  the  ajjex  and  coxmecting  the  stem  of  the 


FIc.  90S.— Uftray'a  cutlio^niph.  The  button  on  the  tuiibour  b  preand  upon  the 
cheat  over  the  apex.  The  moVNueoU  Are  1nndinitt«1  Oirough  tbe  tube  to  the  risht  to  » 
i««onUnc  taiuboux. 

funnel  by  tubing  to  a  suitable  recording  tambour.  The  car- 
diograms obtained  by  such  methods  have  been  the  s\ibject  of 
much  discussion.  The  form  of  the  cur\'e  varies  somewliat  with 
the  instrument  use<I,  the  way  in  wliich  it  is  applieiK  the  f>f>sition  of 
the  lieart  a|)ex  with  reference  to  the  chest  wall,  and  with  the  con- 


Flf.  3D4. — Two  cardioiervmfl  from  the  wnn  imlh'idtuii  tu  ahow  characterutic  records:   a« 

BeginiiiriK  nf  nystiAn;  h-r.  sytolic  plateau.— (After  Marry.) 

tlitions  of  the  circidation,  and  it  is  often  difficult  to  give  it  a  correct 
interpretation.  An  uncomplicateti  form  of  the  cardiogram  19 
representetl  in  Mg.  204.  7.  and  a  curx^e  more  difficult  to  interpret  in 
Fig.  21)4.  8.    It  should  l>e  Uime  in  mind  that  the  cardiograph  curve 
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is  partly  a  pressure  curve  and  partly  a  volume  curve, — that  is,  tb^ 
changes  in  volume  as  well  as  the  changes  in  pressure  of  the  hea-*^ 
during  systole  will  iiffoct  the  instrument. 

The  Intraventricular  Pressure  During  Systole. — The  l)ei^^ 
analyses  of  the  c  let-ails  of  the  systole  of  the  ventricle  have  been  nm<^  ** 
by  a  study  of  the  changes  in  pressure  within  the  ventricle.     Vr^^ 
this  purpose  a  tul>e  filled  with  licjuid  is  introduced  into  the  cavity  t^-  -^ 
the  ventricle.     A  tube  used  for  such  a  purpose  is  designated  as 
heart  sound.     For  the  right  ventricle  it  is  introduced  through  ars 
opening  in  the  jugular  vein  and  }}ushed  down  until  it  lies  in  thcs 
ventricle.     For  the  left  ventricle  it  is  introduced  by  way  of  the 
carotid  or  subclavian  arton.'  and  in  tliis  case  is  force<i  through  the 
opening  guarded   hy   the  semilunar  valves.    The  sound   is   then 
connectetl  to  a  suitable  recording  apjiaratus  by  rigid  tubing  filled 
vith  liquid.    The  changes  in  pressure  in  the  ventricle  are  extensive 


F 


Fig.  206. — STOebrarioU5  reeonJ  of  the  intrmvefttricular  pre«sur«  (K),  «nH  the  ftnrtio 
pIVMRire  {A)t  5,  The  Uioe  reconJ, — eiuh  vibration  ->  i^o  t^c;  0-5,  correMxiodujjg  otdi- 
nAlee  in  toe  two  curvea;  1  marlu  the  oficfuiiic  of  (he  semilunar  vklvoa;  3  nuurlLi  the 
cloture  of  theae  vuIvoh  and  the  beginning  ••/  iliantolc. — {UurthU.) 

and  very  rapid.  I'o  regi^^ter  them  accurately  the  recording  instru- 
ment must  res|X)nd  with  great  proinj)tness  and  at  the  same  lime 
must  l>e  free  fn>ni  inertia  inovenients.  A  mercury  manometer,  for 
instance,  would  l>e  entirely  useless  for  such  a  puq)ose,  since  the 
heavy  mass  of  mercun*  could  not  rr»llow  accurately  the  quick  chiinges 
in  pressure,  'ilie  reconiing  manometer  devised  by  Hiirthle  (p. 
449)  seems  to  have  met  the  requireinenls  more  satisfactorily  tluin 
any  other  of  the  numerous  inslnmicnts  described.  Atypical  run'e 
obtained  by  means  of  the  Hiirthle  uuinometer  is  given  in  Fig.  2(15.  V . 
(C-onsult  alsf>  the  classical  cun'e  obtuijied  by  (liauveau  and  Maroy 
from  the  lieart  of  the  horse  [Fig.  2(H].)  It  will  lie  seen  that  the 
pressure  in  the  heart  rises  suddenly  with  the  beginning  of  the  ven- 
tricular contractiim  and  a  certain  time  elnpses  before  this  jiressure 
is  strong  enough  to  o[>en  the  semilunar  valves.  The  moment  that 
this  occurs  (1,  on  the  ventricular  curve  in  Fig.  205)  is  det<?nnined 
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by  simultaneoiis  measDrenient  of  the  pressure  in  the  aorta,  it 
being  evident  that  the  pressure  will  begin  to  rise  in  this  latter 
vessel  the  moment  that  the  valves  o|>en.  It  is  interesting  to  find 
that  the  yielding  of  the  valves  to  the  rising  pressure  in  the  ventricle 
is  not  indicated  on  the  cnr\'e  itself  by  any  variation, — a  fact  which 
indicates  that  the  valves  open  smoothly,  and  are  not  thrown  back 
with  a  siulflen  shock.  A  ver>'  characteristic  feature  of  the  ventric- 
ular cur\'e  is  its  flat  top,  or  plateau  as  it  is  called.  In  some  case* 
the  plateau  slopes  more  or  less  upward,  in  other  cases  downward, 
depending,  doubtless,  on  the  respective  values  of  the  foree  of  the 
he&rt  contraction  and  the  aortic  tension,  for  ihtring  the  whole 
time  of  the  plateau  the  semihmar  valves  are  open  and  the  ven- 
tricle is  discharging  a  column  of  blood  into  the  aortji.  The 
different  features  of  the  ventricular  systole  as  gathereti  from  these 
pressure  curves  are  expressed  by  Hiirthle  *  as  follows: 

I.  Systole,  phas«  of  rontraclion  of  the  musrle  filier*  (0  to  3  in  FiR.  205,  V), 

(a)  Peritxl  of  tension  (0  tn  I'l.  (Jurinp  ^vhirli  the  auriruJu-ventricularand 

aemUmiar  valves  are  both  dossil  und  t)te  heart  niu^de  is  Hqueezing 

upoii  the  containeil  bluod.     Ttils  [lericHl  ends  at  the  opening  of  the 

lieniihinar  valves, 

(5)  Period  of  emptying  (1  to  3).     During  thl«  time  the  heart  is  empty- 

ing itself  intci  the  aorta  and  t!ie  Intravenlrit-uhir  |>re?c<ure  reinaijis 
ttb<n'e  aortif  pressure.     It  endn  with  the  resnation  of  the  contrar- 
tion  of  the  nutscle  aiid  the  I>cgiiininK  (>f  tho  ntpid  relaxation. 
IL   I)i:i>*ttile,  pha>e  of  relaxation  and  r&tt  of  the  nnisile  lil»erw. 

(a)  Perifxl  of  relaxation  from  3  vmtil  tlie  curve  rearhes  a  horizontal. 
At  the  itoginuing  of  the  relaxation  tlio  semilunar  valves  arc  cloned, 
and  fmm  fomiwirLson  with  the  auntie  ruire  the  instant  of  the  ocrur- 
rwu'C  of  thl-*  closure  is  pla4>e<i  at  4. 

(6)  Period  of  filling.  ThU  peri(ii!  l>efrinM  as  soon  an  theauriculo-ventric- 
ular  valven  of»en  anil  the  stream  <if  1jI(hjiI,  which  ha<l  l>een  (lowing 
into  the  nuricle  throiigliout  the  veiiiriciilnr  ^yJ*tole,  is  |)ennitted  to 
enter  the  ventricle.  I)urinu;  this  jterifHl  af  lillitin  the  ventricular 
rffcsertire  rises  ."lightly  a«  the  ncart  Ijecomcrt  turgid  with  blo^nl.  Thi* 
iucrea.se  of  pres^sure  Is  indicate*!  in  most  cardi<»grani.-'  hy  a  gradtiid 
ri:*e  of  the  cur\e  during  t.lii«  |)erio<l.  It  is  Hhowii  in  the  curve  of 
Oiauveau  and  Marey,  given  in  Fig.  201. 


The  Heart  Sounds. — An  interesting  and  important  featiu?e  of 
the  heart  Wat  is  the  occurrence  of  the  heart  sountls.  Two  sounds 
are  heani,  one  at  the  hepinrtinK-  the  other  at  the  end  of  the  ventricu- 
lar s>8tole.  The  first  sound  has  a  deef)er  pitrh  and  is  longer  than 
the  eecomi,  and  their  relative  pitch  and  diu^tion  are  represented 
frefjuently  hy  the  syllables  lubl>-dClp.  According  to  Haycraft,t 
both  tones  from  a  musical  standpoint  fall  in  the  bass  clef,  and  are 
0eparat«d  by  a  musical  interval  of  a  mimtr  thinl.  The  sounds  ant 
readily  heanl  by  applying  the  ear  to  the  thorax  over  the  heart,  Init 
for  iiiagnostic  piir|X)8es  the  stethoscope  is  usually  employed,  and 


•  Hiirthle,  '•  Areliiv  f.  d.  gesamtnte  PliVRioU»gie,"  49.  84, 189X. 
t  Journal  of  PhvHology,"  1 1,  4Hf».  ISOi). 
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this  method  of  investigation  by  hearing  is  designated  as  ausctdlation. 
The  importance  of  these  heart  sounds  in  tliagnosis  was  first  em- 
phaaizetl  by  Laennec  (1SI9).  and  since  his  time  a  great  number  of 
theories  have  been  projxxsed  to  explain  their  causation.  Indeed, 
the  subject  is  not  yet  doseci,  although  certain  general  views  reganl- 
ing  their  cause  and  the  time  of  their  occurrence  arc  generally 
accepted.  The  second  soimd  is  found  to  follow  immediately  upon 
the  clasure  of  the  semilunar  valves.  The  usual  view,  therefore,  is 
that  the  sound  is  due  ultimately  to  the  vibrations  set  up  in  these 
valves  by  their  sudden  closure.  These  vibrations  are  transmittetl 
to  the  column  of  blood  in  the  aorta  (or  pulmonary  arter>)  and  then 
tu  the  intervening  tissue  of  the  chest  walh  This  \iew  is  made 
probable  by  a  number  of  exjwrimental  n^sults,  some  of  the  most 
important  of  which  were  brought  out  by  Williams  in  a  report  (1836) 
of  a  committee  apfxiintetl  by  the  British  Association  for  the 
special  puqjtise  of  investigating  the  subject.  It  has  been  shown; 
(1)  That  the  second  sound  flisii]ij>cars  before  the  first  sound  when 
the  animal  is  bled  to  death,  and  indeed  as  soon  as  the  heart  ceases 
to  throw  out  a  supply  of  bbod  sufficient  to  maintain  aortic  tension- 
It  disajijx^ars  also  when  cuts  are  made  in  the  ventricles  so  that  the 
l>lood  nmy  escape  othenvise  than  through  the  arteries.  (2)  When 
the  valves  of  the  puhuonary  artery  and  aorta  are  hooked  backui  the 
living  animal  the  second  sound  is  replaced  hy  a  munuur  due  to  the 
rushing  back  of  the  blood  into  the  ventricle,  and  if  the  valves  are 
dropi>ed  hack  into  place  the  normal  second  sound  is  again  heard. 
(3)  Similar  sounds  may  l)e  [jroduced  if  the  root  of  the  aorta  with  its 
valves  in  place  is  excised  and  att^chetl  to  a  glass  tube  carr>'ing  a 
column  of  water.  With  such  an  arrangement,  if  the  valves  are  held 
oi>en  for  a  moment  and  then  closed  shaq^ly  by  the  pressure  of  the 
colunm  of  water  a  sound  similar  to  that  of  the  second  heart  sound 
is  heard. 

The  physician  uses  this  view  of  the  cause  of  the  second  sound  in 
auscultation,  and  it  is  evident  that  the  nature  of  the  sound  or  its 
replacement  by  munnurs  will  give  useful  testimony  reganling  the 
condition  of  the  semilunar  valves.  The  first  heart  sound  has  of- 
fered more  difficulty.  It  occurs  at  or  shortly  I  efore  the  closure  of  the 
auriculo-ventricular  valves,  and  it  would  seem  natural,  therefore,  to 
attrilnite  it  to  the  vibration  of  these  valves  when  sucidenly  put  under 
tension  by  the  ventricular  systole.  Most  authors,  indeed,  beUeve 
that  this  factor  is  at  least  partially  responsilile  h>r  the  sound, — 
that  is,  that  the  sound  contains  a  valvular  element.  iUit  that  this 
is  not  the  sole  cause  is  shown  by  the  fact  tliat  the  bloodless  lieating 
heart  still  gives  a  sounri  at  the  time  of  the  ventricular  systole. 
Indeed,  if  the  npcx  of  the  rabbit's  heart  is  cut  off,  it  continues 
to  beat  for  a  few  minutes  and  during  this  time  gives  a  first  heart 
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sound.  It  is  usually  said,  therefore,  that  the  first  heart  sound  is 
caused  by  the  combinatioa  of  at  least  two  factors, — a  valvular 
element  due  to  the  vibration  of  the  auriculo-ventricular  valves,  and 
a  usuacular  element  due  to  the  vibration  of  the  contracting  muscular 
tunss.  Accepting  this  view,  there  is  a  further  difficulty  in  explain- 
ing the  origin  of  the  muscular  element.  Acconling  to  some,  it  is 
due  to  the  fact  that  the  contraction  of  the  muscle  fillers  is  not 
aitnultancous  throughout  the  ventricle  and  the  friction  of  the  inter- 
bu*ing  fil>ers  seta  up  vibration  in  the  muscular  mass;  according  to 
others,  the  so-called  muscular  element  is  mainly  a  resonance  tone  of 
the  ear  menibrane  of  the  auscultat<ir.  the  shock  of  the  contracting 
heart  sets  the  tympanic  membrane  t<>  vibrating.  It  seems  useless 
to  attempt  a  detaileii  discussion  of  these  conHir-ting  view^,  since  no 
convincing  statements  can  Ik?  made.  Practically,  the  time  at  which 
the  heart  sounds  (wcur  is  of  great  importuncc.  A  n»iml>er  of 
obserxers  have  recorded  the  time  upon  a  carLbogniphic  tracing  of 


low  tb«  ttmr  relatum  nf  thr  hcmrt  wtuntls  to  thp  venlnculir  t«ftt 
„-iiCOi  tbit  veutrieular  preni«ure  in  the  rijEht  wntriclc  ni  the  hnn«.  Be- 
Whom,  ropeclivply.  the  rime  nf  the  fir^t  an<i  !>ecoml  •M^>un<l*.  The  fiixt 
ftf(«r  the  b«cinninK  of  systole,  the  second  immediately  after  the   beffift* 


the  heart  beat  with  results  such  as  are  shown  in  Fig.  206.  The 
figure  shows  clearly  the  general  fact  that  the  first  sound  is  heard 
ver>'  shortly  after  the  l>eginning  of  systole  and  the  second  one 
imme<hately  after  the  en<i  of  systole.  The  first  sound  is  therefore 
aystolic,  and  the  second  sound  diastolic.  A  more  exact  and  de- 
tailed study  of  the  time  relations  of  the  heart  sounds  has  l)een  made 
by  Kinthoven  and  (ieluk.*  These  authors  obtained  graphic  records 
of  the  heart  soimds.  The  sounds  received  first  by  a  microphone 
were  transmittenl  to  a  capillar}*  electrometer  and  the  movements 
of  the  lattt*r  were  jihotographed.  As  one  result  of  tlieir  work  they 
give  the  schema  sho^7i  in  Kig,  207.  It  will  lie  seen  from  this  figure 
that  the  first  sound  begins  alwiut  0.01  sec.  l>efore  the  cardiogram 
shows  the  commoncen^ent  of  svstole.  and  that  for  the  first  0.06  sec. 
the  sound  is  heani  only  over  the  apex  of  the  heart  (a-6).    Over  the 

•  FTmtiioven  uid  Geluk,  "  Archiv  f.  d.  ges&mmte  Pliysiologie,  '*  57.  617, 
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base  of  the  heart  (second  intercostal  space)  the  first  sound  is  heard 
(6  to  c-d)  just  at  the  time  when  the  eemiJunar  valves  are  opened 
(6'), — that  is,  at  the  beginning  of  the  period  of  empt>-ing  acconiing 
to  the  classification  given  on  p.  485.  The  first  sound  ceases  long 
before  the  ventricular  contraction  itself  is  over. — a  fact  which 
would  seem  to  indicate  that  the  muscular  element  in  the  first  sound 
is  not  a  muscular  sound,  such  as  is  given  out  by  a  contracting 
skeletal  muscle.  The  beginning  of  the  second  soimd  seems  to  mark 
exactly  the  time  of  closure  of  the  semilunar  valves.  The  character 
and  the  time  relations  of  the  murmius  that  accompany  or  replace 
the  heart  sounds  form  the  interesting  practical  continuation  of  this 
theme;  but  the  subject  is  so  large  tliat  the  student  must  l)e  referral 
for  this  information  to  the  works  upon  clinical  methods. 

The  Events  That  Occur  during  a  Single  Cardiac  Cycle.— 
By  a  complete  cardiac  cycle  is  meant  the  time  from  any  given 


FijB,  'JO*. — Schemalir  repre^tentation  of  the  relation  nf  ibe  heart  aoun.i*  to  tit*  \-«nltie> 
ul«r  tMAt:  C.  The  cardiognun;  1.  to  t^how  the  duration  of  the  fir>t  beArt  ^luud;  2.  Um 
duration  of  too  fcoond  heart  sound ;  S,  the  time  record,  each  division  corr^HMmdiuc  t^ 
0.03  eec.  In  1,  a-^i'  rnarkn  the  imstant  that  the  fir»t  heart  sound  is  beard  over  the  apex. 
aiMl  6-6'  the  moment  that  it  is  heard  at  the  seound  intercostal  space.— CiFialA«w»  aw 
Gtluk.) 


feature  of  the  heart  ]>eat  until  that  feature  is  again  prtxlucetl.  It 
may  be  helpful  to  summarize  the  events  in  such  a  cycle  l>oth  as 
regards  the  hca.rt  and  as  regards  the  blootl  contained  in  it.  We 
may  begin  with  the  closure  of  the  semilunar  valves.  At  that 
moment  the  second  heart  sound  is  heard  and  at  that  moment 
the  ventricle  is  quickly  relaxing  fmm  its  previous  contraction. 
Since  the  auriculo-ventrictdar  valves  are  still  closed,  the  ventricles 
for  a  brief  interval  are  shut  off  on  both  sides.  The  blood  is  floi^-ing 
steadily  into  the  auricles  and  dilating  them.  As  soon  as  the 
ventricular  relaxation  is  complete  the  pressure  of  bloo<l  in  Ihe 
auricles  opens  the  auriculo- ventricular  valves,  and  from  that  moment 
until  the  beginning  of  the  auricular  systole  the  blood  from  the  laigc 
veins  is  filling  both  ventricles  and  auricles.  The  ventricles  become 
more  tense  and  the  auriculo-vcntricidar  valves  are  floated  into 
pasition  ready  for  closure.  The  auricular  systole  sends  a  sudden 
wave  of  blood  into  the  ventricles,  dilating  them  still  further  and 
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momentarily  blocking  or  retanling  the  flow  from  the  large  veins, 
whence  the  normal  venous  pulse  in  the  jugular  veins,  'I'he  ven- 
tricular systole  follows  at  once  upon  the  auricular  systole,  the 
exact  relations  in  this  case  depemling  somewhat  upon  the  pulse 
rate.  As  the  ventricle  enters  into  contraction  the  auriculo-ventric- 
ular  valves  are  tightly  closed,  the  first  sound  is  heard,  and  for  a 
short  interval  the  ventricular  cavity  is  again  shut  off  on  both 
sides.  Soon  the  rising  pressure  in  the  interior  forces  open  the 
semilunar  valves,  and  then  a  column  of  hluod  is  discharged 
into  aorta  and  pulmonary  artery  as  long  as  the  contraction  lasts. 
During  thw  inten'al  the  flow  at  the  venous  end  of  the  heart 
continues,  the  blood  being  receivetl  int^  the  yielding  auricles. 
Indeed,  this  capacity  for  receiving  the  venous  inflow  dur- 
ing the  comparatively  long -lasting  ventricular  systole  may  be 
consideretl  as  one  valuable  mechanical  function  fulfilled  by  the 
auricles.  The  venous  flow  is  never  completely  l>lr»cked  and  at  the 
most  sufi'ers  only  a  slight  retanlation  diu*ing  the  ver>'  brief  auricular 
systole.  At  the  end  of  the  ventricular  systole  the  excess  of  pressure 
in  the  aorta  and  the  pulmonarj'  arter>*  closes  the  semilunar  valves 
and  completes  the  cycle. 

Time  Relations  of  Systole  and  Diastole. — The  diu*ation  of  the 
separate  phases  of  the  heart  l_»eat  depends  natunilly  on  the  rate 
of  beat,  .\ssuming  a  low  pulse  rate  of  70  per  minute,  the  average 
duration  of  the  different  phases  may  l)e  estimated  iis  follows: 

Veiitricdlar  sv^tole. =  0.379  j^v. 

Ventricular  diastole  and  pause =  0.4S.'i     " 

Aurioular  systole ,  .    .  =  O.I       to  M.I 7       " 

Auricular  diastole  and  pauae =  0.762  to  0.692     " 

Einthoven  and  Celuk,  in  the  investigation  referred  to  above, 
measured  the  time  intervals  of  systole  antJ  dia.stole  during  fifteen 
heart  periods  of  a  healthy  man,  and  foxmd  that  the  time  for  the  systole 
varied  between  {).'M2  and  ().:i46  sec.,  while  that  for  the  diastole 
varied  frf)rn  0.385  to  0,r5!S  .sec.  Exjjerinients  by  a  numlxr  of  ob- 
scn'ers  indicate  that  in  the  great  changes  of  rate  whicli  the  heart 
may  imdergo  un<lcr  nonnal  conditions  the  diast^>lic  phase  is  afi"ected 
relatively  much  more  than  the  systolic,  as  \vc  shf»uld  expect. 

The  Normal  Capacity  of  the  Ventricles  and  the  Work 
Done  by  the  Heart.- -Various  efforts  have  )>een  made  U*  measiu^ 
the  normal  capacity  of  the  ventricles,  but  the  determination  has 
encountered  many  difRcidties.  Kxjjerimentsand  obserA'ations  made 
upon  the  excised  heart  are  of  little  value,  since  the  distensible 
walls  of  the  ventricles  yield  readily  to  pressure,  and  it  is  flifhcult 
or  impossible  to  imitate  exactly  the  contlition.s  of  pressure  that 
prevail  during  life.  Xor  is  it  certain  whether  normally  the  ventricles 
empty  themselves  completely  during  systole.    The  older  obser%'er3 
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(Volkmann^  Vierordt)  attempted  to  arrive  at  a  determination  of  t  ^ 
normal  output  of  the  ventricles  by  calculations  l>ase»l  ujwn  t^^^ 
velocity  of  the  l)lood  in  the  carotid  and  the  width  of  the  strwi  -*^ 
be<l.  From  oi)servations  on  many  animals  they  arrived  at  tt^:^^-*^. 
generalization  that  at  each  systole  the  amount  of  bIfKMi  ejecte 
fmm  the  ventricles  is  eqtial  to  al)Out  fi^y  of  the  l)ody  weight.  Fo- 
a  man  weighing,  say,  72  kilograms  (158  lbs.)  this  ratio  would  giva 
an  output  for  each  systole  of  ISO  gms.  (6  ozs.).  .More  recenC 
observers,  however,  have  found  this  estimate  too  high.  HowelP 
and  Donaldson*  measureti  the  output  directly  for  the  heart  of  the 
dog,  making  tise  of  a  heart  isolaletl  from  the  l>ody  and  kept  beating 
by  an  artificial  circulation.  The  ratio  of  the  output  varietl  with  the 
rate  of  beat:  for  a  rate  of  18()  l>eats  i:>er  minute  it  was  equal  to 
0.tM)l  17  driy)  of  the  liody  weight;  for  a  rate  of  120  beats  |>er  minute 
it  was  equal  (o  0.0014  irhs)-  '^hls  ratio  is  therefore  about  one-half 
of  that  propxjsed  by  Volkmann.  Tigerstetit.  from  observations 
upon  rabbits,  obtained  a  lower  ratio  still  (0.00042);  but  from  his 
own  results  and  those  obtained  by  other  workers  he  concludesf 
that  an  average  valuation  for  the  volume  of  blood  discharged  by 
each  ventricle  of  the  human  heart  is  from  50  to  100  c.c.  On  this 
basis  one  may  make  an  approximate  estimate  of  the  work  done 
at  each  beat.  Using  Tigerstetlt's  figures,  such  results  as  the  follow- 
ing are  obtained:  On  the  left  side  the  heart  empties  its  1(X)  c.c. 
against  a  pressure  of  150  mms.  Hg.  (0.150  meter)  and  on  the  right 
Bi<le  against  a  pressure  of,  say,  60  mms,  Hg.  (0.06  meterL  The 
work  tione  is  calculated  fmn^  the  formula  U7=;}r,  in  which  p  repre- 
sents the  weight  of  the  mass  thrown  out  and  r  the  resistance  or 
mean  aortic  pressure.  This  latter  factor  must  lie  multiplied  by 
13.6,  the  density  of  mercurj'-j  to  reduce  to  a  column  of  blood. 

Left   ventricle,  lOOgtiw.  X  (0.150  X  13.6)  =  204.0  (zrammetew. 
Right        '*        100    "     X  (0.06    X  13.6)  =    Sir. 

285.0  grammeters. 

To  this  must  be  added  the  energy  represented  In'  the  velocity 
of  the  mass  ejected  into  the  aorta.  Placing  this  velocity  at  500 
mms.  (0.5  meter)  for  both  aorta  and  pulmonary*  artery,  the  energ>' 
represented  in  mechanical  work  is  estimated  from  the  formula  ^ 
in  which  p  represents  the  weight  of  the  mass  moved,  v  the  velocity 
of  its  movement,  and  *;  the  accelerating  force  of  gravity.  Applying 
this  formula  we  have  for  each  ventricle  ^^^^^9:1^=  1.28 grammeters, 
or  for  both  ventricles  2.56  grammeters,  making  a  total  of  over  288 

♦  Howell  and  Donaldson,  *'  Philosophical  Transactions,"  RovoJ  Soc,,  Lon- 
don, ISW. 

tTigerstedt,  "Lehrbuch  der  Physiologie  des  Kreislaufes/'  p.  152,  1893. 
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gmmnietere  of  work.  That  is,  the  mwhanical  work  done  at  each 
contraction  of  the  heart  is  equal  to  that  necessar>'  to  raise  288  gms. 
a  meter  in  height.  The  calculations  made  by  different  authors  as 
to  the  amount  of  hlootl  diiicharged  from  each  ventricle  during 
sj'stole  may  l>e  tabulated  as  follows: 

Thomas  Vouog 45  gms. 

VoIkm&riTi 188  *'     for  weight  of  72  kgnu. 

Vierordt 180  •"      *'        "       "    *'       " 

Fick 60-73  *' 

Howell  and  I>nnalil?ioii 75-90  "      ' l>o 

Uoorn'eg.    .  47  *' 

Zunts.                                     .  60  " 

llgeniteUt 50-100  " 

Plumier 70  *' 

Loewy  and  V.  Schratter  55  "      "        "          fiO-65  kjmw. 

The  Coronary   Circulation  during  the   Heart   Beat. — The 

condition  of  the  blood-flow  in  the  coronary  vessels  during  the  phases 
of  the  heart  lx»at  has  been  the  subject  of  much  sj>ecuiation  and 
experiment,  since  it  has  entered  t\s  a  factor  in  the  discussion  of 
several  mechanical  and  nutritive  problems  that  are  connected  with 
the  physiologj'  of  the  lieart.  According  to  a  view  usually  attributed 
lo  ITiebesius  (1708),  the  flaps  of  the  seniihinar  valves  aa*  thrown 
liack  during  systole  and  shut  off  the  con)nary  circulation,  and 
therefore  the  coronan'  vessels,  unlike  those  of  other  organs,  are 
filled  during  diastole.  In  modem  times  this  view  has  l)een  revived 
by  Briicke,  who  made  it  a  part  of  his  theory  of  the  *'  self-regulation  " 
of  the  heart  Ijeat.  According  to  this  view,  the  coronaries  are  shut 
off  from  the  aorta  during  systole  by  the  flaps  of  ihe  semilunar  valves, 
BO  that  the  contraction  of  the  ventricle  is  not  ofjjwised  by  the 
distended  arteries,  while,  on  the  other  hand,  the  reinjection  of  these 
vessels  from  the  aorta  during  diastole  aids  in  the  dilatation  of  the 
ventricular  cavities.  Experimental  work  lias  shown  decisively  that 
the  part  of  this  theor>'  relating  to  the  closure  of  the  coronar>'  arteries 
by  the  semilunar  valves  is  incorrect.*  Heeonls  of  pressure  changes 
in  the  coronar>'  arteries  during  the  heart  lieat  made  by  Martin  and 
Sedgwick  and  by  Porter  show  that  they  are  sul>stantially  identical 
with  thoee  in  the  carotid  or  aorta,  and  records  of  the  velocity  of  the 
blood-flow  made  by  Rebatel  show  that  at  the  beginning  of  systole 
the  flow  in  the  coronaries  suffers  a  sudden  systolic  acceleration  as  in 
the  cjise  of  other  arteries.  During  systole,  therefore,  the  mouths  of 
the  comnar>'  arteries  are  in  free  communication  with  the  aorta. 
But  the  coronar\'  system — arteries,  capillaries,  and  veins — is  in 
part  irat)edded  in  the  musculature  of  the  ventricles,  and  we  should 
suppose  that  the  great  pressure  exerted  by  the  contracting  muscu- 

•  See  Porter.  "  Aniericaii  Journal  of  I*h>Violog>',"  1,  145,  1898,  for  di»- 
&nd  literature. 
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lature  would  at  tlie  }ieight  of  systole  clamp  off  this  system  and  stop 
the  coronan'  circulation.    That  this  result  really  liappens  is  indi- 
dicated  by  Rebaters  curves  of  the  velocity  of  the  flow  in  the  coro* 
nar\'  arteries.     As  shown  in  P'ig.  208,  the  great  acceleration  (a)  is%^ 
velocity  at  the  beginning  of  systole  is  quickly  followed  by  a  drop  to 
zero  {b)  or  even  a  negative  value, — that  is,  a  flow  in  the  other  direc — 
tion,  toward  the  aorta.    At  the  end  of  the  first  (relaxation)  phas^s^ 
of  diastole  there  is  again  a  sudden  increase  in  velocity  (c),  corre — 
spondingwiLh  the  injection  of  the  arteries  from  the  aorta,  and  thi 
again  by  a  decrease  at  the  enil  of  the  diastole  at  the  time  when  the- 
ventrieular  cavity  is  filled  with  venous  blood  under  some  pressure. 
Porter,  moreover,  has  shown  in  an  interesting  series  of  ex{>erimeDtB 
that  when  a  piece  of  the  ventricle  is  kept  Ijeating,  by  supplying  it 
with  blood  through  its  nutrient  artery  from  a  reservoir  at  con- 
Btant   pressure,  each   systole  causes  a  jet  of   blood  from  the  sev- 
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Klg.  208. — BimultAneouH  record  of  the  blood-preanire  (A)  uid  the  hlnod-vcjodty  iSy 
in  th*  coronary  Hrteriefi  (Cknuveau  and  Rebntcl):  a,  Marks  the  bcfnnninfi  of  the  s\-stole 
(there  is  a  rwe  in  [>r«*s^urc  Hn<i  in  vi»I<M-ily);  b,  ninrkt  n  ^oon*!  ri-e  of  prpK"<ure  (A)  *!ue  to 
the  closure  <tf  fhe  cintnary  cai>illnrieH  by  ihc  coiitrurtiiifc  veiitnrle  (at  thb*  tnontent  in  B 
the  velocity  fuiU  i.ff  ra(>i<ily);  r,  f-urve  (B)  *howH  an  iiicrr&j^  in  vel'M*Jtv  <Jue  *•">  the  f»p*D- 
ing  of  the  nmail  coronary  ves(«U  at  the  l^ginninc  of  di&siMle. 


ered  vessels  at  the  jnargin  of  the  piece.  In  fact,  the  rhythmical 
squeeze  of  its  own  vessels  during  systole  accelerates  effectively  the 
coronar>'  circulation.  The  volume  of  blood  flowing  through  the 
heart  vessels  increases  with  the  frequency  or  the  force  of  the  Ixrat, 
since  each  systole  empties  the  coronar\'  system  more  or  less  com- 
pletely toward  the  venous  side  and  at  each  diastole  the  di:?tended 
aorta  cjuickly  fills  the  empty  vessel. 

The  Suction-pump  Action  of  the  Heart. — So  far  in  con- 
sidering the  nieehanii'S  of  t!»e  circulation  attention  has  l^een  direoted 
only  to  the  force-piaup  action  fif  the  heart.  .All  of  the  energy  of  the 
circulation,  the  velocity  of  the  flow  and  the  internal  pressure,  lias 
been  referred  to  the  force  of  contraction  of  the  ventricles  as  the 
main  cause,  and  to  certain  accessory  factors,  such  as  the  respimtonr* 
movements  and  the  contractions  of  the  skeletal  muscles,  as  subsid- 
iary causes.    It  is  jxissihle,  however,  that  the  heart  may  also  act  as 
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A  suction-pump,  sucking  in  blood  from  the  venous  side  in  conse- 
quence of  an  active  dilatation.  According  to  this  view,  the  heart 
works  after  the  manner  of  a  syringe  bulb,  which  when  squeezed 
forces  out  liqiiid  from  one  end  and  when  relaxed  sucks  it  in  from 
the  other  in  consequence  of  its  elastic  dilatution.  While  this  view 
has  long  been  entertained,  nuMlem  interest  in  it  was  aroused  chiefly 
perhape  by  the  experiments  of  Goltz  and  Gaule,  wliich  showed  ihat 
at  some  f)oint  in  the  heart  beat  there  is  or  may  be  a  strong  negative 
pressure  in  the  interior  of  the  ventricles.*  I'heir  metho<l  consisted 
in  eonnecting  a  manometer  with  the  interior  of  the  ventricle  and 
interpfising  between  the  two  a  valve  that  opened  only  toward  the 
heart.  The  manometer  was  thus  converteil  into  a  minimum 
manometer,  which  registered  the  lowest  pressure  reached  during 
the  perimi  of  ol^servation.  By  this  rnethrxl  they  and  others  have 
shown  that  in  an  animal  (dog)  with  an  oj^enetl  thorax  the  pressure 
in  the  interior  of  the  ventricles  may  he  negative  to  an  extent  equal 
to  20,  30,  or  even  50  nuns,  of  mercur>'.  Moreover,  by  the  use  of 
■ome  form  of  elastic  manometer,  such  as  the  Hurthle  iastniment 
(p.  449),  it  has  l>een  shown  that  this  negative  pressure  occurs  at  the 
end  of  the  perimi  of  relaxation,  at  the  time,  therefore,  at  which  it 
might  be  supiwsed  to  exert  a  marked  influence  upon  the  inflow  of 
venous  blood.  It  should  be  added,  however,  that  a  negative 
pressure  can  not  be  shown  for  ever\^  heart  l>eat.  It  may  be  alisent 
altogether  or  slight  in  amoimt.  varyingt  no  doubt,  witli  the  force  of 
contraction  and  the  condition  of  the  heart.  Physiologists  have 
attempted  to  detennine  the  cause  of  this  negative  pressure  and  the 
extent  of  its  influence  on  the  blood-fi(»w.  With  regard  to  the  first 
question,  so  many  answers  have  lieen  proposed  that  it  is  ilitficult 
to  arrive  at  a  satisfactory  opinion.  Acconiing  to  some,  the  heart 
tends  to  dilate  at  the  end  of  its  systole  by  virtue  of  its  own  elasticity^ 
— that  is,  the  elasticity  of  its  own  musculature  or  of  the  connective 
tissue  contained  in  its  substance;  for  example,  Ijeneath  the  en- 
docardium, in  the  walls  of  the  arteries,  etc.  This  view,  however, 
finds  little  or  no  support  from  direct  experiments  made  upon  the 
freeh,  living  heart.  If  such  a  heart  in  a  bloodless  condition  is 
squeezed  by  hand  there  is  no  evidence  of  an  elastic  recoil  as  in  the 
case  of  a  syringe  bulb.  ( )thers  have  explained  the  negative  pressure 
AS  due  not  to  a  simple  elastic  eximnsion,  i)Ut  to  what  may  Ije 
called  a  physiological  expansion, — that  is.  an  expansion  due  to 
physiological  prcx-esses.  such  as  anabolic  changes.  Such  a  view, 
however,  is  at  present  more  or  less  8peculati>e  and  can  not  be  con- 
clusively demonstrated.     Still  others  have  traced  the  expansion  of 


•  For  n  complete  tlisca^^yion  nf  ihU  subject  and  the  literature  .see  tlie  lu^ 
tide  bv  Kb^tein.  '*  Die  Diaslnle  rles  Herzens,"  in  the  *'  Krgebnisse  fler  Physi- 
olofcie/'  vol.  iii,  part  ir,  1004. 
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the  ventricle  and  the  resulting  negative  pressure  to  the  sudden  in- 
jection of  the  corcmary  system  from  the  aorta  at  the  l^ginning  of 
diastolf*.  'Ihe  heart  in  contracting  exerts  a  force  greater  than  that 
of  the  blood  in  the  coronar>'  vessels,  and  probably,  therefore,  these 
vessels  are  emptied  and  their  cavities  obliterated  in  part.  At  the 
beginning  of  diastole  they  are  reinjected  with  Jiloo<l  under  a  pressure 
of  }>erhajts  1 00  nuns,  of  nierciu^-.  and  tliis  fact  seetns  to  ofTer  a 
proliable  oxplanatinn  for  a  partial  dilatation  of  the  ventricular  cavity 
and  a  prorluction  of  negative  pressure  in  the  brief  interval  before  the 
oiK'uing  nf  the  auriculo-ventricular  valves.  No  view,  however,  haa 
met  with  geiientl  acceptance,  and  the  cause  or  causes  that  i>roduce  the 
negative  intraventricular  pressure  are  still  a  subject  for  investiga- 
tion. Reganling  the  secontl  question  ])roposed  abov^e, — namely, 
the  extent  of  the  influence  of  this  negative  pressure  on  the  flow 
of  venous  blood  to  the  ventricles, — much  diversity  of  opinion  also 
exists.  Direct  experiments  made  by  Martin  and  Donalibon* 
indicate  tliat  this  factor  has  little  or  no  actual  influence  upon  the 
venous  flow.  These  authors  lused  an  isolated  ilog's  heart^  kept 
beating  by  an  artificial  supply  of  blood.  At  a  given  moment  the 
stream  of  blood  into  the  vena  cava  was  shut  off  an<l  the  auricle  of 
the  heart  was  brought  mto  conunvmication  with  a  U  tube  filled 
with  blood.  It  was  found  that  the  auricle  took  blood  frtmi  this 
tube  only  so  long  as  the  pressure  in  it  was  positive.  Although  the 
heart  continued  to  Ijeat  vigorously,  vvhatever  negative  pressure  was 
present  in  the  ventricle  was  unable  to  suck  any  blood  into  the 
auricle  from  the  U  tube,  Porterj  also  has  shown  tliat  at  the  time 
of  a  strong  negative  pressure  in  the  ventricle  the  auricle  may  give 
little  or  no  evidence  of  a  similar  fall  in  pressure.  It  would  seem 
nio^  probable,  therefore,  that  the  negative  pressure  observed  under 
certain  conditions  in  the  ventricles  is  a  fleeting  phenomenon,  and 
disapj:>ears  with  the  entrance  of  the  first  portion  of  the  Ij1oo<1  from 
the  auricles.  While  it  may  be  of  value  in  accelerating  the  opening 
of  the  auricnlo-ventricular  valves,  its  influence  does  not  extend  to  an 
actual  suction  of  the  blood  from  the  veins  toward  the  heart.  Other 
authors,  however,  on  the4>retical  groimds  attribute  more  actual  im- 
portance to  the  negative  pressure  as  a  factor  in  nnjving  the  blood. 
Occlusion  of  the  Coronary  Vessels. —  Fhe  ec»ronary  vessels 
supply  the  tissues  of  the  heart  with  nutrition,  including  oxygen, 
so  that  if  the  circulation  is  interrupted  the  nonual  contractions  s(X)n 
cease.  The  branches  of  the  large  coronaries  form  what  are  known 
as  tenninal  arteries, — tliat  is,  each  supplies  a  sejjarate  region  of  the 

*  Martin  arul  Donaldson,  "StU'lie?*  fmiii  tlie  Hioinpical  Laboratorv,  John» 
Hopkins  l*nivei>itv."  4,  37,  1887;  ulso  Martin's  "Physiological  t*apers/' 
Baltimore.  ISy.S. 

t  *Moiiniiil  of  PhvsioloKy,"  13,  513,  1892. 
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musculature,  and  although  an^tomoaes  may  exist  they  appear 

to  lie  tfKi  inroniplete  to  allow  a  collateral  rirrulution  to  he  est^b- 

lislied  when  one  of  the  main  arteries  is  wclutled.     The  portion  of 

the  heart  supplied  by  it  dies,  or  to  use  the  pathologiral  term,  untler- 

necrosis,     ( »n  arc(»unt  nf  the  ])atiio]ogica]  interests  involved — 

the  known  serious  results  that  may  followtjcclusirm  of  any  nf  the  coro- 

iiaT>'  vessels  or  even  any  interference  with  the  nonnal  structure  of  the 

vessels — a  munher  of  investigations  have  been  made  upon  animals 

to  determine  the  effect  of  occhiding  one  or  more  of  the  coronar>' 

veeeels.*     It  would  seem  from  Porter's  exi>erinient*s  that  the  results 

of  such  an  operation  van'  according  to  the  size  of  the  area  deprived 

%A  its  blood.     When  the  arteria  septi  alone  was  occhuled  the  heart 

was  not  affccteil,  when  the  arteria  coronaria  dextra  was  occhided 

the  ventricular  contractions  were  arrested  in  18  per  cent,  of  the 

cases  ol)ser\'eil.     Occlusion   of  the  ranuis  descendens  of  the  left 

coronar>'  arter\'  eausetl  arrest  of  the  ventricles  in  o(J  f>er  cent,  of  the 

cases,  while  occlusion  of  the  cireumfiex  liranch  of  the  same  artery 

cAiised  arrest  in  8()  per  cent,  of  the  causes.     Ligation  of  three  of  the 

arteries  caused  stoppage  uf  the  heart  in  all  cases. 

Fibrillar  Contractions.— The  arrest  of  the  ventricles  in  the 
experinients  just  descri^jed  fi>liowed  imme<Hately  or  within  a  shnrt 
period,  and  the  ventricle  went  into  fibrillar  contmctions.  In  this 
curious  condition  the  various  fibers  of  the  ventricular  muscle,  in- 
stead of  contracting  together  in  a  co-f)r(Unuteil  fiushion,  contract 
separately  and  irregularly;  so  that  the  surface  of  the  ventricle  has 
the  appearance  of  a  vibrating,  twitching  mass.  Such  a  condition 
in  the  ventricle  is  usually  fatal, — that  is.  the  nuusctdature  is  not  able 

I  to  rerover  its  co-ordinate*!  movement.  This  condition  may  come 
on  with  great  suddenness  as  the  result  of  occlusion  of  the  arteries, 
of  injury  to  certain  parts  of  the  heart,  or  from  strong  electrical 
stunulation.  Fibrillation  of  the  auricles  also  occurs  frequently 
ODder  experimental  conditions,  but  the  musculature  in  this  part  of 
the  heart  seems  to  he  able  to  return  to  its  normal  co-onlinated 
contractions  with  nuich  less  diflicuhy.  The  cause  of  the  sudden 
change  from  cc)-ordinated  to  fibrillar  contractions  has  never  been 
satisfactorily  explaine<l.  In  this  connection  it  is  interesting  to 
recall  also  that  when  any  injun.*  Is  done  to  either  ventricle  suf- 
ficient to  .stop  the  contractions  or  cause  fibrillation  both  ventricles 
Bttjp  together.  It  is  nut  possible  to  stop  one  alone.  This  result 
ifl  doubtless  due  to  the  fact  that  their  musculature  Is.  after  all,  one 
aet  of  fUters  common  to  Ijoth  chaml>er8. 

*  For  a  de^'riptioii  of  results  atitl  tlio  literature  ^ee  Porter,  "  Jounial  of 
VhydoUtgy/'  15,  121,  1893;   nUo  "Journal  of  Experimentja  Medicine,"  1,  I, 
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CHAPTER  XXrX. 

THE  CAUSE  AND  THE  SEQUENCE  OF  THE  HEART 
BEAT— PROPERTIES  OF  THE  HEART  MUSCLE, 


General  Statement. — The  cause  of  Uie  heart  l)eiit  has  naturally 
constituted  one  of  the  fiuuiamentiil  o})jer(.s  of  physK*logit*al  inquir>'. 
The  various  views  that  have  \yeen  proposed  in  different  centuries 
reflect  more  or  less  accurately  the  atlvanrement  of  tlie  science. 
With  each  new  (hscovery  of  general  significance  a  new  fx>int  of  Nnew 
is  obtained  and  the  theories  of  the  heart  heat,  like  those  of  the  otiier 
great  problems  of  physiology',  shift  their  standpoint  from  generation 
to  generation.  The  general  niottem  conception  of  this  problem 
is  referred  usually  to  Haller  (1757).  who  first  taught  that  the 
activity  of  the  heart  is  not  tJejjendent  on  its  conne<*tions  with  the 
central  ner\'oufi  system.  As  we  shall  see,  the  heart  heat  is  controlle<l 
and  inlluence<l  constantly  by  the  central  nervous  system,  but  never- 
theless the  important  point  has  l>een  established  l>eyonil  question 
that  the  heart  contiiuies  to  beat  when  all  these  nen'ous  connections 
are  severed.  The  central  nervoas  system  regulates  the  acti^ity  of 
the  heart,  but  has  nothing  to  do  with  the  cause  of  its  rhythmical 
contractions.  The  heartr  in  other  wonLs.  is  an  automatic  organ. 
When  in  1848  Itenmk  discovered  that  nerve  cells  are  contAined  in 
the  frog's  heart  it  was  natural  that  the  causation  of  the  l)eat  should 
he  aUributed  to  this  tissue.  Subsequent  histological  work  has 
demonstrated  the  existence  of  numeroiis  nerve  cells  in  the  substance 
of  the  heart  tissue  of  alt  vertebrates,  and  the  view  that  the  au- 
tomatieity  of  the  heart  is  due  in  reality  to  the  proj^rties  of  the  , 
contained  nerve  ceils  wiu^  the  prevalent  view  throughout  tlie 
middle  and  latter  part  of  the  nineteenth  centurs*.  In  the  latter  part 
of  the  century-  an  opposite  view  arose, — namely,  that  the  muscular 
tissue  of  the  heart  itself  possesses  the  profx^rty  of  automatic 
rhythmical  contractility.  lioth  these  fjointsof  viewj^ersist  to  day. 
The  theor>*  that  refers  the  automaticit\-  of  the  heart  l>eat  to  the 
contained  nerve  cells  is  designated  as  tiie  neurogenic  tlieort-  of  the 
heart  beat;  the  one  that  refers  this  pn)perty  to  the  muscle  tissue 
itself  is  known  as  the  myogenic  theor\'.  Beyond  this  tpiestion  lies 
the  still  lieeper  problem  of  the  explanation  of  the  automaticity 
it^self.  the  cause  or  causes  of  the  rhythmical  excitation,  wliether 
occurring  primarily  in  the  muscle  cells  or  in  the  ner\T  cells. 
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The  Neurogenic  Theory  of  the  Heart  Beat. — The  literature 
upon  this  topic  is  very  large.*  The  neurogenic  theory  has  s\ifTered 
some  clianges  in  lis  (ietails  since  first  proiK>8erl  by  V'olkmann. 
particularly  in  the  specific  functions  assigned  to  the  different  ganglia 
that  exist  in  the  heart.  In  general,  however,  the  theory  assumes 
that  the  excitation  to  each  l>ettt  arises  within  the  ner\'e  cells,  and 
aince  the  canliac  cycle  begins  with  a  contraction  at  what  may  l>e 
calieil  the  venous  end  of  the  heart, — that  is,  at  the  junction  of  the 
veins  with  the  auricles, — it  is  a.ssumed  that  the  excitation  or  inner 
stimulus  arises  in  the  nerve  cells  situated  in  this  region.  These  cells 
constitute,  therefore,  what  may  be  calle<l  the  automatic  motor 
center  of  the  heart.  The  stinnili  generated  within  it  are  transmitted 
through  ita  axons  first  to  the  musculature  of  the  venous  end  of 
the  heart.  The  subsequent  onlerly  march  of  this  contraction,  to 
auricles  and  then  to  ventricles,  is  also  upon  thin  theory'  usually 
attributed  to  the  intrinsic  nerA'e  cells  and  fil>ers.  Through  a  definite 
mechanism  the  impulses  generated  in  (he  motor  center  are  trans- 
mitted to  subordinate  nerve  centers  througli  which  the  auricles  are 
excited,  and  then  to  other  ner\e  cells  lying  in  or  near  the  auriculo- 
\*entricular  groove  through  whirh  the  ventricles  are  excited.  In 
this  fonn  the  theory  assimics  for  (he  heart  an  intrinsic  central 
ner\'ous  s>*8tem,  as  it  were,  with  a  prineifjal  motor  center  in  which 
the  |)roperty  of  automaticity  Ls  chiefly  develoj>ed  auil  .subordinate 
centers  whose  activity  usually  def>ends  ujjon  the  principal  center, 
Imt  which  may  slu»w  autoijiatic  jirofiertit^s  of  a  lower  order  if  the 
connections  between  them  and  the  main  center  are  internipted. 
This  intrinsic  nervous  system  is  resp>nsible  not  only  for  the  spon- 
taneous origination  and  noniial  sequence  of  the  beat,  but  also  for 
its  co-ordination.  The  many  muscular  fil>ers  of  the  ventricle 
contract  nonnally  in  a  definite  manner  and  sequence;  .so  that  the 
effect  is  smnmated.  I'mier  abni>rrnal  conditions  the  fibers  may 
contract  irregularly,  giving  the  so-called  fibrillar  contnictions  of  the 
heart,  which  are  inco-ordinated.  It  may  lie  wud  that  this  con- 
ception of  the  connections  of  the  intrinsic  nervous  system  rests 
mainly  ujX)n  de<iuctions  from  physiological  exjjeriments.  The 
histological  details  regarding  the  connections  of  the  ner\*e  cells  in  the 
heart  are  not  yet  sufficiently  known,  but  it  can  not  be  said  at  present 
that  they  give  any  positive  support  to  such  a  view.  In  regani  to 
the  neurogenic  theory  the  following  general  statements  may  \ye  made: 

1.  Most  of  the  ver\'  numerous  facts  known  reganling  the  heart 

*  Tor  reoetit  fcenera!  prftspnlatioiiH  fmin  rtifferent  staiidpf»int»?ee<'ia.'*ken, 
article  on  "Tlie  (*oritraclion  of  Car<liac  Muscle,"  in  Sohiifer'!*  "Texl-book  of 
PJiysioliiRV,"  vol.  ii.  1900:  LanKendorff,  "  Herzmuskel  unci  intrakaniiale  In- 
rien*ation^'  in  **Erpel)niiwe  tier  Plivsiolope,"  vol.  i,  part  ii,  H>02;  and  Cyon, 
"  L'iiuier\'alion  du  ca'Ur,"  Richet^s  "  Dicllonnaire  du  Phywologie,"  vol*,  iv, 
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beat  and  its  variations  under  experimental  conditions  may  be 
explained  in  terms  of  the  theor>',  or  at  lea^t  do  not  contradict  it. 
The  same  statement,  however,  may  he  maile  regarding  the  myogenic 
theory.  Both  theories  may  l>e  ai>pliefi  successfuily  from  a  logical 
stantipoint  to  the  exphination  of  known  facta. 

2.  No  single  fact  ia  known  which  can  lie  citeti  as  positive  proof 
that  the  nerves  i)articipate  in  the  production  tif  the  normal  beat 
of  the  vertebrate  heart.  The  experiment  by  Kronecker  and  Schmey 
is  sometimes  given  this  significance.  These  ol^sen'ers  have  shown 
that,  when  a  needle  is  thnist  into  a  certain  spot  in  the  dog's 
ventricle,  the  regularly  contracting  heart  falls  suddenly  into  fibrillar 
contractions  so  far  as  the  ventricles  are  concerned.  The  ex- 
I>eriment  is  certainly  a  striking  antl  interesting  one.  The  neeciJe 
may  be  thrust  many  times  into  certain  jK>rtions  of  the  muscu- 
lar mass  without  affecting  the  jwwerful  co-ordinated  contractions, 
but  in  the  region  fii)ecified  by  Kronecker  a  single  pimcture,  if 
it  reaches  the  right  spot,  causes  the  ventricle  to  fall  into  ir- 
regular librillur  twitches  from  which  it  dotw  not  recover.  The 
spot  us  <lcs<Tibcd  by  Kronecker  is  along  the  line  r>f  the  septum  at  the 
lower  b<^irder  of  its  upper  third.  The  experiment  frequently  fails; 
and  it  would  seem  that  there  must  be  a  definite  and  qiute  circum- 
scribed stnicture  whose  lesion  pniduces  the  effect  descril>ed.  We 
have  no  evidence  as  yet  what  this  structure  is.  ami  are  therefore  in 
no  condition  to  make  positive  inferences  with  regard  to  the  l>earing 
of  the  ex|>criment  upon  the  origin  of  the  heart  beat.  Recently 
Carlson*  has  described  ex|w?riments  u|>on  the  heart  of  the  horseshoe 
crab  (Linudusl  which  st^*m  to  show  c<inciusively  that  in  this  animal 
the  rhvthmjca]  contractions  are  ilependent  ujwn  the  intrinsic  nen'e 
cells.  These  latter  are  placed  superficially,  forming  a  conl  that 
runs  the  length  of  the  tubular  heart.  When  this  cord  is  removed 
the  heart  ceases  to  beat.  There  are  reiusons,  however,  whicli  at 
present  make  it  impossiljlc  for  us  to  apply  the  residt-s  of  this  ex- 
periment t(»  the  vertebrate  heart.  The  crustacean  heart  differs 
from  the  vertebrate  heart  in  its  fundamental  proj:)erties;  unlike  the 
latter,  it  has  no  refractory  fx*riod  (.-^t^c  p.  5()4),  can  be  (etanizi*d,  and 
gives  sulunaxinial  contractions. t  It  is  a  tissue,  therefore,  that 
resembles  in  its  [jro|»erties  onlinart'  skeletal  nuiscle  in  the  verte- 
brate, and.  like  this  nuiscle,  it  seems  to  l)e  lacking  in  automaticity. 
Carlson's  exi>erimcuts  give,  however,  anotlier  instance  of  automatic 
rhythmicity  in  nerve  tissue,  and  to  that  extent  supports  the 
neurogenic  theory. 

The  Myogenic  Theory  of  the  Heart  Beat. — The  myogenic 

♦Carlson,  "American  .Itninial  f»f  Physiology."  12,  67,  and  471,  1905. 
t  Hunt,  Bookman,  aini  Tiemev,  "deutralblatt  f.  Phy»iologie,'*  U,  275, 
1897. 
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thtx)r>'  has  lieen  developed  thiefly  by  (Jaekell  and  by  Engelmann. 
It  assumes  that  the  henrt  muscle  it^self  ix>ssesises  the  ])roperty  of 
automatic  rhythniicity  and  that  this  pnjperty  is  most  highly  de- 
veJoperl  at  the  venous  end.  'rhis  portion  of  the  heart,  therefore, 
contracts  first  and  the  wave  of  contniotJon  spreads  dirertly  to  the 
niusrulutureof  the  auricle  and  thence  to  lluit  of  the  ventricie.  The 
<|Uickly  beating  venous  end  sets  the  jMice,  as  il  were,  for  the  entire 
heart.  'Ilie  nerve  cells  and  ner\'e  fibers  that  are  present  in  the  heart 
Are  upon  this  theory-  supposed  to  l>e  connectetl  with  the  extrinsic 
nerves  through  which  the  rate  ami  furr-eof  the  henrf  heat  are  regu- 
lated, but  they  are  not  cr^ncenieti  in  llie  i>nhluction  of  the  i>eat. 
Many  experimental  facti^  have  Ijeen  accumulated  whirh  give 
probability  to  this  view,  and  it  has  l>een  atlopted  ]>y  inanVr  perhaps 
mo6t.  of  the  recent  workers  in  this  field.  Some  of  the  facts  that 
favor  this  theor\*  are  as  follows: 

1.  The  anatomical  arrangement  of  the  musculature  of  the 
heart  is  nt»t  op|x>se<l  to  such  a  theor>'.  Il  was  fonnerly  stated  quite 
positix'ely  that  there  is  no  muscular  connection  l)etw(^n  the  auricles 
and  ventricles  in  the  manunalian  heart,  but  a  nunil)er  of  observers 
have  now  denionstnited  the  existence  of  a  nmscuUir  bridge,  the 
auriculoventricular  bumlle,  Ijetween  the  two  chambers  (see  p.  479). 

2.  The  fact  that  a  contraction  started  at  one  part  of  the  heart 
may  travel  to  other  portions  through  the  inter\*ening  musculature 
may  l>e  said  to  l>e  demonstrated.  Thus,  Kngelmann  lias  shown 
that  if  the  ventricle  in  the  frog's  heart  is  cut  in  a  zigzag  fashion, 
so  that  strifxs  are  obtaineil  which  are  connected  only  by  narrow 
bridges,  a  stimulation  applied  at  one  end  starts  a  wave  of  con- 
tra<*tion  which  pn>i)agate8  itself  over  all  of  the  pieces.  This  and 
similar  exj>eriments  scan^ely  permit  of  explanation  on  the  suj)posi- 
tion  that  comluction  from  piece  to  piece  is  effecte<l  by  a  defimte 
nervous  mechanism.  So  Um  it  has  l>een  shown  that  under  certain 
comiitions  the  normal  auricuUvventricular  rhythm  can  l>e  changed 
at  will  to  a  ventriculr»-auricular  rhythm.  If,  for  instance,  a  ligature 
l>e  tietl  around  the  fn»g's  heart  l>etwecn  the  sinus  venosus  and  the 
auncle  (first  ligature  of  St^nnius)  the  auricle  and  ventricle  cease 
to  l)eat.  In  this  (piiescent  condition  a  slight  mechanical  stimulus 
to  the  ventricle  causes  it  to  beiit  and  its  contraction  is  immediately 
followe<l  by  that  of  the  auricle.  Such  an  exfjeriment  makes  it 
most  probable  that  the  contraction  is  pnjjwigated  <hrectly  through 
the  muscular  connections.  It  is  not  possible  at  present  to  conceive 
that  a  definite  mechanism  of  neurons  should  work  thus  in  either 
direction. 

3.  There  is  nuich  pmbable  pnwjf  that  the  heart  nutscle  tissue 
pn^^csses  the  property  of  automatic  rhythmical  contractions.  Kx- 
periments,  initiate<l  by  Gaskell  and  since  extended  by  nimierous 
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obsen'ers.  show  that  in  the  cold-blooded  ftnimalff  strips  of  hesrt 
muscle  taken  from  various  parts  of  the  heart  will  under  ptopcr 
conditions  develop  rhythmical  contmctions.  It  is  >-¥!>'  imptobable 
that  each  of  these  strips,  no  matter  how  made,  contains  its  <wrn 
resident  nen'c  cells  to  act  as  a  motor  center.  Histokigj  does 
not  warrant  such  an  assumption,  and  we  must  heJiex'e  that  these 
results  demonstrate  an  inherent  proijerty  of  rhythmicity  in  cardiac 
muscle,  whether  or  not  this  rhytlimiciiy  is  directly  responsible  for 
the  normal  beat. 

4.  It  has  been  shown  that  in  the  embr>'o  chick  the  heart  pul- 
sates normally  l^efore  the  ner\'e  cells  have  grown  into  it,  and  it 
is  stated  that  in  the  hearts  of  a  number  of  invertebrates  no  ner\'e 
cells  can  be  found.  Much  weight  can  not  be  given,  however,  to 
negative  evidence  of  this  kind,  since,  in  the  first  place,  better 
technical  metho<ls  may  demonstrate  the  existence  of  such  cells, 
and  even  if  absent  from  the  heart  itself  it  is  conceivable  that  they 
may  be  present  in  the  surrounding  tissue  and  send  their  fibers 
to  the  heart.  It  is  evident  from  this  brief  and  imperfect  presenta- 
tion that  it  is  not  possible  to  claim  that  either  the  neurogenic  or 
the  myogenic  theorv'  is  demonstrated,  but  most  physiologists  per- 
haps at  present  l)clieve  that  the  latter  view  is  more  in  accord 
with  the  facts. 

Automaticity  of  the  Heart. — As  was  said  alwve,  the  ques- 
tion of  the  cause  or  causes  of  the  automatic  rhythmical  con- 
tractions must  l»e  sought  for  whether  the  phenomenon  tumsout  to 
be  a  property  of  the  muscular  tissue  or  of  the  ne^^'ous  tissue  of  the 
heart.  When  we  say  that  a  given  tissue  is  automatic  we  mean 
that  the  stimuli  which  excite  it  to  activity  arise  within  the  tissue 
itself,  and  are  not  brought  to  it  through  extrinsic  ner\'e8.  In  the 
heart,  therefore,  we  assume  that  a  stimulus  is  continually  Ijcing 
protlucetl.and  wespeak  of  it  as  the  mner  atinndvs.  Kxix*riment  and 
speculation  have  l)een  directed  toward  imraveling  the  nature  of 
this  inner  stimulus.  Most  of  the  physiologists  who  have  expressed 
an  opinion  upon  the  subject  have  sought  an  explanation  in  the 
conip<Jsition  of  the  bl(»fKl  or  lymph  bathing  the  heart  tissue,  or  in  the 
proilucts  of  metAlx)li.sni  of  the  tissue  itself.  According  to  this  last 
view,  each  contraction  results  in  the  formation  of  certain  products 
which  stimulate  the  muscle  to  a  new  contraction  (lAngendorff). 
Ileganiing  this  view  there  is  nothing  of  the  nature  of  direct  ex- 
perimental evidence  in  its  favor.  No  product  of  the  metabolism  of 
the  lieart  tissue  capable  of  exerting  this  stimulating  effect  has  been 
isolated.  In  regard  to  the  former  view,  that  the  inner  stimulus 
is  connected  with  a  definite  comp08iti<m  of  the  blood  or  lymph, 
there  has  Ijeen  considerable  experimental  work  which  is  of  funda- 
mental significance.     While  the  older  physiologists  paid  attention 
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mainly  to  the  organic  substances  inthebIoo<K  jthasbeen  shown  in 
recent  years  that  the  inorganic  salts  are  thpelenienUs  wh4>se influence 
uptm  the  heart  beat  is  most  striking.  These  salUs  are  in  sohition 
in  the  liquid  of  the  tissue,  and  are  therefore  i)robahIy  more  or  leas 
teonipleteiy  ionize<l.  Attention  has  Ijeen  directed  mainly  to  the 
inihience  of  the  n)etal]ic  ions,  the  cations^  of  which  three  are  es- 
pecially important, — namely,  the  sodium,  the  calcium,  and  the 
IxituAvium. 

The  Action  of  the  Calcium,  Potassium,  and  Sodiiun  Ions  in 
the  Blood  and  Lymph. — It  huA  loufi;  l>een  known  that  the  heart 
of  a  frog  or  temipin  nia\*  K>e  kept  beating  normally  for  hours  after 
removal  from  the  body,  provided  it  is  supplied  with  an  artificial 
circulation  of  blood  or  lymph,  so  an*anged  that  this  licjuid  enters 
the  heart  through  the  veins  from  a  reservoir  of  some  sort  and  is 
pumfjed  out  through  the  arteries  leading  from  the  ventricle.  It 
was  first  shown  by  Merunowicz,  working  under  Ludwig's  direction, 
that  an  aqueous  extract  of  the  ash  of  the  blood  posse-sses  a  similar 
action. 

Ringer  afterwards  proved  that  the  frog's  heart  can  l>e  kept 
beating  for  long  pericwls  upon  a  mixtur(_*  of  stxlium  rhlorid,  potassium 
ehlorid,  and  calcium  phfwphate  or  rldoriii^  and  he  laitl  especial 
upon  the  imi)ortance  of  the  calcium.  This  work  was  after- 
fwarris  confirmed  and  extended  hy  Huwell,  Loeb,  and  others,  who 
ttemptetl  to  analyze  the  part  played  by  the  seveml  ions.*  If 
I  bog's  or  terrapin's  heart  is  fed  with  a  solution  of  pliysiological 
lline  (NaCI,  0.7  per  cent.)  it  l>eats  well  for  a  while,  but  the 
&ta  Boon  weaken  and  gradually  fade  out.  If  in  this  condition 
the  heart  is  fed  with  a  proper  mixture  of  sodium,  potassium, 
and  calcium  chlorids  it  l>eats  vigorously  and  well  for  very'  many 
baun.  A  solution  containing  these  three  salts  in  proper  propor- 
tions is  known  usually  as  Ringer's  mixture.  The  exact  com- 
position lias  Ijeen  varied  by  different  workers,  but  for  the  heart 
of  the  frog  or  terrapin  the  following  composition  is  most  effective: 


NhCI 

. , , . , =   0-7      per  t-ent. 

=0.03     *'       ** 

CuCl 

.    =   0.025   '•       '• 

The  addition  of  a  trace  of  alkali,   HXaCX"),,  <).(K13  per  cent., 

often  increases  the  effectiveness  of  the  solution,  but  it  can  not  be 

considered  an  essential  constituent  in  the  same  sense  as  sodium, 

.potassium,  and  calcium.     It  has  l>een  shown,  moreover,  that  even 

'the  mammalian  heart  can  be  kept  I)eating  for  long  periods  when 

fed  with  a  Ringer  solution  if  provision  is  made  for  a  larger  supply 

.\merican  Jouraal  of  Ph>'9- 


♦  For  lileratiire  and  iliscti^sion  ?*ee  Howell, 
lology."  2.  47,  lHn8,  and  (I.  181.  19U1. 
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of  ox>'gen  than  can  be  carried  in  simple  physical  solution  in  the 
liquid.  For  the  irrigation  of  the  isolated  mammalian  heart  different 
forms  of  Ringer's  solution  have  l>een  employed,  but  the  mixture 
most  frequently  used  is  that  recommended  by  Ixjcke,  consisting 
of  NaCI.  0.9  per  cent.;  CaCl,,  0.024  per  cent.:  KCl.  0.(M2  per 
cent.;  NuHCOa.  0.01  to  0.(Ki  jier  t-eut.;  and  i^Iuconc.  0.1  |jer  cent. 
The  .solution  is  fed  to  the  heart  unJer  an  atm(»sphere  of  rixygen. 
and  with  lliis  .'^lutiori  Locke  and  others  have  kept  the  mammalian 
heart  heating  for  many  hours.  The  glucose,  while  not  essential 
tn  (he  actiiin  of  the  irrigating  liquid,  is  said  to  increase  its  efficiency. 
The  general  fact  that  comes  out  of  these  experiments  is  that  the 
heart  can  beat  for  very  long  jieriods  upon  what  has  been  called 
an  inorganic  diet.  Moreover,  the  salts  that  are  used  can  not  be 
chosen  at  random;  it  is  necessar\'  to  have  salts  of  the  three  metals 
named,  and  siihstitiilion  is  jxissihie  only  to  a  very  limited  extent. 
Thus,  strontium  salts  may  rcjilace  those  of  calcium  more  or  less 
jierfectly. 

It  is  evident  that  these  s;dts  play  some  ver>*  important  part 
in  the  f^nxluction  of  the  rhytliinicaJ  l>eat  of  tlie  heart  ;  and  analysis 
has  shf>vvn  that  the  sodium,  calcium,  anri  jx»tassium  has  each 
its  specific  role.  We  may  say  that  the  presence  of  these  salts 
in  normal  proportions  is  an  absolute  neee-ssity  for  heart  actixity. 
A  striking  experiment  showing  the  ImfKjrtance  of  the  calcium  ion 
is  that  of  irrigating  a  terrapin's  heart  with  blood  from  which  the 
calcium  has  been  removed  by  precipitation  with  sodium  oxalate. 
In  spite  of  the  fact  that  all  other  constituents  of  the  blood  are 
present  the  heart  ceases  to  beat,  and  normal  contractions  can  be 
started  again  r>romptly  by  adding  calcitun  chlorid  in  right  amoimts 
to  the  oxalalcil  IjUkkI.  Reganling  the  s|>e('ific  part  taken  by  each 
of  the  cations  in  the  production  of  thealteniate  contractions  and 
relaxations,  much  di%ersity  of  opinion  exists,  owing  to  r)ur  ignorance 
of  the  chemical  changes  going  on  in  the  heart  during  systole  and 
diastr>le  and  to  the  <lifTiciilty  of  controlling  experimental  conditions. 
Tims,  while  it  is  an  ea.^y  matter  to  control  accurately  the  coni- 
yiosition  of  the  Ucmids  supplied  to  the  heart,  a  variable  and  uncon- 
troljjihie  factor  is  introduced  by  the  fact  that  \%-ithin  the  tissue 
elements  themselves  there  is  a  store  of  combined  calcium,  potassium, 
ami  s^Mlinm  which  may  serve  to  supply  these  elements  to  a  greater 
or  less  extent  to  the  tissue  Fujuids. 

The  controversial  details  upon  this  question  can  not  be  presentetl 
in  an  elementary-  bmok.  but  the  following  brief  statements  may 
he  nm<le  regarding  one  view  of  the  sj^ecific  effects  of  the  separate 
cations:  (1)  The  sodium  salts  in  the  bhKMl  and  lymph  take  the 
chief  part  in  the  maintenance  of  normal  osmotic  pressure.  The 
sodium  chlorid  exists  in  blood-plasma  to  the  extent  of  0,5  to  0.6 
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per  cent.,  and  the  normal  osmotic  pressure  of  the  blood  is  mainly 
Ldependent  upon  it.     A  sokition  of  sodium  ohlorid  of  0.7  to  0.9  per 
loent.  foniw  what  is  known  as  physiological  saline,  and  althovigh 
Ibot  adequate  to  maintain  the  normal  composition  and  properties 
'  of  the  tissues  it  fulfills  ihis  punx^>se  more  perfectly  than  the  solution 
of  any  other  Hingle  substance.     The  sodium  ions  have  in  addition 
a  sf)eoihc  influence  \ijkj»  the  state  of  the  hearl  tissue.  Contractility 
and   irritability  disappear  when  they  are  absent ;  when  present  alone 
in  physiological  concentration  in  the  medium  bathing  the  heart  mus- 
Lcles  ihey  produce  relaxation  of  the  muscle  tissue.     (2)  The  calcium 
I  ions  are  present  in  relatively  very  small  ijuaiitiiies  in  thehltMHl,  but 
[they  also  are  absolutely  ncccssiiry  to  roiitrnctility  ami  irritability. 
W'heii  present  in  cjuantities  above  normal  or  when  in  a  propor- 
tional excess  over  the  s^idium  or  iK>tassium  ions  they  cause  a  con- 
dition of  tonic  contraclion  that  has  been  designated  as  calcium 
rigor.     (3)  The  potassium  ions  are  present  also  in  verA*  small  quan- 
tities, and,  unlike  the  calcium  and  sodium  ions,  llieir  presence  in 
the  circulating  liquid  does  not  seem  t-o  be  absolutely  neeessar>'  to 
llhythmical  activity,     rn<ler  prop<T  conditions  a  terrapin's  heart 
[beats  well  for  a  time  uj>on  a  solution  conlaininjj  4)nly  sfwliuni  and 
alciurn  salts.    The  potassium  seems  to  promote  relaxation  of  the 
hntiscle  and  in  physiological  doses  it  exercises  through  this  effect 
•  r^dating  influence  upcju  the  rate  of  beat.     When  the  pro|)ortion 
4^  pota>^iiun  ions  is  increased   the   heart    rate   is   pn)fx»rlinnully 
[9]oF^\^e«l.  and  finally   the  contractions  cease  altogether,   the  heart  . 
Incoming  to  rest  in  a  st-ate  of  extreme  relaxation,  known  sometimes 
potassium  inhibition.     (4)    It  appears  from  these  statements 
fihat  there  is  a  well-marked  antagonism  i>etween  the  efTect.n  of  the 
|*ealciiun.  on  the  one  hand,  and  the  jwtassium  and  sodium,  on  the 
»ther.    Tlie  calcium  promotes  a  state  of  contraction,  the  sodium 
ind  the  potassium  a  state  of  relaxation.     It  is  conceivable,  there- 
Ifore.  that  the  alternate  states  of  contraction  and  relaxation  which 
characterize  the  rhythmical  action  of  heart   muscle  are  connected 
with  an  interaction  of  an  alternating  kind  between  these  ions  and 
the  living  contractile  substance  of  the  heart. 

Connection  of  the  Inorganic  Salts  with  the  Causation  of  the 
Beat. —  It  is  imjjossible  to  say  positively  whether  or  not  the 
inorganic  salts  are  directly  connected  with  the  cause  of  the  l)eat. 
— lliat  is.  with  the  origination  of  the  inner  stimulus.  According 
to  one  point  of  view,  they  are  necessary'  only  to  the  irritability 
and  contractility  of  the  heart  tissue.  The  inner  stimulus  is  pro- 
ducer] othemise  by  some  unknown  reaction,  but  it  is  not  able 
to  cause  a  contractirm  (»f  the  heart  muscle  in  the  absence  of  the 
proper  inorganic  salts.  According  to  another  view,  the  reaction 
of  these  ions  with  the  living  substance  constitutes  the  inner  stimulus. 
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and  from  this  standpoint  the  lieart  is  kept  beating  by  thealtemating 
infiuence  of  the  calcium  and  stxliurn  and  jx)tai«ium  ions. 

Physiological  Properties  of  Cardiac  Muscle. — Cardiac  muscle 
exhibits  certain  properties  which  distinguish  it  sharply  from  skeletal 
muscular  tissue  and  which  have  a  direct  bearing  upon  the  rhyth- 
midty  of  the  contractions  and  the  sequence  shown  by  the  different 
chambers.  The  most  characteristic  of  these  properties  are  the 
following: 

1.  The  contractions  of  hcori  muscle  arc  always  viaximoL  In 
skeletal  muscle  and  in  plain  muscle  the  extent  of  contraction  is 
related  to  the  strength  of  the  stimulus,  and  we  recognize  the  exis- 
tence of  a  series  of  submaximal  contractions  of  var>'iniG:  heights. 
This  is  not  true  of  heart  muscle.  As  was  first  shown  by  liow- 
ditcli,  a  piece  of  ventricular  muscle  when  stimulated  responds,  if 
it  responds  at  all,  with  a  maximal  contraction.  The  apex  of  a 
frog^s  heart  does  not  beat  spontaneously,  but  contracts  upon 
electrical  stimulafion.  If  such  an  apex  is  connected  with  a  lever 
to  register  its  contractions,  and  the  electrical  stimulus  ai)plied  to 
it  is  gradually  increased,  the  first  co!itraction  to  appear  is  maxi- 
mal, and  it  is  not  further  increased  by  augmenting  the  stimulus. 
This  pro|X^rtY  is  sometimes  described  by  saying  (Ranvier)  that 
tlie  contraction  of  the  heart  muscle  is  all  or  none.  This  fact 
must  not.  however.  l->e  interpreted  to  mean  that  the  force  of 
contraction  of  heart  muscle  is  invariable  under  all  conditions. 
Such  is  not  the  caae.  The  hfiirt  muscle  under  favorable  nutritiN'e 
conditions  may  give  a  much  larger  and  more  forcible  contraction 
than  is  possible  under  conditions  of  poor  nutrition;  but  the  iX)int 
is,  that,  whatever  may  be  the  condition  of  the  muscle  at  any 
given  moment,  its  contraction  in  resp^inse  to  artificial  stimulation 
is  maximal  for  that  condition, — that  is,  does  not  var\*  with  the 
strength  of  the  stimulus.  As  was  said  alK)ve,  this  property  is  not 
exhibited  by  the  cnistacean  (lobster)  heart,  but  has  l>een  shown 
to  be  true  for  the  mammalian  heart  muscle.* 

2.  The  rejractorif  pfTwd  of  the  beat.  It  was  shown  by  Marey  t  that 
the  heart  muscle  Ls  irritable  to  artificial  (electrical)  stimuli  only 
during  the  period  of  diastole.  During  the  period  ofs>^stole  an  elec- 
trical stimulus  has  no  effect;  during  the  period  of  diastole  such  a 
stimulus  calls  forth  an  extm  contraction  and  the  latent  perio<l 
preceding  the  extra  contraction  is  shorter  the  later  the  stimulus  is 
aj)plied  in  the  diastolic  jihase.  This  relationship  is  well  shown  by 
Marey's  cur\'es  reproduced  in  Fig.  309.  The  period  of  inexcitability 
is  designate<l  as  the  refractory  period  of  the  heart  beat.     Marey 

♦  For  experiments  on  mammalian  heart  and  literature,  see  Woodworth, 
".Ameriran  Jnunial  of  Pljvsiolopv."  8.  213.  1903. 
t  Marey,  "Travaux  du  lahomtoire,"  1876,  p.  73. 
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defined  this  refractory  period  as  falling  within  the  first  part  of  the 
5\sto!e,  and  8tate<l  that  its  dumtion  varies  with  the  actual  strength 
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fW  300. — To  tthow  thi>  eflrct  iif  b  Abort  electric^]  sliniulu^  applied  at  (titToretit  timm 
tn  the  nihirt  b«t  —(Marru)  Thr  ivconi  w  lak*n  frrmi  the  frttf'*  niart.  In  I.  2.  hiul  3  the 
rtimula*>  i<>  (alia  into  th«  bean  ilurins  •^yntitli'  (rpfrHrtury  period)  and  baa  no  effect.  In 
4.  %.  e.  7.  and  8  the  »Itimlllll^  fall*  into  thr  heart  lowan!  the  end  of  ayvtole  or  durine  diastole, 
ukI  i-  fMllow^i  hy  an  extra  svitttile  anil  c<>rrp.-«iK>n<liiiK  co-npenaatwy  iwuae.  It  wUI  be 
Dotmi  that  the  lati»nf  [Tmil  (traded  area)  between  the  rtimulus  and  the  extra  •ystole  Ui 
ahorter  the  lonjtcr  the  diafftule  had  pr\»ceeded  before  the  ?linmJu<  is  applie«l. 
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of  the  stininlus.  I>ater  exporimentfl  by  other  investigators  nmke 
it  probable  thai  the  refracton*  jieriod  lasts  during  the  entire  systole.* 
According  to  this  point  of  view,  therefore,  the  heart  nuiscle  during 
its  whole  period  of  actual  contraction  is  entirely  unirritable,  and  in 
this  respect  it  offers  a  striking  difference  to  skeletal  and  plain  muscle. 
The  existence  of  this  refracton'  period  explains  why  the  heart 
muscle  can  not  be  thrown  into  tetanic  contractions  by  rapiilly 
rei)eateil  stimuli.  Since  each  contraction  is  accompanied  by  a 
condition  of  loss  of  irritability,  it  is  obvious  that  those  stimuli  that 
fall  into  the  heart  during  this  i^eritMl  must  prove  ineffective.  The 
refractor^''  period  and  the  gradual  increase  in  irritability  during  the 
diastole  throw  sonio  li*rht  also  itii  the  rhythmical  character  of  the 
l>eat.  Assuming  that  tlie  inner  .stimuhis  is  a  constantly  acting 
stimulus,  its  effect  must  ne<'essarily  l»e  to  jiroiluce  rhythmical 
contractions  if  the  heart  muscle  at  each  contraction  falls  into  a 
condition  of  non-excitability  from  which  it  recovers  only  gradually. 
(  Ui  the  other  hand,  if  the  production  of  the  inner  stinudus  is  rhyth- 
mk'iil.  as  is  suggested  in  the  preceding  imragraph,  the  relatively  slow 
development  of  irritalnlity  after  a  contraction  must  influence  the 
actual  rhythm  of  the  heart  l>eat.  The  f>ccurrence  of  the  refractorv 
period  and  the  subsequent  gradual  return  of  irritAbiJity  are  p<»n- 
nected  no  doubt  with  the  metabolic  changes  taking  (>lacG  in  the 
heart  muscle.  It  is  in  the  character  of  this  metabolism  that  we 
must  seek  for  the  final  explanation  of  these  two  phenomena  and  the 
cause  of  ifie  rhythniiclty  of  the  contractions.  As  was  stated  aliove, 
it  has  been  shown  that  the  crustacean  (lobster)  heart  does  not  obey 
the  alln^ir-none  law.  sfiows  no  refracton*  [period,  and  is  capable  of 
giving  tetanic  contractions  when  ra[)idly  stimulated.  In  all  these 
respects  it  differs  from  the  typical  heart  muscle  of  the  vertebrate, 
but  the  difference  is  j^erhafjKs  sufficiently  explained  by  the  discovery* 
(p.  498j  that  the  cnistaccan  heart,  in  one  form  at  lea»st,  is  not  an 
automatically  rhythniical  tissue.  Its  rhythmical  contractions,  hke 
those  of  the  diaphragmatic  muscle  in  the  higher  vertebrates,  depend 
upon  rhythmical  impulses  received  fnmi  nerve  centers. 


The  Compensatory  Pause. — It  has  Ijeeii  olxserved  that  wheii  an  extra 
svstole  is  nnnluceil  by  >*tiinulatinK  a  ventricle  it  is  fnllowetl  by  a  pause  Inrijrer 
than  usuiii;  the  paU"<e,  in  fuel,  if*  of  such  a  length  iis  to  cnin)>ensale  exactly 
for  the  evtra  l)eat ;  to  that  the  total  rate  r*f  l»eat  remaias  the  Kaiiie.  Tlie  pro- 
longed |>ause  iiniler  these  oontlitioos  is  therefore  frequently  desif^mted  as  the 
compensatory  paujse.  It  hits  been  sluHvri.t  however,  that  the  exact  cornijen- 
sation  in  this  ca(*e  is  not  refenihte  to  a  pni|>erty  *»f  heart  nius<!e,  but  \»  due  to 
the  dependence  of  the  ventricuhir  upon  tlie  auricular  t)eat.  When  the  auricle 
or  ventricle  is  iHolatcil  and  sliniulated  the  phenomenon  b*  not  obKervel.  In 
an  entire  heart,  on  the  contrary,  the  l>ejit  oripnates  at  the  venou>  end  of  the 
auricle  and  is  propagated  to  the  ventricle.     If  tlie  latter  chamber  i^  stiniu- 

*  See  paiwr  hv  Woodworth,  lt»r.  rit. 

tCushny  and"  Matthews,  "Journal  of  Physiology."  21,  227,  IS97. 
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ktod  90  as  to  give  an  extru  beat  out  of  sequence  it  wUl  reitiuin  in  di&stole  initil 
the  next  auricular  b^l  ^imulat«^  it,  and  wilt  tliu.s  pick  up  tlie  regular  >e- 
«|UMu-«  of  the  heart  itent. 

The  Normal  Sequence  of  the  Heart  Beat.— The  normal 
rhythm  of  the  hciirt  l>eat  is  first  a  poiitrnctit»n  r)f  tlie  auricles,  then 
ora*  of  the  ventricles,  or  rather  first  the  inouth.s  of  the  great  veins, 
then  auricle  and  ventricle.  Tl)!?!  .Heipience  from  venous  to  arterial 
nu\  is  t>eaut if ully  shown  in  the  fn»g*3  heart,  in  which  the  contraction 
tiegins  in  the  sinus  venosas,  spreads  to  the  auricles,  tlience  t-o  the 
ventricle,  and  finally  to  the  hulbus  arteriosus.  Tnder  nnnnai 
conditions  this  se<.|uence  is  never  reverst^l.  and  an  explanation  of 
the  natural  onler  forms  obviously  an  important  jjart  of  any  coni|)lete 
th«t>r>'  of  the  heart  l>eat.  Those  who  hold  t^i  the  neunigenic  tlieiiry 
naturully  explain  the  sefjuence  of  the  heat  hy  reference  to  the 
intrinsic  nervous  ap|)aratus.  If  the  motor  pxn^lia  lie  toward  the 
vcnotis  end  of  the  heart  one  can  imagine  that  their  discharges  may 
affect  the  different  chambers  h\  sequence,  the  piiuse  I>etween 
auricular  and  ventricular  contraction  l>ein^  due.  let  us  say.  to  the 
fart  t^iat  the  motor  impulses  to  the  ventricle  have  to  act  through 
■«ut>orthnate  nerve  cells  in  the  aurindt^-ventricular  rx-^ion,  and  the 
time  necessary  for  thLs  action  brings  the  veatrir-ular  contraction 
-a  certain  int<>rval  later  than  that  of  the  auricle.  There  is  no 
imn>ediate  pnH»f  or  dispr(K»f  of  such  a  view.  The  numerous  exper- 
inientvS  made  ii\nm  the  rapidity  of  conduction  of  the  wave  of 
-contraction  over  the  heart  are  not  conclusive  either  for  or  against 
the  view.  The  fact,  however,  that  in  the  (juiescent  but  still  irritable 
heart  the  rhythm  may  Ix*  reversed  by  artificially  stiniulating  the 
ventricle  first  seems  to  the  author  to  si>eak  strongly  against  the 
<iej)cndence  of  the  eet|uence  uiH»n  any  definite  amingement  of 
neuron  complexes.  On  the  myogenic  theory  the  8et|uence  of  the 
\whtX  l>eal  is  accounted  for  readily  by  relatively  simple  assumptions, 
iiaskell  and  Kngolniann  have  each  laid  emphasis  u|>on  the  fact^  in 
this  e<»niie<'fioo,  and  the  application  of  the  myogenic  theon'  to  the 
explanation  of  the  normal  sequence  of  contractions  forms  one  of  its 
moNt  attractive  features.  Gaskell  assiunes*  that  the  rhythmical 
power  of  the  muscle  at  the  vcnotis  end  is  greater  than  that  at  the 
vejitricular  end, — that  is,  if  pieces  from  the  two  ends  are  examined 
scjjarately  it  will  l>e  fountl  that  the  sj^ontaneous  rhythm  of  the 
tissue  from  the  venous  end  is  more  rapid.  This  jjortion  of  the 
lieart,  thert^fore,  l)eating  more  rapidly,  sets  the  rhythm  for  the 
whole  or>;an.  since  a  contraction  started  at  the  venous  end  will 
pn>[iagate  itself  fnmi  chaml»er  to  chaml>er.  The  pause  l>etween  the 
eontraotions    of    the    successive    chambers — between  auricle   and 

*  i^A^kell.  "Joiinml  (if  Pliv^ologv,"  4.  61,  1883;   also  vol.  ii,  |>.  180,  nf 
dduifer'si  "Text-book  of  IMiyMoIi.Kj',"  IIKK). 
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ventricle,  for  instance — is  due,  in  the  heart  of  the  tortoise,  to  the 
fact  that  the  muscular  tissue  at  the  junction  of  auricle  and  ventricle 
has  a  relatively  low  rate  of  comluction.  At  this  point,  indeed, 
the  muscular  fil>ers  form  a  ring  around  the  orifice,  preserving, 
therefore,  the  arrangement  found  in  the  embryo  at  the  time  that 
the  heart  has  the  form  of  a  tube.  Gaskell  has  given  reasons  for 
l)elieving  that  the  conduction  of  the  wave  of  contraction  is  slower 
through  tiiis  ring.  In  the  iimnimalian  heart  the  direct  conduction 
of  the  wave  of  contraction  from  auricle  to  ventricle  through  intcrv'en- 
ing  muscular  tissue  is  made  quite  i>ossil)le,  since  so  many  indepen- 
dent observers  have  established  the  existence  of  a  connecting 
bundle  (p.  471)).  If  with  Gjvskell  we  aasume  tliat  the  conduction 
through  this  hun<lle  is  slower  than  it  is  over  the  surface  of  the  auricle 
or  ventricle,  then  the  jjause  between  auricular  and  ventricular 
systole  is  sufiicienti y  explained.  That  eiich  chamljer  of  the  heart  has 
a  rhythm  of  its  own  and  that  the  rhythm  of  the  venous  end  is  the 
more  rapid  and  coastilut^^  the  rhythm  of  the  intact  heiirt  has  been 
shown  in  various  ways  upon  the  hearts  of  different  animals.  Thus, 
Tigcrstedt  has  devised  an  iuHtruitient,  the  atriotorae,*  by  means  of 
which  the  connections  between  auricle  and  ventricle  may  be 
crushed  without  hemorrliage.  I'mlerauch  conditions  the  ventricle 
continues  to  beiit,  but  with  a  much  slower  rhytlmi  ami  with  a 
rhythm  entirely  independent  of  that  of  the  auricles.  The  same  re- 
sult has  been  obtained  recently  in  a  very  striking;  way  by  Erianger. 
This  observer  arranged  a  clamp  by  means  of  which  he  could  com- 
press the  small  bundle  of  fiijcrs  connecting  auricle  and  ventricle. 
When  the  compression  is  made  the  ventricle,  after  an  inter\'al. 
exhibits  a  slower  rhythm  anil  one  entirely  independent  of  that  of 
the  auricles.  When  the  compression  is  removed  the  ventricle  falls 
in  again  with  the  auricular  rhythm.  By  variations  in  the  pressure 
upon  tixe  bundle  intermediate  conditions  may  I>e  obtaine<l  in  which 
the  "block"  l>etween  auricle  and  ventricle  is  only  partial  and  in 
which,  therefore,  the  ventricular  systole  follows  regularly  ever>' 
second  or  third  auricular  contraction.  When  the  "block"  is  com- 
j>lete  the  ventricular  rhythm  ceases  to  have  any  definite  relation- 
ship U)  that  of  the  auricle,  it  beats  entirely  indepemiently  and  its 
rate  is  slower  than  that  of  the  auricle.  It  is  interesting  to  rememl^r 
that  cases  of  complete,  or  partial  heart  block  occur  in  man.  In 
the  condition  known  as  the  Stokes-Adams  syndrome  the  striking 
feature  in  addition  to  attacks  of  syncojx*  is  a  j:)ermanently  slowed 
pulse,  the  heart-  beat  falhng  to  30  or  20  beats  per  minute  or  lower. 
Erianger  has  shown  that  in  such  cases  there  may  be  complete  or 
partial  heart  block.  In  the  former  condition  the  rhythm  of  the 
ventricle  is  entirely  independent  of  that  of  the  auricle  and  of  course 
♦See  "Lehrburh  der  Physiolnpe  des  Kreislaufes,"  1893. 
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much  alower.  The  ventricles  may  be  beating  at  27  per  minute  and 
the  auriclps  at  {H).  In  i>artial  block  the  ratio  between  the  ventric- 
ular and  auricular  rate  is  <lefinite,  ever>'  second  or  lliird  auriculnr 
beat  being  followe<l  by  a  ventricular  systole  (see  Fig.  210).  The 
legion  prtHiucinm  this  condition  has  not  yet  been  detennined.* 

In  the  hearts  uf  the  culd-hloiHlc-d  aniniub  the  siiitie  general 
resulta  are  readily  obtained  when  the  (issue  In'tween  the  different 
chambers  is  conipressetl  or  destroyed.  In  the  frog's  lieart,  for 
instaoce,  if  one  ties  a  ligjiture  (first  ligature  of  StanniusJ  between 
the  sinus  venosus  and  the  auricle,  the  auricle  and  ventricle  ceaae 
Itearing  while  the  sinus  continues  pulsating  with  its  normal  rhythm.- 
Ijkter  the  auricle  and  ventricle  niay  commence  heating  again,  but 
if  this  hapjiens  their  rhythm  is  slower  than  tliat  of  the  sinus  and 
indejiendent  of  it.  So  in  the  terrapin's  heart,  in  which  the  sequence 
of  best  is  so  beautifully  exhibited,  if  one  ties  a  ligature  l)etween 
auricle  and  ventricle,  or  cuts-  oiT  tlie  ventricle  enrirely.  the  sinus 
venoeiis  and  auricle  continue  l>eating  at  their  normal  rhythm,  while 


*FiB.  210. — *.»niif«rmm  from  n  ciuw  of  SUike«-A(Umn  tJisMLM.  J»owm«  twt.auricuijir  bcatA 
(U  3)  to  cMcfa  vctitnrular  bejit       {Briamger.)     The  time-reoord  m«rkL«  nft)i«  uf  a  M^cond. 

the  ventricle  remains  entire!^'  quiescent  so  long  as  normal  blood 
Bows  through  it.  It  woidd  seem  from  these  facts  that  in  the  mam- 
malian heart  the  ventricle  when  dis*-onnected  from  the  auricle  is 
capable  of  maintaining  a  fairly  rapid  rhythm  of  its  own.  At  the 
other  extreme,  the  terrapin's  ventricle  when  similarh  treati^l  shows 
00  spontaneous  l>eats  at  all.  These  and  nwiny  (jthcr  facts  that 
might  be  quote<l  support  well  the  general  view  pn)jK>sed  by  (JaskelU 
that  the  venous  emi  of  the  heart  jx>sse8ses  the  greater  rhythmical 
power  and  starts  the  heart  lieat,  and  that  the  wave  of  contraction 
is  pro|)agated  from  chamber  to  chamber  through  the  muscular 
substance. 


Tlierf  renukin^  a  rle^ner  quesition  as  to  what  occn.'*ionfl  this  greater  rhyth- 
niirity  at  the  vetioa**  eiid. — a  question  that  is,  of  roun<e,  lx>inid  up  with  the 
pro)>lem  of  the  iiltiiimte  cause  nr  ronditions  of  flutoiiintir  rhythmicity.  In 
<«mnertion  with  thi-  latter  prohleni  the  absohitc  ii(vc-wiiy  of  the  pre!»enre  of 
ecrlAin  inoreanic  )*n\U  in  certain  pmiiortions  ha.s  hwMi  empha'^izeth  In  thi« 
\e  Keneral  Hne  the  author  Iihm  rnlleci  attention  to  the  fact  that  in  the  ler- 
iii  tliC  aiiHMint  of  f>otiiA*tiuni  >alu  present  in  the  hloo*!  explains  in  itself 
the  sinu-s  M?t>  (he  heart  rate.      In  bIoo«l,  or   in  RingerN  solution  con- 

♦See  Kriangcr.  "Centralblutt  f.  Physiologic,'*  19,  I.  1905. 
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taining  iMttassiiun  .-^alts  in  the  same  amounts  as  blooil,  the  ventricular  muscle 
IK  not  uutoinalically  roiitraflile;  the  }*inus  end  of  the  heart,  on  the  toutr»rj* 
beau  well  iii  wut-h  tnetiia,  wliilc  :iri  irnrease  in  the  polaswiuni  t-ontent*  «t11 
briup  it  to  rest  also.  In  this  uiiiriial,  therefore,  the  auunnit  of  iiotai^iutn  in 
the  bloixl  i.-^  .ho  mhinte<l  that  it  holiis  the  veniricnlar  end  entirely  <|Uies4*eiit. 
hi  the  mjiiinnaltaii  'te:irt  it  may  l>e  a-ssunicii  that  t\w  anmunt  of  |>ota&<iuiii  U 
suthcient  to  keep  the  sponlaiie<His  rhythm  i}f  the  ventricle  sh>wer  than  that 
of  the  iiurirtes  or  veins,  and  therefore  suhordinatesi  the  rhythm  ui  ihe  wliole 
lieart  to  lliat  of  the  venous  end.  In  the  terrupiu'h  lieart,  at  lcik-*t,  the  re- 
moval or  reduction  of  tJte  potassium  or  tlie  increase  of  the  calcium  tnav  lead 
to  an  itnle|>endent  ventricular  rhythm  — (hel>eat  of  the  heart  l>e<*ome(»arhytb- 
mirul.* 


The  Tonicity  of  the  Heart  Muscle.— In  describing  the  phys- 
iology of  skeletal  arid  |jlaiii  luiiscle  attention  was  callcnl  to  their 
proi>erty  4if  tonifity*— that  jtroperty  by  mcuns  of  which  they  remain 
in  a  more  or  less  ]x^rniaiien(  although  variable  eomlition  of  CdU- 
tractioii.  So  far  ns  the  skeletal  muscles  are  concerned,  this  con- 
dition is  dej^endent  upon  their  connections  with  the  nervous  systeju. 
Cut  the  motor  nerve,  or  destroy  tlie  motor  center,  and  the  muscle 
loses  it^  tone,  -  i>efornes  completely  relaxed.  Tonicity  or  tonic 
activity  is  therefore  characteristi<'  of  tlie  motor  nerve  centers,  anil 
is  due,  no  doubt,  to  a  more  or  less  continuous  inflow  of  scnson* 
impidses  into  those  centers.  The  tonus  of  the  nerve  centers  Ls  a 
reflex  tonus.  In  the  plain  inuscle  (he  cnn<lition  of  t-omis  is  also 
marked.  The  hlo(ni-ve^ssels.  the  lilathler,  llie  various  viscera  are 
rarely,  if  ever,  entirely  relaxetl  for  any  length  of  time.  'I'his  tonus 
is  also  de|>endent,  in  many  cases,  upon  a  constant  innervation 
through  the  motor  nerves,  hut  after  these  latter  have  been  destroyed 
the  plain  muscle  still  shows  this  pro])erty  of  tonicity.  So  in  the 
heart  muscle  tlie  power  to  maintain  a  certain  de^^ree  of  contraction, 
a  certain  state  of  muscle  tension  quite  indepemlently  of  the  shar|> 
systolic  contractions,  is  very  c!iaracteristic.  At  the  end  of  a  normal 
diastole,  for  example,  the  ventricle  is  not  entirely  relaxed,  it  retains 
a  cert^'iin  arnoimt  of  tonicity  as  compared  with  its  eondifiou  when 
inhibited  throtigh  the  vagus  nerve  or  when  dea<i.  The  degree  of 
this  tonicity  determines,  of  course,  the  size  of  the  ventricular 
cavity  an<l  l!ie  extent  of  the  charge  tt  will  take  from  the  aiiricles. 
Like  the  property  of  rhythmicity,  that  of  tonicity  Ls  most  deveh>|>ed 
at  the  venous  f*iv\  of  the  heart.  At  least  this  is  the  case  with  the 
heart  of  the  cohl-blooded  animals  ufxin  which  this  pro|«rty  has 
l>een  studied  most  carefully-  The  ventricle  of  the  terrapin,  or 
strips  excised  from  the  ventricle  and  suspendp<l  stj  that  their  move- 
ments can  l)e  recorded,  often  var>-  greatly  in  length  with  differences 
in  conilition.  These  variations  are  due  to  changes  in  tone.  Xot 
infrei|uently  these  changes  take  on  a  rhj'thmical  character:  so 
that  if  the  ventricle  is  heating  one  sees  upon  the  record  regidar 

♦  See  Howell,  "  American  Journal  of  Physiolng^',"  2,  47,  1S9S. 
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tone  waves,  an  alternate  slow  shortening  and  slow  relaxation  quite 
inclepen<^ient  of  the  rhythmical  l>eats.  The  tissue  of  the  auricle  anti 
espeeially  of  the  sinus  venoeus  exliibits  this  property  to  a  much 
more  marked  extent  (see  Fig.  211).  The  tone.— thai  is,  the  length 
of  the  piece, — if  in  strifx**,  or  the  caimcity  of  the  chamber,  if  used 
entire^  La  continually  changing  anci  oftentimes  in  a  rhythmical 
way.  Fano*  has  made  a  8|>ocial  study  <jf  this  pn>fierty  and  has 
sugge6te<l  that  the  tone  cJiangea  or  contractions  may  Im?  due  to 
the  acti\ity  of  a  substance  in  the  heart  different  from  that  which 
meiiiates  the  onlinan*  contractions.  Rolazzif  suggests  that,  while 
the  usual  sharp  systolic  contraction  is  due  to  the  cross-tit riated 
(anisotropous)  substanee,  the  slower  tone  changes  may   be  due 


I. 

^^^^■Ip^rthe  linuf*  i^eofvttf'  (terrmpin's  heart)  KOspeDtied  in  n  Iwih  ot  blood-Mrum.  In  uddl- 
IIbii  t«>  Ibe  xhiirp  con<nclions  marked  by  the  luiee  th«i«  arr  Irmxer,  wave-like  .«bortenins» 
ud  TvUxMitcitif*,  irreculnr  in  character,  which  are  due  to  vartatioiu  in  lone. 


I 


to  the  uniliflferentiated  sareoplasm.  However  this  may  be,  the 
projierty  of  tonicity  is  an  imix»rtAnt  one  in  the  jihysiolog^'  of  the 
heart  and  of  the  other  visceral  organs.  Thn)ugh  it  a  certain  tension 
of  the  musculature  is  maintaineil.  an*]  the  size  of  the  cavities  is 
contn»lle<l.  The  pn)|)erty  may  Ije  of  s|H.*cial  regulative  value  in 
the  large  veias  where  they  open  into  the  auricles,  but  at  present 
we  have  little  positive  knowledge  of  the  conditions  that  control 
the  tonicity,  of  the  extent  of  its  regulating  action  normally,  or 
of  the  extent  of  its  derangement  under  i)athological  conditions. 

•  Fftno,  '■  Beit r Age  lur  Physiolofcie."     C.  Ludw-ig,  zu  s.  70  GeburtMa|re 
lewul.     I^eip^itc.  IK.H7. 

t"  Jouruttl  of  Phybiology,"  21,  1,  1897. 
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THE  CARDIAC  NERVES  AND  THEIR  PHYSIOLOGICAL 

ACTION. 


The  heart  receives  two  sets  of  efferent  nerve  fil>erp  from  the 
central  nervous  system.  One  set  reiirhes  the  heart  through  the 
vagus  nen*es,  and.  since  their  activity  slows  or  stops  the  heart 
beat,  they  are  spoken  of  as  the  inhibitory  nerve  fii>ers.  The  other 
set  passes  to  the  lieart  by  way  of  the  symixithetic  chain,  and  since 
their  activity  ar-oeleratos  or  augments  the  heart  heat  tliey  are 
designated  usually  as  the  accelcrtitor  nen^e  Hirers.  In  addition  tlie 
heart  is  provided  with  a  set  of  afferent  nerve  fibers.  Regarding 
the  functional  activity  of  these  latter  fil>ers,  our  exf)erinient3l 
knowledge  is  limited  to  the  fact  that  when  excited  they  cause  a 
fall  of  blood-pressure  by  reflex  action  upon  the  vasomotor  center. 
For  this  reason  the\'  are  descMil)ed  as  depressor  nerve  fillers.  These 
latter  ftl>ers  may  run  as  a  separate  ner\'e  or  may  be  included  iu  the 
trunk  of  the  vagus. 

The  Course  of  the  Cardiac  Fibers. — ^The  vap;us  ner>*e  gives 
off  several  branches  that  supply  the  heart.  The  superior  car<iiar 
branohes  arise  fmm  the  vagus  in  the  ne<'k  somewhere  between 
the  origins  of  the  sii|)erior  anrl  the  inferior  lan'ngeal  ner\'es.  The 
inferior  cardiac  branches  arise  from  the  thonicic  portion  of  the 
vagus  near  the  origin  of  the  inferior  laryngeal  an<l  indeed  some 
of  these  branches  may  si)ring  directly  from  the  inferior  lar>'Dgeal. 
The  inhibitory  fibers  }>robal>ly  arise  in  these  inferior  bmnches 
cliiefiy.  Both  superior  and  inferior  car<liac  Ivranclies  [Xiss  toward 
the  heart  and  unite  with  the  cardiac  branches  from  the  sympatlietic 
chain  to  form  the  cardiac  plexus.  This  plexus  lies  on  the  arch 
and  ascending  pf)rtion  of  the  aorta,  anil  from  it  the  heart  receives 
directly  Ixith  it^  inhibitors  and  accelerator  fil)ers.  The  inhibitor}* 
fibers  of  the  heart  form  a  part  of  the  outHow  of  autononuc  fil>ers 
(p.  2^i4)  thmugh  the  vagus  nerve.  The  preganglionic  fil)ers  doubt- 
less end  arouiKJ  ganglion  cells  in  the  heart,  which  in  turn  send  their 
axons  as  iX)Stganglionic  fibers  to  the  heart  muscle. 

The  Action  of  the  Inhibitory  Fibers.— If  the  vagus  nerN-e 
in  the  nock  of  an  animal  is  cut  an*]  its  pcriiiheral  end  is  stimulated 
the  heart  is  slowed  or  stopj>ed  altogetlier  according  to  the  strength 
of  the  stimulus.    This  effect  is  illustrated  in  Figs.  212  and  213. 
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TTiis  inhibitor'  Influence  upon  the  heart  lye&t  was  first  described 
in  1845  by  the  twci  brothers,  Ktlwani  Weber  and  K.  H.  Weber. 
It  was  a  physiological  di3cover>'  of  the  first  importance,  not  only 
a»  reganls  the  physiotog}-  of  the  heart,  but  from  the  staiulpoint 
of  genemt  physiolog\'.  since  it  ^ave  the  finst  clear  instance  of  the 
possibility  of  inhibitor)'  action  throuph  nerve  fibers. 

If  the  heart  is  examined  during;  its  complete  inhibition  it  will 
lie  aeen  that  it  stops  in  dia8tole, 
an<l  indee<l  the  dia&tole  is  more 
eomplete  than  noi-mal . — the  heart 
dilates  to  a  ver>'  large  extent,  and 
tjeconies  swollen  with  blcxxl.  This 
latter  fact  is  t^ken  usually  as  proof 
that  the  lu-tion  of  tlu*  inhibitors- 
fibers  not  only  prevents  the  usual 
aystole,  but  also  removes  the  to- 
nicity of  the  nuisoulature.  Some 
obeervers  believe  that  the  unusual 
dilatation  is  due  simply  to  tlie  effwt 
of  the  increased  venous  pressure 
(Roy  and  Adami).  Examination  of 
the  heart  shows  also  that  the  iniii- 
bitinn  affect-s  the  whole  lieiirt,  -both 
Aiiricles  and  ventricles  are  sitnved  <>r 
8top|>e<I.  as  the  case  may  l>e.  Tha( 
the  vagus  nerve  in  man  also  con- 
tains inhibitor)^  fibers  to  the  heart 
is  made  highly  probable  by  ever>'- 
thing  known  concerning  the  condi- 
tions tmder  which  the  heart  is 
dowed  or  stopped  temporarily,  and 
has,  moreover,  l)een  demonstrated 
tlirecily  in  several  instances  upon 
li\ing  men.*  Theee  inhibitory  fi- 
l»eT8  have  been  shown  to  exist  in  all 
cla«e«  of  vertebrates  and  in  u  iiuni- 
1 MT  I  »f  t  lie  in vertehrat es .  — a  fact 
which  in  itself  would  indicate  the 
great  im|X)rtance  of  their  influence 
upon  the  effective  a<'tivity  of  the  heart.  In  the  mammals  gener- 
ally employeti  in  laboratory*  experiment's  the  inhibitor)-  fibers 
occur  in  both  vagi;   in  some  of  the  lower  vertebrates,  however, 

•See  &»pe(*iaUy  Thnnhoffer,  "  reiiiralhlatt  f.  d.  med.'Wijis.,"  1875,  who 
giv^  an  account  of  an  experiment  in  which  the  vagi  were  compreasc<i  in  the 
oork,  with  a  rwulting  stoppage  of  the  heart  and  loes  of  coii^rioasness. 
33 


Fix-  212^ — T((  show  thr  inhibition 
rif  the  terrmpin's  heart  due  la  ntiniulji- 
tion  of  the  vbicub  narw.     1'he  upper 


The^ 


trm4*iiio  if)  rrcortlji  the  rontnetlons  of 
th«  l«ft  tturirle;  tht  lower 
tnietumA  of  tbp  veutncle.  fhe  vastts 
wa»  f«liiiiul&ie«t  three  tlniee.  each 
chamber  roinmit  to  a  complete  atop. 
On  removing  the  (•timulua  it  will  be 
ntited  that  th«  auricular  riioCnwtions 
inrreajie  |irDdu«ily  to  their  nomiaJ, 
white  the  veiilnrular  cunlmctuiii* 
^lart  ofT  at  full  Mtreufdh. 
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especially  in  the  tt^rrapin,  the  inhihiton'  fillers  are  foun<l  exclusively 
or  mainly  in  the  right  vagus,  and  several  observers  have  asserted 
that  in  the  mammals  ul.'^o  the  right  vagus,  as  test'Cd  by  direct 
stimulation,  shows  a  stronger  inhibJIorv*  action  than  the  left  vagus. 
Analysis  of  the  Action  of  the  Inhibitory  Fibers. —  The  prom- 
inent effect  of  the  action  of  the  inhibitory  fibers  is  the  slowing 
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FtK.  'J\3. — Ti)  i^linw  tlip  inhibition  uS  ilie  heart  frtJtii  flliniulatioti  of  the  vbrua-  Rpcunl 
B  is  the  bltMMj-i.ireN'«urr  tmcins-  Tlie  vaKU«  wu,-*  -•tiniulatvd  Iwii^e.  The  iiiarkK  r.  x.imli- 
c«t«  tht?  bcKiniiiiiK  u'kI  rtul  f>i  llir  »(iinulu>.  The  fimt  i^liftiulatiun  wma  weak;  it  will  lie 
tiote<l  that  the  htMirt  C-koiikmI  und  \>ceun  bniitintc  brfoiT  the  stitnulu.i  mm»  witbdrKwti.  TLk 
aecoDil  fltimulut^  wan  ^l^^tlK(?^,  I  he  iiitiihilidii  lasted  f*unie  lime  after  rr'nnvai  uf  tbr  nliinulus- 
The  upper  curve  iK)  !»  n  iilclIiysmt>Kruphic  (nnconietcr)  trHcinic  uf  the  v«tluuie  of  the  kid- 
ney. It  will  be  noted  that  when  the  heart  ««tup0  and  bitXKl-preadure  falU  the  kidney,  hke 
the  other  organfl,  diinininbes  in  volume.  -  (Datcton.) 

of  the  rate  of  the  heart  l)eat.  Numerous  observer^i  have  called 
attention  to  the  fact  that  the  vagus  fil>ers  may  also  cause  a  weaken- 
ing in  the  force  of  the  heat  us  well  as  a  slowing  in  the  rate,  or, 
indeed,  the  two  effects  may  he  obtained  sejmrately.  This  fact  has 
been  shown  especially  for  tlie  auricles.*  In  the  heart  of  the  terrapin 
♦See  Baylws  nriil  Stnrlinjr.  '  -Irnmial  r)f  PhyMoingy,"  13.410,  1892. 
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one  may,  by  using  weak  stimuli,  obtain  only  a  weakening  of  the 
auricular  Ijeats  without  any  interference  willi  tiie  rat*"  (Fig.  214), 
while  by  increasing  the  stiinuhis  the  slowing  in  rate  l)ef<)nies evident 
c<^mbine<.l  with  a  diniinution  in  force  or  extent.  Although  the 
force  of  the  l>eat  nmy  lje  influenced  without  altering  the  rate,  the 
reverse  does  not  hohi.  Usually,  for  the  auricle,  at  least,  any  stimulus 
iJuit  slows  the  beat  als<)  weakens  the  individual  l>eat.  VVhedier 
the  vagus  filjers  exercise  a  similar  double  Influence  tlircctly  upon 
the  ventricle  is  not  so  clear.  Some  observers  find  that  when  the 
ventricle  is  inhibitetl  the  beats,  although  slower,  are  stronger,  while 
others  obtain  an  opfxisite  result.  It  seems  probable,  as  state<l 
by  Jo)mnsson  and  Tigerstetit,  that  the  result  ohtaincil  def)ends 
largely  mi  llie  strength  of  slimuluii 
use<].  The^e  observers  found*  that 
with  relatively  weak  stimuli  the 
contractions  of  the  ventricle,  though 
dower,  are  stmnger,  while  with 
">nger  stimuli  the  contraci  ions  are 
iliminished  lx\  strength  as  well  as 
mte.  The  question  is  complicated 
by  the  difficulty  of  separating  the 
direct  effect  of  the  vagus  on  the 
ventricle  from  the  indirect  effect 
brought  at)out  by  the  changes  in  the 

jricidar  l)eat.     The  inhii>itor>'  in- 

uence  makes  itself  felt  also  upon 
the  cdoductivity  of  the  heart.  This 
lact  has  been  noted  by  several  olj- 
A  striking  example  is  seen 
in  the  case  of  partial  heart  block. 
When  aa  the  result  of  some  injury- 
or  pressure  in  the  auriculcnventricu- 
lar  region  or  from  some  other  less 

evident  cause  there  is  a  partial  block,  so  that  the  ventricle  con- 
tracts once  to  two  or  three  l>catHS  of  the  auricle,  vagus  stimulation 
mav  l)e  followed  at  once  as  an  after-effect  by  a  return  1o  the 
normal  beat,  a  re-establishment  of  a  one-to-one  rhythm.  I'mier 
other  circumstances  the  contrar>'  effect  of  vagus  stimulation 
has  been  described.  From  the  results  cited  it  seems  evident  that 
the  vagus  nerve  may  affect  the  rate  and  the  force  of  the  con- 
tractions, and  also  the  conductivity  or  the  propagation  of  the 
wave  of  contraction.  These  separate  influences  have  lx?en  referre<l 
hy  some  authors  to  the  existence  of  different  kinds  of  nerve  fibers, 
each  exerting  its  own  influence,  but  it  seems  preferable  to  assume, 

•  S«<  TigenteHt,  "  T^hrhurh  tier  PhyKioloKie  tiew  Kpeislttiiffei,"  1893.  p.  247. 


Fin  ^M. — To  -how  ihi'  t-hec!  «»f 
voouf*  Ntiinulalinn  oii  the  dtn-e  only  of 
thf  auriruUr  beat  iti  thp  trrrapin'it 
Ke«r1 :  A .  RMMird  of  the  Durtrular 
beatit;  V.  recoH  of  the  ventricular 
bei»t«.  The  vnipui  way  »timiilate<i  be- 
tween z  and  J.  It  will  1*6  nnteil  rhHl 
the  \-eatHrular  beut4  are  tiot  uftected. 
and  that  the  auricular  beat^  fiiinmiah 
in  extent  without  any  chaiure  ia  rate. 
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on  the  contran%  that  only  one  kind  of  fiber  is  present,  and  that 
its  influence  on  the  metabolic  changes  in  the  heart  ninscle  expreaaesy 
itself  i.lifferently  upon  the  several  different  properties  of  the  tisBiui] 
acconling  to  the  extent  of  its  action. 

Kiigeimaim  has  made  the  most  complete  altemftt  to  ajmlyze  the  influencel 
e\ert«cl  hy  tlie  canliut'  nenes  (iiiliibitor)*  and  act-elerator).  He  d&^ifi^iatesl 
these  iiiflueiu'cs  maler  four  (UfTereiit  liead-*  with  the  further  Mip|»osition  thittj 
Ihev  are  me^liate^i  hy  ilifferent  fil>ers:  (I)  The  ehronotropic-  influence,  afTet-tuig  I 
the  THte  of  ('ontra<-tion,  |H>»itivc  cliroiiotropi(  artioiib  (-HU>iu^  an  uocelerutioii4 
am!  iiesrative  rhronotropic  actions  u  ?lo\viiip  of  the  rate.  (2)  The  hathiuo- I 
tropic  infhienre,  afTertiug  tlie  irritiihihty  of  the  iiuisoulnr  ti-Hsiic;  this  aUo  itirty  ] 
he  |)Ot«itive  or  negative.  (3)  The  dromotropic  influeni-e,  positive  or  uefcutive,  | 
affe<-Un^  l!ie  comlurtivity  of  i!ie  tissue.  (4)  T!»e  inotropic  influence,  poed-j 
tive  or  negative,  aiTectiiip  the  fort-e  or  energj*  of  the  rontmrtions* 

Does  the  Vagus  Aflfect  Both  Auricle  and  Ventricle? — Thol 

inhibitory  action  of  llie  vagiis  is  most  marked  U|X)n  the  venotial 
end  of  the  heart,  and  the  question  hiis  arisen  as  to  whether  it  affects  I 
the  ventricle  directly  or  not.     Gaskeil  gave  evidence  to  indicate 
that  in  the  terrapin  the  auricle  only  is  inliibited,  the  ventricle  stop-j 
ping;   l)ecau^   it   fails   to   receive   its   normal    impulse   from    the] 
auricle.     When   this   heart    is   inliibited    the   contractions   of   the  j 
auricle  after  cassation  of  inhibition  gnidually  increase  in  ampUtiidei 
luitil  the  normal  size  is  reached:  in  the  ventricle,  on  the  contrar>', | 
the  first  contniction  after  inhibition  is  of  normal  size  or  greater] 
than  normal  (see  Fig.  212).      When  a  block  is  produced  in   the  i 
majamaJian  Iieart  l)etvveen  auricle  and  ventricle — Ijy  clamping  the  j 
uniting   muscular  bundle,  for  instance — stimulation  of  the   vagus 
stops  the  auricle  only  (Erlanger),  but  this  result  may  be  dtie  to  j 
the  fact  that  the  clanij^   has  interruptet!  the  iidiibitor)'  filM?rs  oaj 
their  way  to  the  ventrirle,  or  ti»  .s<tme  other  reason  connected  with  I 
the  peculiar  pnifx^rties  of  the  auriculo-ventricular  muscle  bundle. 
As  far  as  the  mammalian  heart  is  concerned,  one  must  believe  j 
logically  that  the  vagits  affects  the  ventricle  directly,  as   Tiger- 
stedt   has  well    siiid.   fntni    the  mere  fact    that,  when    the    con- 
nection   l>etw*een    auricle   and    ventricle   is   severed   or  paralyzed  j 
the  ventricle  continues  to  beat  at  its  own  rhythm  without  any  < 
t>bviou8  pause.     It  is  evident  from  this  fact  tlmt  when  the  whole 
heart   is  inhibited   by  stimulation  of  the  vagixs  the  ventricle  does 
not   stop  simply   because   the   auricle   fails  to  send  on  its  usual  ' 
contraction  wave,  since,  if  that  were  so.  cutting  off  the  auricle  or 
clamping  the  connection  l)etween  it  and  the  ventricle  should  also 
l)ring  on  a  ventricular  pause,  as  happens  in  the  case  of  the  terrapin's 
heart.     It  seems,  however,  to  be  the  general  l)elief  of  those  who 
have  experimente^J  with  the  subject  that  the  action  of  the  vagus 
is  exerte<l  mainly  u|M)n  the  auricles. 

♦EnKchnauu,  '*  Archiv  f.    I'liysiologie,"   M>00,  p.  313,  and   1002.  suppl. 
vohmie.  p.  1. 
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Escape  from  Inhibition. — Strong  stimulation  of  the  vagus 
may  stop  the  entire  heart,  but  the  length  ^^  time  during  which 
the  heart  may  l>e  maintained  in  this  c<mt]ition  varies  in  tlifFerent 
iBpecies  and  indeed  to  some  extent  in  different  individuals.*  In 
some  animals— cats,  for  example — the  strongest  stimulation  of  the 
nerve  sen'es  only  to  slow  the  heart  instead  of  causing  c'onijjiete 
jitandstill.  In  dogs  the  heart  is  stopped  by  relatively  weak  stimn- 
lation,  although  if  the  slinuilation  is  maintained  the  heart,  as  a 
nde.  e«ea|)e^  from  the  inliibition.  In  some  tings  tlie  heart  may 
l»e  heM  inhibiteti  long  enough  to  cause  the  death  of  the  animal 
unless  artificial  respiration  is  maintainerl.  hut  usually  the  heart 
l«il  soon  breaks  through  the  eoniplete  inhibition.  The  "inner 
stimulus"  in  such  cases  increases  in  strength  sufficiently  to  overcome 
I  he  opposing  inhibiton-  inHuenre,  and  this  circimist-ance  may  be 
reganled  as  an  argument  agaiasl  those  views  that  trace  the  origin  of 
the  "  inner  stimulus  "  to  some  of  the  i>roduct-8  formed  during  the  ca- 
Udx)lism  of  contraction.     Moilerate  stinndation  of  the  vagus,  sufii- 

icient  simply  to  slow  the  rate  of  beat,  can  be  maintained  withfiut  (hmi- 
nmion  in  efTeci  for  ven*  long  perioiis:  indeed,  as  is  explained  in  the 
next  section,  the  heart  beat  is  kept  imrtialiy  inhibiteil  more  or  less 
continuously  through  life  by  a  const-ant  activity  of  the  vagus.  In 
the  cold-blooded  animals,  especially  the  terrapin,  the  heart  may 
be  kept  oom])letely  inhil>ited  for  hours  by  stinndation  of  the  vagua. 
Mills  reports  that  he  has  kept  the  heart  of  the  terrapin  in  this 
condition  for  more  than  four  hours.f  Most  obser\'ers  state  that 
complete  inhibition  can  \te  maintained  for  a  longer  time  when  the 
stimidus  is  applied  alternately  lo  the  two  vagi,  but  it  is  possible 
that  this  result  is  due  to  the  fact  that  continuous  stimulation  applied 
to  a  nerx'e  usually  resnlt-s  in  some  local  loss  of  irritability. 

Reflex  Inhibition  of  the  Heart  Beat— Cardio-inhibitory 
Center. — The  inhibitory  fil>ers  may  lie  stimidated  reflexly  by  action 
upon  various  sensor>'  nerv'es  i»r  surfaces.  One  of  the  first  experi- 
mental proofs  of  this  fact  was  fumislierl  by  Cloltz's  often-quoted 
"  Klopfx'ersuch."!  In  this  experiment,  matle  ufxm  fn)gs.  the  ob- 
sen'er  obtaine<l  standstill  of  the  heart  by  light,  rapid  taps  on  the 
►domen,  and  the  effect  upon  the  heart  failed  to  appear  when  the 
'vagi  were  cut.  In  the  mammals  even*  laboratory*  worker  has  Imd 
numerous  opportunities  to  obser^*e  that  stimulation  of  the  central 
3ium|w  of  sensor>'  nerves  may  cause  a  reflex  slowing  of  the  heart 
U»At.  The  effect  is  usually  very  marked  when  the  central  stump 
of  one  vagus  is  8timulate<I,  the  other  vagus  l^eing  intact.  The 
vagus   carries  sensory    fil)cr8   fn>m    the   thoracic   and   abhmiinal 

•See  HouKh,  "  Journal  of  Physiology,"  18,  161,  1895. 

t'Mmjmal  of  Ptivsioioir\',"  «,  246. 

}Ooltz,  "  Vir<*huw'H  Archiv  f.  pathd.  Auatomie,  etc./'  26,  11,  1863. 
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viscera,  and  most  oljservers  state  that  the  heart  ixx&y  be  reflexly 

inhibited  most  reatUly  by  stimulation  of  ihe  senson'  aiirfaces  of 
the  abtlomiiial  viscera,  by  a  bJow  upon  the  viscera,  for  example, 
or  by  sudden  tlistension  of  the  stomach  or  sudden  emptying  of 
the  bladder.  In  man  similar  results  are  noticed  ver\'  frequently. 
Acute  dysj^epsia,  intlanunulion  <if  the  peritoneum,  painful  stinui- 
lation  of  sensory  surfaces.— t lie  testes,  for  instance,  or  the  middle 
ear, — may  cause  a  marked  slowing  of  the  heart, — a  condition  des- 
iKuateti  as  l)ra<lycardia.  Wliat  takes  place  in  all  such  cases  is  that 
the  sensory  impulses  carried  into  the  central  nervous  system  reflexJy 
stimulate  the  nerve  ceils  in  the  medulla  which  give  origin  to  the 
inhibitor)'  lil>ers.  These  cells  form  a  part  of  the  great  motor 
nucleus  (N.  ambiguus)  from  whicli  arise  the  motor  fibers  of  the 
vapus  and  the  glf>sHophar\'ngeus.  The  particular  group  of  cells 
from  which  thti  inhibitory  fi!>ers  to  the  heart  originate  has  not 
been  delimited  aiiatomicully.  Efforts  have  fjeen  made  to  locate 
them  by  vivisection  exjjeriments,  but  this  method  has  shown  no 
more  [lerhaps  than  that  they  are  found  in  the  region  of  ori^n  of 
the  viigus  nen'e.  Physiologically,  however,  this  group  of  cells 
forms  a  center  which  is  of  the  greatest  importance  in  controlling 
the  activity  of  the  heart.  It  Is  designate^l.  therefore,  as  the 
cardio-inhibitory  cenier.  We  may  define  the  cardio-inhibitor>'  center 
as  a  bilateral  group  of  cells  lyin^  in  the  mechilla  at  the  level  of 
the  nucleus  of  the  vagus  and  giving  rise  to  the  iidiii>itory  filjers 
of  the  heart.  The  two  sides  are  probably  connected  by  conuni^- 
sura!  cells  or  else  each  nucleus  sends  libel's  to  the  vagus  <if  eatrh 
side.  Hirough  this  center  all  reflexes  that  affect  the  heart  by  way  of 
the  inhibitorv'  hirers  must  take  i.>lace.  These  reflexes  may  be  occa- 
sioned by  incoming  sens<iry  impulses  through  the  spinal  or  cranial 
nerves,  or  by  impulses  coming  down  from  the  higher  |x>rtion8  of 
the  brain.  The  center  may  also  be  stimulated  flirw^tly.  either  by 
pressure  upon  the  medulla,  which  may  give  rise  to  slow  heart  Ix^at^s 
or,  as  they  are  stmietimes  called,  vagal  Ijeats.  or  f>y  changes  in  the 
composition  of  the  blood.  With  reganl  to  the  reflex  stimulatiori  of 
this  center  it  is  imiM>rtant  to  hear  in  mind  the  general  physiological 
rule  that  afferent  impulses  may  either  excite  or  inhibit  the  activity 
of  ner\'e  centers.  In  the  former  case  the  heart  rate  would  be 
sloweil.  in  the  latter  case  it  wtMild  be  quickeneti  if  the  center  were 
previously  in  a  st^te  of  activity. 

The  Tonic  Activity  of  the  Cardio-inhibitory  Center*— The 
cells  of  the  canlio-inhibiton'  center  are  in  constant  actiNity  to  a 
greater  or  less  extent.  As  a  consequence,  the  heart  l>cat  is  kept  con- 
tinually at  a  slower  rate  than  it  would  normally  assume  if  the 
inhibitor)'  apparatus  did  not  exist.  This  tonic  activity  of  the  vagus 
is  beautifully  exhibited  by  simple  section  f>f  the  two  vagi,  or  by  inter- 
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ruptjng,  in  some  other  way — crooliiig,  for  example — the  connet^tion 
Iteiween  the  center  and  the  hc^rt.  When  the  two  vagi  are  cut  the 
heart  rate  increases  greatly  ami  the  blood-pressure  rises  on  account 
of  the  greater  output  of  blood  in  a  unit  of  time.  Section  of  one  vagus 
pves  usually  a  partial  effect. — that  is.  the  heart  rate  is  inrreasetl 
somewhat, — but  it  i.sstitl  further  increased  hy  section  of  the  second 
vagus.     The  exact  result  obtained  when  the  nerves  are  severetl  sepa- 


ETiK'  215- — To  «khow  the  effect  (if  i^^ction  nf  Iho  !wo  vafci  U)>on  the  nit«  nf  heart  <>ejit  iintl 
%J^  MtwxJ-prfBUre:  1  marka  tlio  »ectit>n  uf  the  va^u^  nti  the  richt  aide;  2,  wrtion  of  the 
*c«o«>c)  vsKU"-  TIm  numenis  un  the  vertical  mark  itie  bUMMl-prcAnurea;  the  numenl*  uo 
%h«  btoocfyi e^aue  reoortl  give  the  rale  uf  heart  beet^.  -  (OffW«on.) 


rately  varies  undoubtedly  with  the  conrlitions, — for  instance,  with 
the  intensity  of  the  tonic  aeti\nty  of  the  center.     Throughout  life, 

speaking  in  general  terms,  the  cardi<>-inhibitor>*  center  keejxs  the 
"  brakes  "  on  the  heart  rate,  and  the  extent  of  its  action  varies 
under  diiTerent  conditions.  When  its  t^mic  action  is  increased 
the  rale  Ijecomes  slower:    when  it  is  decreaseil  the  rate  Ijecomes 

|laster.     In  all  pn»bability.  this  tonic  action  of  the  center,  like  that 

lof  the  motor  centers  generally,  is  in  reality  a  reflex  tonus.     That 
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is,  it  ia  not  due  to  automatic  processes  geDerat-e<]  within  the  nerve 
cells  by  their  own  metabolism  or  by  changes  in  their  liquid  environ- 
ment, liut  to  stiinutations  received  through  sensor}'  ner\'es.   The 
continuoufl  though  vaning  inflow  of  impulses  into  the  central  nen'ous 
system  through  different  nerve  patlis  keeps  the  center  in  thai  stale 
of  permanent  gentle  activity  which  we  designate  as  '*tone."     ItJ 
is  possible,  of  course,  that  certain  sensor>'  paths  may  1^  in  specially  j 
close  functional    relationship   to   the  center.     One  may  supj.>ose,i 
from  the  anatomical  relations  and  from  physiological  experiments,/ 
that  the  sensor}-  paths  from  the  abdominal  viscera  play  such  a  role,  j 

The  Action   of  Drugs  on  the   Inhibitory  Apparatus. — Thej 
existence  of  the  iivhibitor}-  filjere  to  the  heart  furnishes  a  meanaj 
of  explaining  the  cardiac  action  of  a  number  of  drugs, — atropin,! 
muscarin   or  pilocarpin,   nieotin,   curare,   digitahs,   etc., — for  the! 
details  of  which  reference  must  be  rruule  to  works  on  pharmacoIog>'.*  j 
The  action  of  the  first  three  named  illustrates  especially  well  the 
application  tliat  Ims  been  made  of  ]>hysiolog>'  in  modem  phaniia- j 
cologv',     Atropin  administered  to  those  animals,  such  as  the  dog] 
or  man.  in  which  the  inhibitor}'  fibers  of  the  vagus  are  in  constant  I 
activity,  causes  a  quickening  of  the  heart  rate.     Indeed,  the  liearti 
beat«  as  rapidly  as  if  both  vagi  were  cut.     After  the  use  of  atropin,] 
moreover,  stimulation  of  the  vagus  nerve  fails  to  prmiuce  inhibition* 
The  action  of  atropin  is  satisfactorily  explained  by  assuming  that! 
it  paralyzes  the  endings  of  the  (ixjstganghonic)  inliibitorx*  fil>era| 
in  the  heart  amscle,  just  as  curare  paralyzes  the  terminations  of] 
the  motor  fibers  in  skeletal  muscle.     Atropin  exercises  a  similar! 
eflfect  upon  the  nerve  tenninations  in  the  intrinsic  muscles  of  the! 
eyeball  and  in  many  of  the  glands.     On  the  contrar}'.  when  mu»-l 
carin  or  pilocarpin  is  administeretl  it  causes  a  slowing  and  finally 
a  cessation  of  the  heart  i)eat.     Since  this  effect  may  lie  removedj 
by  the  su!>sec{nent  u.se  of  afmpin  it  is  assumetl  that  the  two  formerl 
drugs  excite  or  stimulate  the  endings  of  the  inhibifon-  fil»ers  ini 
the  heart  anrl  thus  bring  the  orguii  to  re»t  in  diastole,  as  happenai 
after  electrical   stinudation  of  the   vagiis   nerve".     Some  authors,! 
however,  bdieve  that  the  piiocarjnn  or  muscarin  may  have  a  ileej>erj 
effect  in  that  it  acU  directly  on  the  heart  muscle  itself,  and  that 
the  antagonistic  atropin  affect.s  the  ituisctilar  tissue  also  as  well 
as  the  entljn>is  of  the  fillers.     A  final  stat^ement  can  not  l)e  madei 
upon  this  jMtint,  i)ut  the  current  belief  is  that  the  atropin  paralyzes 
while  the  nuiscarin  or  pilocarpin  stimidat-es  the  endings  of  the 
inhibitor}'  fibers  in  the  substance  of  the  heart. 

The  Nature  of  Inhibition. — Since  the  discovery  of  the  inhibi- 
tory* nerves  of  the  heart  furnished  the  first  conclusive  proof  of  the 

*  ronsiiU    CiHhnv,   "Text-lx»ok   of   Pharmacology   and  Tliera  pen  tics." 
Philadeliiliiu,  1903. 
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existence  in  the  body  of  definite  nen'e  fillers  with  apparently  the 
sole  function  of  inhibition,  it  seems  appropriate  in  this  connection 
to  refer  to  the  views  regarding  the  nature  of  this  process.  Several 
general  views  *)f  the  nature  of  inhibirion  have  been  proposed.  Init 
the  one  that  is  niost  definite  and  has  met  witii  most  favor  is  that 
suggested  by  (laskell*  This  author  has  shown  that  the  after-effects 
of  stimulation  of  the  inhibiton'  filers  are  t)ene.ficial  rather  than  in- 
jurious to  the  heart ;  that  is,  under  ccrtAin  circunistiinces  an  improve- 
ment may  \)e  noticed  in  the  nitc  or  force  of  the  \yeM  or  in  the  con- 
iluctivity.  He  has  als^i  yhovvn.  In*  an  interesting  exj^erinient,  that 
during  the  state  of  inhibition  the  heart  tissue  is  made  increasingly 
electropositive  in  comparison  with  a  ilead  jxirtion  of  the  tissue. 
To  show  this  fact  the  tip  of  the  auricle  was  killed  by  he^it  and  this  spot 
(a)  and  a  point  at  the  base  of  tlie  aun<'le  (b)  were  connected  with  a 
galvanometer.  Inder  such  conditions  a  strong  demarcation  cur- 
rent was  obt^iined  flowing  through  the  galvanometer  from  b  to  a. 
U  the  auricle  contracted  a  negative  variation  resulted,  since  during 
activity  b  Ijecaine  less  positive  as  regards  a.  If.  on  the  contrar\', 
the  aimcle  was  inhibited  by  stimulation  of  the  inhibitor>'  fillers 
■a  positive  variation  was  obtained;  h  liecame  more  jx>sitive 
tovrarrj  n.  On  the  basis  of  such  results  (Jjvskcll  concludes  that 
inhibition  in  the  lieart  is  due  to  a  set  of  inetal>olic  changes  of  an 
opposite  character  to  those  occurring  during  coutractifm.  In  the 
latter  condition  the  nieUibolisin  is  catabolic,  aiul  consist*  in  the 
breaking  down  of  complex  substances  into  simpler  ones  with  the 
liberation  of  energ>'  as  heat  amt  work.  During  inhibition,  on  the 
eontrar\*,  the  process4»s  are  anabolic  or  synthetic  and  result  in  the 
formation  of  increasctl  contmciile  material  whereby  the  condition 
of  the  heart  is  improved.  He  woul(i  regard  the  inhibitor)'  filers, 
therefore,  as  the  anabolic  nerve  of  the  heart  and  their  const-ant 
action  thn>ughout  life  as  an  aiil  to  the  nutrition  of  the  heart.  The 
aame  general  view  may  i>c  extended  to  all  cases  of  inhibition,  and 
Gaskell  l>e]ieves  that  all  muscular  tissues  are  supplied  with  anabolic 
(inhibitorj)  and  catabolic  (motor)  fibers.t 

The  heart  muscle  ix>ssesses  a  motor  (accelerator)  as  well  as  an 
inhibiton*  nerve.  The)  exerci.^  op|x)site  effects  upon  the  heart 
muscle,  and  thi^  result  firuls  a  satisfactor}'  provisional  explanation 
in  Gaskeirs  hyjxjthcsis.  just  stated.  But  the  further  question  arises 
as  to  why  they  should  have  opposite  effects.  Is  it  due  to  a  differ- 
ence in  the  character  of  the  nerve  impulses  they  carr>'  or  is  it  due  to 

•Oftskell,  "  Philf>f*opliirnl  Trauma* lion-  of  the  Royal  Sfxiety."  Ix>ndoi»; 
CrnociiJUi  I..eotiire.  pan  ui,  1SS2;  al?*o  "  Heitnipe  ta\t  rhy»»iolo(rie,"  dedicated 
tuC.  LuilwrK.  IKS";   artd  *"  Journal  t>f  riivHoIopv."  7,  46. 

t  For  a  (tencral  di?*oii.****ion  of  thi:*  idea  and  of  the  importance  of  inhibitor>' 
actions  tiee  Meltzer,  "Inhibition/'  **New  York  Medical  Journal.'*  Mav  13. 
ao,  27,  1890. 
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some  difference  in  their  place  or  manner  of  ending  in  the  muscular 
ti&sue?  Views  differ  xijwn  this  [mint  and  many  physiologist-s  have 
suggested  that  the  impulses  vary  in  quahty;  that  the  inhibitor>* 
nerve  impulse  differs  in  some  uuknomi  way  from  a  motor  impulse, 
and  therefore  causes  an  opposite  reaction  in  the  muscle.  This  latter 
view  seems,  however,  to  Ije  entirely  disproved  by  the  results  of 
e\']>eriments.  I^ngley  has  shown  upon  blood-vessels  (p.  76)  that 
an  iuliibitory  nerve  made  to  grow  down  a  motor  path  causes  when 
stimulated  only  motor  effects  and  vice  versa.  And  in  the  case  in  point 
Erlanger*  has  prnvetl  that,  when  an  ordinary  spinal  nerve  (fifth 
cervical)  is  sutuit^l  to  the  peripheral  end  of  the  cut  vagus,  it  will» 
after  time  for  regeneration  has  been  allowed,  cause  when  stimidated 
the  usual  stoppage  of  the  heart.  So  far  as  our  facts  go,  therefore, 
we  must  assume  that  motor  and  inhibitory  fibers  have  opposite 
effects  upon  the  muscular  fibers  in  which  they  end  l)ecause  they 
tenniuate  dilTerently  in  these  fibers.  Nothhig  more  sfiecific  can  be 
s;iid. 

The  Course  of  the  Accelerator  Fibers,— The  heart  receives 
efferent  or  motor  nerve  fibers  from  the  sympathetic  system  in 
addition  to  those  reaching  it  by  way  of  the  vagus  nerve.  Atten- 
tion was  first  calleti  to  these  sympathetic  fibers  by  Lega!lois(1812), 
but  our  recent  knowletlge  dates  fn>m  the  experiment's  made  bj* 
von  Bczold  (1862)  which  were  aftenvard  completed  by  the  CS'on 
brothers, — M.  and  Fl  Cyon,|  IS&y,  These  fil>ers  when  stimulated 
cause  an  increased  rat^e  of  Ijeat  and  are  therefore  designated  as  the 
uccelevGinr  nerve  of  the  heart.  'Jlieir  course  lias  been  worked  out 
physiologically  in  a  number  of  animals.  Among  the  mammalia  and 
indeed  among  different  animals  of  the  same  species  there  is  some 
variation,  but  a  general  conception  of  their  origin  and  course  may 
be  obtained  from  Kig.  2 Hi,  which  represents  in  a  schematic  way  the 
anatomical  path  taken  by  these  fibers.  They  emerge  from  the  spinal 
cord  in  the  anterior  roots  of  the  second,  third,  and  fourth  thoracic 
spinal  nerves.  Acconfing  to  some  authors,  they  nuiv  be  found  also 
in  the  fifth  thoracic  and  the  first  thoracic  or  even  the  lower  cerA'ical 
spinal  nerves.  They  pass  then  by  way  of  the  white  rami  to  the 
stellate  or  first  thoracic  ganglion  (6),  and  thence  byway  of  the  an- 
nulus  of  Vieussens  (7)  to  the  inferior  cervical  ganglion.  A  num- 
ber of  branches  leave  the  synipathetic  system  and  the  vagus  in 
this  region  to  pass  to  the  canllac  plexus  and  thence  to  the  heart. 
The  accelerator  fillers  are  found  in  some  of  these  branches,  mixeil 
in  some  cases  with  inhibitory  fibers  from  the  vagus.  The  pregan- 
glionic  portion  of  some  of  the  accelerator  fibers  ends  around  the 

*  Erlajiger,  "Ameriraii  Jounuil  of  Physiology,"  13,  372,  1905. 

t  For  the  history  iitul  literjiture  wf  i\\e  accelerator  nerves  see  Cyon,  article 
"Ctfiur,"  p.  103.  in'RU'het's  *"  Diftioimaire  de  PhvsioloEie."  1900;  or  Tiger- 
stedt,  "Lehrbui'h  tier  Phy^iologie  des  KreieJuufes,'*  260,  1)^93. 
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,  ganglion  cells  in  the  first  thoracic  ganglion,  while  others  apparently 
Ifnake  their  first  termination  in  the  inferior  eervioal  gangliorr  The 
accelerator  fil)ers  may  \ye  stimulated  in  the  spinal  roots  in  which 
they  emerge  (il.  Ill,  IV).  in  the  anniilus  or  in  sonieof  the  branches 
that  arise  fn>ni  the  annuhjs  or  from  the  inferior  cervical  ganglion 
(5.  3,  2).  It  will  be  Ixirne 
in  mind  that  no  accelerator 
fibers  are  foimd  in  the  cer- 
vical s>nipathetic  al>ove  the 
inferior  cervical  ganRlion. 

At  vftrioiL*^  times  iiivestifca- 
tow  liavo  H>*s<»rio«J  lliat  ai-cel- 
«imtor  fibers  are  containcfl  alr«o 
in  tbe  vigai^  nerve.  Thus,  it 
Ki  Miiiwri  that,  ufter  tfie 
\lyeas  of  the  inhilnton*  Hl>ei> 
I  the  heart  by  atropin,  st-iinulu- 
Plidii  nf  the  vii(pi«i'auscs  an  apcel- 
Icnttion  of  the  heart.  Little  at- 
Aon  has  liccn  j)aid  to  the 
no1op>'  of  theso  filx-iN.  sinre  it 
'fsfetn*  evident  tliat  the  great 
cpuifUiw  of  aocelerator^  \^  made 
\ia  the  •'Vtufwithplir  system. 

The  Action  of  the  Ac- 
celerator  Fibers.— In  ex- 

j)erimental  work  the  accel- 
erators are  usually  stinui- 
Iate<l  in  one  or  more  of  the 
branches  rcpres^ented  sche- 
matically as  5,  3,  2,  in  Fig. 
MC,  or  in  theannulus.  The 
lect  is  an  increase  in  the 
rate  of  Ijeat  of  the  heart, 
which  may  l>e  ven'  evident, 
amoimting  to  aa  much  as 

r70  per  cent,  or  more  of  the 
anginal  rat<»,  or  may  be  verv' 
slight.    When  acceleration  is 

"obtained  the  latent  ])eriod  is 
considerable  and  the   heart 

wiii^e»  not  return  at  once  to  itq  normal  rate  upon  cessation  of  the 
stimulus  (see  Fig.  217).  In  some  cases,  j>criiai)s  in  most  cases,  the 
effect  upon  the  heart  i.s  an  acceleration  pure  and  simple, — that  is, 
the  rate  of  beat  is  increased  without  any  evidence  of  an  increase  in 
the  force  of  the  l)eats.  The  larger  number  of  beats  is  ofTset  by  the 
smaller  am[)litude  of  each  l>cat;  so  llmt  tbe  I >loo<l- pressure  in  the 
arteries  is  unchanged.     In  other  cases  the  effect  upon  the  heart  may 


riK.  216. — Scheinklic  rrpreseDtaCion  of  ibe 
coune  of  tbe  ai:ceter&l4»r  fibers  to  the  doc's  bemrt 
— right  nide. — (Mudiliril  fnuii  Patrtmr.'i  Ttieaym* 
paiMtic  nerve  u  reprrMpnted  in  solid  blsck-  Tbff 
cuunie  of  tbe  kcfelerulor  ti)>ep<  v*  indicmtcd  by  ar- 
n>ws.  /,  Cervical  Kyiiiimtbetir  rifinbintMJ  in  tirok 
with,  10.  the  vufiut;  //.  ///,  /V,  ruini  nframuni- 
canton  from  the  tterond,  third,  nnd  ff>urth  thnincic 
npinal  nci^'c*.  carryirifl;  In(>^l  of  the  arcrlemtur  fi- 
bprn  ici  the  ^ymijalhrtif*  chain  ,  7,  uiiiiuIuh  of  Vipu.s- 
aen»;  H,  inferior  ii>rvinil  KniiKlioii ;  'J,  3.  4.  ^, 
brmiichen  from  vagUf  ninl  vaj|;tj^yiDpatbctic  trunk 
going  to  caniiao  plexiu*  («oine  of  (beee — 3.  5.^ 
carry  accelerator  nber»;   9,  the  inferior  Laryngeal 
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be  an  increase  not  only  in  rate,  but  also  in  the  foree  or  energ>'  of  the 

beiits,  or  the  rate  may  remain  imafTeoted  and  only  the  force  of  the 
heart  l>eats  l>e  mcreai?etl.  For  these  reasons  most  a\ithors  seem  to 
incline  to  the  view  that  the  accelerator  nen'^es,  so  called,  contain  in 
reality  two  sets  of  fibers,  one.  the  accelerators  prf)j>er.  whose  func- 
tion is  si]iii>jy  to  accelerate  the  rate,  and  one.  the  auKnientors.  that 
cause  a  more  forcible  l)eat.  Under  normal  conditions  we  may  sup- 
pose that  these  fibers  act  either  separately  or  in  cf>mbination. 

Tonicity  of  the  Accelerators  and  Reflex  Acceleration. — 
'j'he  results  of  the  rniKst  cnrefni  work  show,  without  doubt,  tluit  the 
accelerators  to  the  heart  are  normally  in  a  Htato  of  tonic  activity  * 
When  these  nerves  arc  cut  ujwn  tioth  sides  the  heart  rate  is  decreasc^l. 
We  must  believe,  therefore,  that  under  normal  conditions  the  heart 
muscle  is  under  the  constant  influence  of  two  antagonistic  influ- 
ences, ttiw  through  the  iniubit<iry  fibers  tending  to  slow  the  rate, 
one  thnnigb  theaccelerarnr  libers  teiuling  to  quicken  the  rate.  The 
actual  rate  at  any  jiiomenl  is  the  resultant  of  these  two  infiuenees. 


h'lK-  217. — To  ^itnw  ihp  Acoe]pration  nf  Uie  rale  tif  beart  beat  ujKin  AtimiibiliuQ  <if  the 
MOeleralnr  nerv^,  u.ud  (hi^  lr>ne  Intent  peritMl  (Acaunu);  PF,  Thn  iHilnr  lieat  rvtn^tervil  hy 
A  mvrcury  inaU'imeter  rijiirier;leil  with  the  femoral  arrt^rv.  The  ihiralu»n  of  the  t*ttmuliu> 
if*  iriilicai«vl  by  tho  brr<ai{  inarkinie  on  line  E.  Thr  hue  A  shows  the  becinniue  of  ncceleni' 
tinn.  auil  uirJicaleM  the  lima  Lal^nt  ijeriiMl. 

While  such  an  arrangement  seems  at  first  si^ht  to  Ik*  unnecessary- 
from  a  niechunical  stiuidpoint,  it  is  d(>ul>tless  iruc  that  it  possesses 
some  ilistinct  advantage,  rossibly  it  makes  the  heart  more 
promptly  resixmsive  to  reflex  recitation.  Jialanced  mechanisms 
of  this  kind  are  found  in  other  jjarts  of  the  body  where  smooth  and 
]>rompt  reactions  to  stimulati*>ti  seem  to  be  e-specially  neceasan*, — 
for  exani[jle,  the  coustri^tor  and  dilabtr  tifiers  of  the  iris,  the  ex- 
tensor and  flexor  muscles  oF  the  joints,  etc.  Physiohigists  have 
studied  ex|x*rimentally  the  effect  upon  the  heart  of  stimulating 
simultaneously  the  inhibiton-and  the  accelerator  nerves.  The  work 
done  upon  this  .subject  by  Hunt  seems  to  make  it  ver>'  certain  that 
in  all  such  cases  the  result,  so  far  as  the  rate  is  concerned,  is  the 
algebraic  sum  of  the  effects  of  the  separate  stimulations  «f  the  nerve. 
The   inhibitorv'   and   the  accelerator   fibers   nuist   be  considered, 

*  For  11  (lisrussmri  of  thin  mid  otiier  points  in  the  physioloffj"  of  the  ac- 
f-clerntop*  **ee  Hunt.  "  Aineriran  Journal  of  PKynioloj^j',"  2,  305,  IS09,  and 
•'Jounml  of  Kxperinienlal  Medifine,"  2.  151,  1897. 
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therefore,  as  true  antAgonists.  acting  in  opjjosite  ways  upon  the 
Iftiue  part  of  the  heart.  The  existence  of  the  accelerator  ne^^'e8 
mkes  possible,  of  course,  their  reflex  stinmlation.  Experimentally 
it  is  fonnil  that  stinmlation  of  various  sensor}*  nerves — those  of  the 
liuihs  or  trunk,  for  instance — may  cause  reflexly  either  an  increase 
or  decrease  in  the  heart  rate,  and  as  a  matter  of  experience  we  know 
thill  our  heart  rate  may  l>e  increased  by  various  changes,  particu- 
larly by  emotional  state.s.  The  natural  explanation  of  such  ac- 
celerations is  that  they  arc  due  to  reflex  stinmlation  of  the  nerve 
cells  in  the  central  nervous  system  which  give  rise  to  the  m-celerator 
fibers.  But  another  point  of  view  is  possible.  An  increase  in  heart 
rate  may  l)e  brought  about  either  Ivy  a  reflex  stinmlation  of  the 
accelerator  filers  or  by  a  reflex  inhibition  of  the  canlio-inhibitory 
center.  Hunt  especially  has  prcsente<l  many  exi)eri mental  facts 
which  seem  to  indicate  that  increase  in  heart  rate  from  reflex  action 
a  usually  due  to  an  inhibition  <»f  the  tonic  activity  of  the  caniio- 
inhibitorj-  center.  He  finds,  for  instance,  tltat  when  the  two 
\"api  are  cut  stimulation  iif  various  sensori'  nerves  fails  to  give  any 
increase  in  the  already  rapid  heart  rate,  while,  on  the  contrary, 
when  the  two  accelerator  jmths  are  cut  a  reflex  increase  in  heart 
rate  may  Ix*  obtaine<l  rcailily.  It  is  perhajjs  <iangerous  to  draw 
positix'e  eonclusioas  fnmi  siicli  exjM'riinents  in  regard  lo  the  work- 
ings of  these  <leiicate  ami  indep(*ndeiit  mechanisms  under  normal 
conditions,  but  since  our  only  positive  knowledge  must  rest  upon 
expenmenta  we  may  accept  tliis  result  j>rovisioaaI]y  at  least.  We 
may  assume,  therefore,  tluit  the  accclcmtor  and  the  iiihibiton' 
fibers  are  working  constantly  on  the  heart,  and  its  rate  is  the  re- 
sultant or  algebraic  sum  of  their  effo<t>?,  and  that  suiiden  clianges 
in  this  rat^,  such  as  result  from  sensorv  or  psychical  disturbances 
of  any  kind,  may  be  referred  mainly  to  a  reflex  effect  ujkiu  the  car- 
<lio-inhibitor\'  center.  When  this  center  is  stimuJatcii  to  greater 
activity,  a  slower  rate  results;  when  it  is  inhibited,  a  faster  nite. 
The  tonic  activity  of  the  accelerator  from  this  staiulpoint  acts  as  a 
more  or  less  constant  opi>osiiig  force  to  the  inhibiton'  influence, 
so  timt  this  latter  works  against  a  constant  resistance  which  may  be 
likened  figuratively  to  that  exerted  by  a  spring. 

The  Accelerator  Center. — Tlie  »u*oelemt<»r  fiJiers  wrise  priinurily  in 
tUc  central  ner\o\is  system.  Since  stimulation  of  the  upijer  cervical  rctrion 
«rf  llto  ronl  cau^e^i  iu*oeieration,  it  seein.s  cviilent  tUnt  tlie  jwith  muHt  (>egin 
*«iuewhere  in  the  bmin.  It  hn.-*  Ijeen  av^unietl  that,  like  the  inhibitor)*  til)er?», 
the  path  flt«rtA  in  the  nieiUilla,  hikI  that,  therefore,  tlie  cells  in  that  organ 
whion  give  ri«e  to  tlie  arcelerat^ir  filters  constitute  the  accelerator  center 
throuKh  which  reflex  effects,  if  any,  take  plat-e.  An  a  matter  of  fact,  the 
location  of  th&se  celU  of  oripn  has  not  t)een  made  out  ftatiHfa<*torily.  Tlie 
ni3iti4>r  ofTerK  unu>ual  diHirulty  on  the  experimental  side,  nwing  to  the  existence 
of  (he  I  :irilii»-iiihilMt«irv  center  in  ihe  nie<lulla  ami  the  al»sence  of  any  entirely 
<«ti^fAi.-tory  merhiMl  of  diMtiiif^uishinK  certainly  Itctwecn  reflex  acceleration 
through  thifi  center  and  thmugli  the  aci*elerator  cefiter. 


CHAFFER  XXXI. 

THE  RATE  OF  THE  HEART  BEAT  AND  ITS  VARU- 
TIONS  UNDER  NORMAL  CONDITIONS. 


The  rate  of  heart  heat  nhanges  f|uiekly  in  res|')onse  to  variatiori 
in  either  the  internal  or  external  conditions.  Therein  lies,  in  fact, 
the  great  value  <jf  the  regulatory  {inhiliitfjn*  and  accelerator)  ner\'es. 
Tlirough  their  agency,  in  large  part,  the  pump  of  the  circulation  is 
reflexly  adjusted  to  suit  the  changing  needs  of  the  organism  and 
adapted  more  or  less  siu'ressfully  to  alterations  in  the  external 
environment.  The  variations  in  the  rate  of  l>eat  may  be  considered 
under  three  genend  heads:  {1}  1^'ixed  atljustment^  to  the  <lifferent 
mechanical  comlitioiLs  of  the  circulation.  (II)  Variations  caused 
by  reflex  effectfi  upon  the  inhibitory  or  accelerator  ner\'es.  (Ill) 
Variations  caused  by  changes  in  the  physical  or  chemical  conditions 
of  the  hlood. 

The  Fixed  Adjustments  of  Rate. — When  we  speak  of  the 
normal  pulse  rate  we  mean  the  rate  in  an  adult  when  in  a  condition 
of  mental  and  bodily  repose.  Examination  shows  that  under  these 
circumstances  there  are  great  individual  variations.  The  average 
normal  rate  for  man  may  be  estimated  at  70  l^eats  per  minute; 
for  woman,  78  to  80  beats;  but  the  normal  rate  for  some  individuals 
may  be  much  lower  (50)  or  niucli  liigher  (1)0).  Among  the  condi- 
tions for  which  the  heart  rate  shows  a  certain  constant  fixed  adapta- 
tion  the  following  may  Ije  mentioned: 

Vfiruitions  jnth  Sex. — The  average  pulse  rate  in  women  is.  i\s 
a  rule,  higher  than  that  in  men,  and  this  tUfference  seems  to  hold 
for  all  |>eriods  <if  life. 

Venations  wilh  Sixe. — ^Tall  individuals  have  a  slower  pulse 
rate  than  short  i>ersons  of  the  same  age.  Several  observers  have 
thought  that  they  could  detect  a  constant  relationship  between 
size  and  pulse  rate.  Thus,  Volkmann  l>elieved  that  the  pulse 
rate  varies  inversely  as  the  five-ninth  jmwer  of  the  height.  In 
the  same  direction  it  is  found  that  small  animals,  as  a  rule,  have 
a  higher  pulse  rate  than  larger  ones.  Thus,  elephant,  25-28; 
horse  and  ox,  36-50;  sheep,  60-.S0;  dog,  100-120:  rabbit,  150; 
small  n)dent8,  175  or  more.  It  woulri  seem,  from  these  facts,  that 
the  fast  rate  in  the  small  animals,  with  their  shorter  eirculator>' 
path  and  smaller  volume  of  blood,  is  necessary  to  the  mecliauical 
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fulfillment  of  the  functions  of  the  blood,  anil  has  been  preserved 
by  natural  selection. 

Van<Ui4ms  with  Age, — In  line  with  the  last  condition  it  is  found 
in  man  that  the  pulse  rate  is  highest  in  infancy,  sinks  quite  rapidly 
at  ftret  and  then  more  slowly  up  to  adult  life^  and  rises  again 
slightly  in  very  old  age  at  the  time  that  the  body  undergoes  a 
perceptible  shrinkage.  The  most  extensive  dat*  u]yon  this  f3oint 
arc  found  in  the  works  of  the  older  oljservers.*  According  to  Guy, 
a  condensed  8unmiar>*  *)f  the  average  result.*?  obtained  at  different 
periods  of  life,  both  sexes  included,  niay  be  given  as  follows; 

At  birth HO 

Infanry , 120 

Cl.il.ihuod 100 

Youth 90 

Adult  age     75 

Old  age     70 

Extreme  age 75-80 

The  Variations  in  Pulse  Rate  Efifected  through  the  In- 
hibitory and  Accelerator  Nerves. — Most  of  the  siuldon  adaptive 
changes  of  the  heart  rate  come  under  this  head.  In  the  labonttory 
we  find  lliat  stimulation  of  all  sensory  nerve  tnmks  may  affect 
the  heart  rate,  in  some  cases  increasing  it,  in  others  the  reverse. 
In  life  we  find  that  the  pulse  rate  is  ven-  responsive  to  oiu*  changing 
sensations  and  cs|)ecially  to  mental  conditions  that  indicate 
deep  interest  or  emotional  excitement.  In  a  previous  paragraph 
(p.  524)  the  physiological  cause  of  this  effect  has  been  tHscussed 
briefly.  It  may  arise  either  from  a  reflex  excitiition  of  the  accelera- 
tor nerves  or  a  reflex  inhibition  of  the  tonic  activity  of  the  inhibitory 
nerves.  The  facts  at  present  seem  to  favor  this  latter  explanation. 
In  addition  to  these  reflexes  dissociated  with  conscious  states  the 
heart  is  susceptible  U^  reflex  influences  of  a  totally  unconscious 
character  connected  with  the  states  of  activity  of  the  visceral  organs. 
For  e,xaraple,  after  meals  the  heart  beat  increases  usually  in  rate 
and  cepecially  in  force  of  l>eat,  thereby  counteracting  the  effect  on 
blood  pressure  of  the  large  vascular  dihitation  in  the  intestinal  area. 

VanniwfLS  in  Heart  Rate  with  the  Condition  of  Blood-pressure, — 
It  has  long  l)een  known  that  when  the  blood -pressure  in  the  arteries 
falls  the  pulse  rate  increases  antl  when  it  rises  the  pulse  rate  de- 
creases. Thus,  the  low  blood-pressure  that  is  characteristic  of 
the  condition  of  surgical  shock  is  iissocialed  with  a  very  rapid 
rate  of  heart  beat.  There  is  a  certain  inverse  relationship  between 
pressure  and  rate  which  has  the  characteristics  of  a  purpoeeftd 
adaptation.  The  (luicker  pulse  rate  following  \i\^n  the  low  pressure 
tenila  to  increase  the  output  of  bhxxl  and  raise  the  pressure.     There 

•See  VoUunarm.  "Die  H&inotlvnamik,"  p.  427.  1K50;  also  Guy,  article 
"Pulee"  in  Todd'a  "  Cyclopiedia  of  Anatomy  oiid  PhyHiology,"  1847-49. 
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was  formerly  much  discussion  as  to  whetlier  this  relationship  is 
brought  alK>ut  by  reflexes  through  the  extrinsic  nerves  of  the 
heart  or  whether  it  is  due  to  some  direct,  perhaps  mecJianioalf 
effect  upon  the  hejirt.  The  experiments  of  Newell  Martin  upon 
the  isolated  heart  seem  to  have  settled  the  matt-er  satisfactorily.* 
By  a  method  devised  by  him  he  kept  dogs'  hearths  heating  for 
many  hours  when  isolated  from  all  connections  with  the  body 
except  the  lungs,  ruder  these  conditions  it  was  found  that  even 
extreme  variations  in  hi  nod-pressure  did  not  affect  the  heart  rate. 
Consefjuently,  the  variation  tliat  does  take  place  under  normal 
conditions  must  be  due  to  a  reflex  stimulation  of  the  cardiac  nerv'es. 
The  origin  of  the  sensor>'  stimuhis  in  this  reflex  is  not  clearly  known; 
possibly  the  sen-snr\'  nerves  of  the  heart  itself  are  stimulated  or 
sensorv'  filjers  tlistributed  to  the  root  of  the  aorta. 

Varkxtlons  with  Muscidar  [Hxcrcise. — It  is  a  matter  of  everA'day 
experience  that  the  heart  rate  increases  with  mus<»ular  exercise. 
A  simple  cliange  in  posture,  in  fact,  suffices  to  affect  the  heart 
rate.  The  rate  Is  higher  when  standing  (80)  than  when  sitting 
(70)  and  higher  in  this  latter  condition  than  when  lying  down 
(66).  Umusual  exertion,  as  in  running,  causes  a  ver>-  marked  and 
long-lasting  increase  in  the  pulse  rate.  The  purposeful  cluinic- 
ter  of  this  aduptat  ion  is  very  evident.  Increase  in  muscular  activity 
calls  for  a  more  rapid  circulation  to  supply  the  ox>'gen  and  other 
elements  of  nutrition,  but  the  physiological  mechanism  by  which 
this  adai)tation  is  obtained  is  not  exphiined  satisfactorily.  Johans- 
son,! who  has  studied  the  matter  carefully,  concludes  that  the 
effect  is  <lue  mainly  to  two  causes:  First,  to  the  effect  of  the  chem- 
ical products  of  metabolism  in  the  active  muscle,  which  are  given 
off  to  tlie  circulation  and  are  then  carried  to  the  nerve  centers 
where  they  affect  the  cardiac  nerves,  or  possibly  to  an  effect  of 
these  metab<jlic  fjroducts  on  the  heart  directly.  He  considers  this 
factor  as  of  relatively  subordinate  importance.  Second,  the  chief 
factor  is  found  in  an  iissociatCLi  activity  of  the  accelerator  nen'es. 
That  is.  the  discharge  of  impulses  along  the  voluntary  motor  paths 
(pyramidal)  sets  into  activity  at  the  same  time  and  pmjxirtionally 
the  center  of  the  accelerator  nerve  fibers.  Hering,  J  on  the  con- 
trary, gives  experimental  evidence  for  the  view  that  the 
increase  in  heart  rate  after  exercise  is  due  to  a  reflex  stim- 
ulation of  the  accelerator  nerves  of  the  heart.  After  pro- 
longeci  or  excassive  muscular  exertion  the  heart  rate  remains 
accelerated  for  a  considerable  period  after  cessation  of  the  work. — a 
fact  which  would  indicate  some  long-lasting  influence,  such  as  is  im- 

♦  Martin,  "Stiulies  fmm  tlie  Biolnpral  Lahoraton*.  Johns  Hopkins  Vni- 
veraity,"  2,  213,  1SS2;  also^'Collet^ted  PliysioloKical  Piipers."  p.  2h.  1895. 
t  Johumison,  *'8kaniliimvi.'jchM  .\rchiv  f.  Pnvaiologie,"  5,  20,  1896. 
%  "Centralblatt  f.  Pnyaiologif,"  8,  75,  1JW4.  ' 
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pHed  in  the  first  factor  given  above, — the  effect  of  the  products  of 

muscular  metabolism. 

Varialiofis  with   the  Gaseous  Canditioris  of  tfw  ElotxL — In  con- 
ditions of  asphj'xia   the  altered   gaseous    contents    of  the   blood 

increase  in  (X),  and  decrease  in  O,.  act  upon  the  mecluilan-  centers 

nf  the  canliac  nerves,  causuig,  first, 

an  increase  and  then  a  decrease  in 

lieart  rate. 

The  Variations  in  Pulse  Rate 

Due  to  Changes  in  the  Composi- 
tion or  Properties  of  the  Blood.  - 

The  condition  under  tins  head  that 

hus  the  most  marked  infhtence  upon 

the  heart  rate  is  the  temperature  of 

the  bloiKi.     Speaking  generally,  the 

rale  of  f)eat  increases  regularly  witii 

the    temperature  of    the   blood    or 

other  ciriMiJnting  li(iuid  up  to  a  cer- 

tain  optimum  temi»cmturc.     On  the 

heart  of  the  cold-blo*)de<I  animal  this 

relationship  is  easily  dcnionstnited 

by  supplying  the  lieart  with  an  arti- 
ficial circulation  of  Ringer's  solu- 
tion, which  can  be  heatetl  or  cooletl 
at  pleasure.  The  rate  and  force  of 
the  !>eat  increase  to  a  maximum, 
which  is  reached  at  about  'M)^  C. 
(»ee  Fig.  218).  I-Jeyond  this  ojiti- 
muni  temperature  the  l)eat3  decreasi* 
in  force  and  also  in  rate,  l^ecoming 
irregular  or  fibrillar  before  the  heart 
finally  comes  to  rest.  Newell  Mar- 
tin* has  shown  the  sivme  relation- 
ship in  a  ver>'  conclusive  way  upcjn 
the  isolated  heart  of  the  dog, 
Within  physiological  limits  the  rate 
of  l>eat  rises  and  falls  substantially  parallel  to  the  variations  in 
temperature  as  is  shown  by  the  chart  reproduceii  in  Fig.  219.  The 
accelerated  heart  rate  in  fevers  is  therefore  <lue  prolmbly  to  the 
direct  influence  of  the  high  temperature  upon  the  heart  itself.  The 
same  ob8er\'er  detenrninod  experimentally  the  upper  and  lower 
lethal  limits  of  temperature  for  the  mamnvalian  heart.    Tlie  exj^eri- 

ments  were  made  upon  cats'  hearts  kept  alive  by  an  artificial  circu- 

•  M&rt in,  "Croon iiui  I^ecture,  Philoe^onhical  T^an^*a<■tion5,  Roval  Society,** 
London.  174,  603,  1883;  also  *'CoUected  rhv^ioloRical  Papen*."  p.  40,  1896. 
34 


Kilt.  2IK  —  In  i*Jio»  the  efftvt  uf 
t^[tt|wraiurr  tin  the  rate  nnd  Utrc*  of 
(lie  heart  best.  Contraction^  of  the 
termiiin'M  ventricle  nt  <liffprfnt  tent- 
pemturfw.  Kvniucmph  muvinic  at 
the  Muiw  tt|jc«d.  At  .')0*^  the  rute  it 
Mill  incrvAMnc.  but  the  extent  of  cijn- 
Iraeiion  ha.«  pafwetl  it6  optimum. 
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H            lation  through  the  coronary  arteries.*     It  was  found  that  the  liigh-        ■ 
H            est  temperature  at  which  the  heaH,  will  l>eat  is  about  44°  to  45^  C,         I 
^^^   ^aJthough  a  sHghtly  higher  teniiwrature  may  be  withstood  under         1 
^^^AlBpecial  conditions.     At  the  other  extreme  the  mammalian  heart        1 
^^^^^^ses  to  beat  when  the  temperature  falls  as  low  as  17°  to  18°  C.         ^J 
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The  rate  of  the  heart  l>eat  may  be  influence 
stances  added  to  the  hjood.  The  influence  of  a 
have  already  been  alhuled  to.  but  changes  alsc 
stituents  of  the  blooti  may  have  similar  effects, 
the  sodiiun  carbonate  of  the  blood  affects  the 
larly,  however,  in  reganl  to  the  anijjlitude  or  for 

•Martin    and    AppieRnrlli,   "Stmlie^   from   the 
JohiiH   Hopkins   rniversiiv/'  4,   275,   1890;    also  " 
Papers/'  p.  97,  1895. 

<1  also  by  many  sub-       V 
troj)in  and  muscarin        I 
>  in  the  nonnal  con-        1 
Thus,  an  increase  in       I 
heart  beat,  particu*       1 
ce  of  the  contraction.       1 

Biolof^ntl    Lttboralon',        H 

Collected   Physiologifal  ^^H 

CHAPTER  XXXII, 

THE  VASOHOTOR  NERVES  AND  THEIR  PHYSIO- 
LOGICAL ACTIVITY. 


During  the  first  half  of  the  nineteenth  centun'  the  physical  or 

^Oiechanical  conditions  of  tiie  circula(i<ni  were  carefully  studied  and 
it  emphasis  was  laid  upon  such  i>ro[)erties  as  the  eiasticity  of 
the  coats  of  the  veawls.  The  physical  adaptuhilily  tlicreby  cihi- 
ferred  upon  the  vascular  tulles  was  thought  to  be  sufficient  for  the 
purposes  of  the  circulation.    We  now  know  that  many  of  the  hlood- 

^TeBBdsare  supplied  with  motor  and  inhibitory  nerve  fibers  through 
rhose  activity  the  size  of  the  vascular  \)t'd  and  the  diytributicm  of 

ll)lood  to  the  various  organs  arc  rcgulntetl.  We  know,  also,  that 
without  this  nervous  contnJ  the  vascular  system  fails  /ntirel\*  to 
meet  what  seems  to  l>e  (he  most  important  condition  of  a  nonnal 
circulation,— namely,  the  maintenance  of  a  high  arterial  pressure. 
Althouji;h  a  numlHT  of  [>hysi()lo>^tsts  had  assumed  the  existence  of 
ner\'e  fibers  capable  of  acting  upon  the  muscular  coats  of  the  blood- 

I  vessels,  the  experimental  jiroof  of  the  existence  of  such  nerves, 

land  the  beginning  of  the  niodern  development  of  the  theory-  of 
vasonmtor  regulation  were  a  part  of  (he  brilliiint  contributions  to 
physiology'  made  by  Claude  Hernard.*  In  l.Sol  Bemani  discovered 
that  when  the  sympathetic  nerve  is  cut  in  the  neck  of  a  rabbit  tiie 
blood-vessels  in  the  ear  on  the  same  side  l>ecome  vcr>'  much  dilated. 
He  and  other  observers  afterward  showe<l  that  if  the  [peripheral 
(head)  end  of  the  served  nerve  is  stinuilaled  elci'trifully  the  ear 
becomes  blanched,  owing  to  a  constriction  of  the  blood-vessels. 
Thus  the  existence  of  vdstK-nnstrictor  nerve  fil)ers  to  the  blood-vessels 
was  demonstrated.    A  vast  amount  of  exp>eriniental  work  has  been 

'done  since  to  ascertain  the  exact  distribution  of  ffiese  fibers  to  the 
various  organs  and  the  reflex  conilitions  umier  which  they  function 
normally.  Few  subjects  in  physiolog>'  are  of  more  practical  im- 
jMirtance  to  the  physician  than  that  of  vasomotor   regulation;   it 

,  plays  such  a  large  and  coastant  part  in  the  normal  activity  of  the 
variotis  organs,  liemard  was  doubly  fortunate  in  l>eing  the  first 
to  demonstrate  the  existence  of  a  second  class  of  ner\*e  fibers,  which, 
when  stinuilated,  cause  a  tlilatation  of  the  bloml-vessels  and  which 

•  See  "Life  of  (  luuUe  Bernard."  by  Sir  Michael  Foster,  1«99,  in  the  series, 
"Martcfw  of  Mttlicine." 
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are  therefore  flesignated  as  vasodilator  nerve  fibers.  This  dbcovery 
was  made  in  connection  xWth  the  chorda  t>Tnpani  nen'e,  a  hranch-j 
of  the  facial,  which  sends  secreton'  fillers  to  the  snbniaxillar>*  gland. 
When  thifl  nerve  is  cut  antl  the  peripheral  end  is  stimulated  a  seere- 
tion  of  saliva  results  and  at  the  same  time,  as  Bemanl  showe*!.  the 
blood-vessels  of  the  gluu<l  dilate;  the  flow  of  b]o4>d  is  greatly  in- 
cretised  in  the  efferent  vein  arnl  may  even  show  a  pulse. 

In  the  nervous  rej^ulation  of  the  bloo<l-vessels  we  have  to  eon- 
sider.  therefore,  the  existence  ancJ  physiological  activities  of  two 
antagonistic  sets  of  nerve  fibers:  First,  the  vasoconstrictor  fibers, 
whose  action  causes  a  rontraction  of  the  nuiscidar  coats  of  the  ar- 
teries and  therefore  a  diminution  in  the  size  of  the  vessels.  Second, 
the  vasodilator  nen'e  fibers,  whose  action  causes  an  increase  in  size 
of  the  blood-vessels,  due  probably  to  a  relaxation  (inhibition)  of  the 
muscular  coats  of  the  arteries.  Before  attempting  to  de.scribe  the 
jirescnt  state  of  our  knowledge  upon  these  [wints  it  will  l>e  help- 
ful t(»  refer  to  some  of  the  metho<Is  Ijv  means  of  which  the  exielenoe 
of  vasomotor  fibers  luis  been  detnonstrated. 

Methods  Used  to  Determine  Vasomotor  Action. — The 
simplest  and  most  direct  proof  is  obtained  from  mere  inspection, 
when  this  is  possihle.  If  stimulation  of  the  nerve  to  an  oi;gan 
causes  it  to  blanch,  the  presence  of  vasoconstrictor  fibers  is  dem- 
onstrated unless  the  organ  Is  muscular  and  the  blanching  may  \>e 
regarded  as  a  mechanical  result.  ( )n  the  other  hand,  if  stimulation 
of  the  tu*r\'e  to  an  organ  causes  it  to  }>erorne  congestcNl  or  flushed 
with  blood  the  presence  of  vasodilator  fibers  may  ^^  acccpt-e<l.  It 
is  obvious,  however,  that  this  niethoU  is  applica1>te  in  only  a  few 
instances  and  that  in  no  case  does  it  lend  it-self  to  ((uantitative 
study.  2.  Vasomotor  efTects  may  be  *.letermine<l  by  measur- 
ing the  outflow  of  hlood  from  theveiiis.  If  stimulation  of  the 
nerve  to  an  organ  causes  a  tlecrease  in  the  flow  of  blood  from  the 
veins  of  that  organ,  this  fact  implies  the  existence  of  vasoconstrictor 
fibers,  while  an  opposite  result  indicates  vasodilator  fillers.  3. 
By  variations  in  arterial  and  venous  pressures.  Wlien  vaso- 
constrictor fibers  are  stimulated  there  is  a  rise  of  pressure  in  the 
arter>'  supplying  the  organ  and  a  fall  of  pressure  in  the  veins 
eiuergiuK  from  the  organ.  This  result  is  what  we  should  expect  if 
th<f  constriction  takes  place  in  the  region  of  the  arterioles.  The 
diminution  in  size  of  these  vessels  by  increasing  jteripheral  resistance 
augments  the  internal  pressure  on  the  arterial  side  of  the  resLstance, 
and  causes  a  fall  of  side  pressure  on  the  venous  side  (see  p.  462). 
If  the  area  involved  is  large  enough  the  increased  resistance  will 
make  a  perceptible  difference  in  pressure,  not  only  in  the  organ 
supplied,  but  also  in  the  aorta;  there  will  be  a  rise  of  general  (dias- 
tohc)  bloo<l-pressure.     On  the  other  hand,  a  vasodilator  action  in 
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any  organ  is  accomijanial  by  the  reverse  changes.  Peripheral 
reeifltance  being  diminishetl  there  will  lie  a  fall  of  pressure  on  the 
arterial  side  and  a  rise  of  pressure  on  the  venous  side.  When, 
therefore,  the  stimulation  of  any  nerv'e  brings  alx)ut  a  rise  of 
arterial  pressure  that  ran  not  l^  referred  to  a  change  in  the  heart 
Ijeat  the  inference  ma^le  is  that  the  result  is  due  to  a  vasocon- 
striction. When  the  ineth'Ml  is  applied  to  a  definite  organ— the 
brain,  for  instance — it  Ixromes  4'oticlusive  only  when  simultaneous 
observations  are  made  upon  the  j^ressure  in  the  artery  and  the  vein 
of  the  organ,  and  proof  is  obtains  I  that  the  pressures  at  these  points 
var>*  in  opfxjsite  directions.  4.  Bj'  observations  upon  the  vnhune 
of  the  organ.  It  is  obvious  that,  other  conditions  rcmaitiing  un- 
changed, a  vasoconstriction  in  an  organ  will  be  accompanied  by 
a  diminution  in  volume,  and  a  vasodilatation  by  an  increase  in 
volume.  This  method  of  studying  the  blood-supply  of  an  organ  is 
designated  as  plcthysmoffraphy,  and  any  instrument  designed  to 
record  the  changes  in  volume  of  an  organ  is  a  pltthysmoip-aph.^ 
l^lethysmographs  have  been  designetl  for  special  organs,  and  in  such 
cases  they  have  sometimes  been  given  sfieeial  names.  Thus,  the 
plethysmograph  used  \\\)ox\  the  kidney  and  spleen  has  lieen  tlesig- 
nated  as  an  oncometer.  The  precise  form  and  stnicture  of  a 
plethysmograph  varies,  of  course,  with  the  organ  stiulietl,  but 
the  principle  used  is  the  same  in  all  cases.  The  organ  is  inclosed 
in  a  box  with  rigid  walls  that  have  an  opening  at  some  one 
podnt  only,  and  this  n[)ening  is  placed  in  connection  with  a  recorder 
of  some  kind  by  tubing  with  rigiil  walls.  The  connections  between 
recorder  and  plethysmograph  and  the  space  in  the  interior  of  the 
latter  not  occupied  by  the  organ  may  be  filled  with  air.  or  as  is 
mon^  usually  the  case  witli  water.  The  i<lea  of  a  plethysmograph 
may  l»e  ilhistrated  by  the  skidl.  This  structure  fonns  a  natural 
plethysmograph  for  the  brain.  If  a  hole  is  bored  through  the  skull 
at  any  ^x)inl  anti  n  connection  is  then  made  with  a  recorder  of  some 
kind,  such  as  a  tambour,  the  volume  changes  of  the  brain  may  be 
rwcorded  surce.ssfullv. 


Tlie  plethysmograph  generally  employed  in  lal>oratorieH,  particularly  for  in- 
\'osligiiiioiis  on  man,  is  some  mcKiification  of  ihe  form  ilevised  by  Mossn  laee 
Fig.  220t  Tlip  hAiicI  Hfid  more  or  Ies8  of  the  arm  in  placed  in  a  glas^  cylinder 
whirh  U  .fwung  freely  frr>in  a  support.  The  opening  arouni)  iho  ami  i*-  t^hut 
off  by  tt  ruff  of  nibber  dam  that  mu-st  i)e  rhcw^en  of  such  u  sire  iw  to 
fii  the  arm  Kntigly  without  i>(>nipre»sioii  of  the  ^u|)erf)('ial  veins.  Hie 
forward  end  <»f  iht*  plethv'^mi 'graph  i«  coimet'teti  by  tubing  with  t\  re- 
r«fd«r.  Througli  appropriate  o|>eningH  the  cylinder  and  cminecttng  tubce 
ar»  filled  witti  warm  water  and  then  all  opeiiinfc*  are  closed  except  the 
one  leading  to  the  recorder.  Any  iuc^ea^*e  in  volume  of  the  arm  \*in  drive 
from    tlie    piethyHiiii>graph    to    the   reconler,  and   any    dcrrca?*e,   on 

thi*»  method,  flee  Fran^ow-Franck- 


•  Korado*criptiori  of  the  development  of  thi* 
Morey's  "Trmvnux  du  Kul»oraloire,  '  187(S,  p.  1, 
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be  an  increase  not  only  in  rate,  but  also  in  the  force  or  energ>*  of  the 
heats,  or  the  rate  may  remain  imaffccted  ami  only  the  force  of  the 
heart  heats  be  increased.  For  these  reasons  most  authors  seem  to 
incline  to  the  view  that  the  accelerator  nerves,  so  called,  contain  in 
re^Hty  two  sets  of  fibers,  one,  the  accelerators  proper,  whose  func- 
li<iii  is  siinf)ly  to  accelerate  ?he  rate,  and  one.  the  augnientors,  that 
cause  a  more  forcible  Ijciit.  Tndcr  ncjnnal  conditions  we  may  sup- 
pose that  tlicse  HljcrH  act  either  separately  or  in  conihination. 

Tonicity  of  the  Accelerators  and  Reflex  Acceleration. — 
The  results  of  the  n^xsl  careful  work  show,  witliout  doubt,  that  the 
acfclcnitors  to  the  fieart  are  iioruially  in  a  ,state  <»f  tonic  activity.* 
When  these  nerves  are  cut  ujHin  Uith  sides  the  heart  rate  is  decrea?ed. 
We  must  believe,  therefore,  that  under  normal  conditions  the  heart 
muscle  is  under  the  constant  influence  of  two  antagonistic  influ- 
ences, one  throufrh  the  inlui>itory  fi!>ers  tending  t^>  slow  the  rate, 
one  thniUgii  the  accelerator  iiiiei*«  tendiiiK  t*>  fjuicken  the  rate.  The 
actual  rate  at  anv  moment  is  the  resultant  of  these  two  influences. 


Fi«.  217. — To  mIhiw  iUp  Acrelpraiioii  of  the  rnie  of  heart  Ijeut  up'in  -timulnlion  of  th$ 
Avcelentor  nen-e.  t.rit)  the  lonx  liituni  periol  (Bfaunvi)-  PF,  The  pulse  Itcat  rvftL'-t4>mi  by 
a  mercury  msJinnieter  riHinect*'!  with  the  feniural  artery.  Tlie  durat'iun  of  U»e  stimulus 
\i*  indicated  by  x\\e  hn>u<l  inarkiiiK  on  hne  E.  The  line  A  shown  the  befonning  of  noe«lera- 
lion,  and  indicates  the  luntc  latent   ijehod. 


While  such  an  arrangement  seems  at  first  sight  to  be  mmecessart' 
fmm  a  mechanical  staiidjM)inl.  it  is  douI»tless  true  that  it  jjossesses 
some  distinct  advaiitagtv  Possibly  it  makes  the  heart  tnore 
promptly  re.sj.K>nsive  to  reflex  regulation.  Jialanced  mechanisms 
of  this  kind  are  found  in  other  part*j  of  the  body  where  smooth  and 
pnim|>t  reactions  to  stimulation  seem  to  be  especially  necessary, — 
f(*r  exaiTijile,  the  con.strictor  and  dilator  fil)ers  of  the  irin,  the  ex- 
tensor and  flexor  niusi-les  of  the  joints,  etc.  Physiologists  have 
studied  exj)erirncntaily  the  effect  upon  the  heart  of  stimulating: 
simultaneously  the  inlul>itorA'  and  the  accelerator  nerves.  The  work 
doin-  tipon  this  subject  by  Hunt  seems  to  make  it  ver}'  certain  that 
in  all  such  cases  the  result,  so  far  as  the  rate  is  concerned,  is  the 
algebraic  sum  of  the  effects  of  the  sefmrate  stimulations  »f  the  nerve. 
The  inhibit^try  and   the  accelerator  fibers  nuist  be  consiiiered, 

♦  Vox  a  fliwrtission  of  tliif*  and  other  point-*  in  tlie  physiolofC>'  nf  the  »<•- 
oolerators  see  Hunt.  "Arncrii-iin  JniinuU  nf  I'liyniologj'/'  2,  396,  1899,  uiid 
"JniiniHl  of  K\i)erin)en!iil  Meiiirine,"  2.  151,  IS97. 
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^^nrfore.  as  true  antagonists,  arting  hi  op|X)site  ways  u\)ou  the 
^■ne  part  of  the  heart.  The  existence  of  the  accelerator  nerves 
uiakeB  pOBsible,  of  course,  their  reflex  stiniulatioiK  Exjjerimentally 
it  w  foumi  that  Rtimiihition  of  various  sen.sor>'  nerves — those  of  the 
liuilis  or  trunk.  forinsUiuce — may  cause  reflfxiy  either  an  increase 
or  decrease  in  the  heart  rate,  and  as  a  matter  of  cxi>ericnce  we  kuow 
that  our  heart  rate  may  l»e  increased  Ijy  various  changes,  particu- 
larly by  emotional  states.  The  natural  explanation  of  such  ac- 
cclerati<ins  is  that  they  are  due  to  reflex  stiruuhition  of  tlie  ner\'e 
cdls  in  the  central  nervous  system  which  give  rise  to  the  accelerator 
fillers.  Hut  another  pt)int  of  view  is  jiossible.  An  increase  in  heart 
rale  may  l)e  brought  alK)Ut  either  by  a  reflex  stinuilation  of  the 
aceelerator  fibers  or  by  a  reflex  inhil)ition  of  the  caniiiHinhibitory 
center.  Hunt  especially  hixs  presented  many  exj>erirnental  fact^s 
which  seem  to  indicate  that  increase  in  heart  rate  from  reHex  action 
is  usually  due  to  an  inhibition  of  the  tonic  activity  of  the  cardio- 
inhibitor>-  center.  He  finds,  for  instance,  that  when  the  two 
vajfi  are  cut  stimulation  of  varioas  sensory  nerves  fails  t^>  give  any 
increase  in  the  already  nipid  heart-  rate,  while,  on  the  contrary, 
M'hen  the  two  accelerator  patiis  are  cut  a  reflex  increase  in  heart 
rate  may  be  obtained  readily.  It  is  perha])s  dangerous  to  draw 
positive  conclusions  fronj  such  exix»riment^s  in  regard  to  the  work- 
ings of  these  delicate  ami  indeiR^ndent  rnechanisius  under  normal 
eonditioas,  but  since  our  «»nly  pot;iti\o  knowledge  must  rest  upon 
experiments  we  may  accept  this  result  pnnisionally  at  least.  We 
may  assume,  therefore,  that  the  accelerator  and  the  inhibitor}' 
fibere  are  working  constantly  on  the  heart,  and  its  nite  is  the  re- 
sultant or  algebraic  sum  of  their  efTe<*t^.  and  that  sudden  changes 
in  this  rate,  such  as  result  from  sensor>'  or  psyrhical  disturbances 
of  aiiy  kind^  may  be  referre<l  mainly  to  a  reflex  efTet^t  u|>on  the  car- 
dio-inhibitory  center.  When  thLs  center  is  stiniulateii  to  greater 
activity,  a  slower  rate  results;  when  it  is  inhibifeti,  a  faster  rate. 
The  tonic  activity  of  the  accelerator  from  this  stand|>oint  acts  as  a 
t&orc  or  less  constant  opposing  force  to  the  inhibitory  influence, 
flo  thiit  this  latter  works  against  a  constant  resistance  which  may  be 
likeue<i  figuratively  to  that  exerted  by  a  spring. 

The  Accelerator  Center. — The  arcelemtor  fillers  ari>e  pritnnrily  in 
Wif  f-entnil  iier\'otH  'v-^tciii.  Since  .-^ttiiuilatinti  of  ttie  iipi>er  cervical  rcfcioii 
4«f  the  ronl  raiL'^e^  acceleration,  it  tteem^  evident  that  the  T>ath  must  l^eftin 
^«oiiit*wViere  in  the  hrnin.  It  has  lieeii  a't^umed  that,  like  the  inliihitory  filier*, 
tlic  path  !«t«rt.'*  in  the  mettulla,  and  that,  therefore,  the  cells  iit  thul  orf^an 
\«liirii  (five  riwe  to  the  accelerator  fWiers  constiHile  the  accelerator  center 
tlimuKh  which  reflex  effe^'t-;.  if  any,  lake  plai-e.  As  a  matter  of  fact,  tlie 
liM-alion  of  the^«  celU  of  origin  has  not  l>een  made  out  salisfaHorily.  The 
matter  ofTen^  uniLMual  difficulty  on  the  experimental  ^ii<le,  owinj;  to  the  existence 
cif  the  canho-inhibiton'  center  in  the  medulla  and  the  alMence  of  uJiy  entirely 
i»nii>faotorj'  method  of  distin(f»iishing  certainly  l>etweeii  reflex  ucoelerution 
thn>ii|;h  thin  center  and  thn>ugli  the  acc*elerator  center. 
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tJie  ('oiitrur>',  will  suck  water  from  tlie  recorder  into  the  plethysinograf>h. 
In  ilie  uullu>r'b  laboratory  a  nitniihcatioii  that  han  l.)6en  fouiui  uiuct  conve- 
nient Ls  represeuteti  in  Kip.  221.  To  avoid  escape  of  water  at  the  upper  end 
of  the  tuiie  and  at  ihe  same  time  to  prevent  coinpression  of  the  veins  of  the 
arm  a  vor>'  thin  ruhher  j|;love  with  long  Kauntlet  is  used.  The  gauntlet 
is  strengthenet!  by  cufT^  of  dajn  Ivihing,  li.-*  shown  in  the  illustration,  and  all 
art"  reflecteii  over  the  eiul  of  the  plethysmopraph.  The  outer  cuff  (3)  may 
be  omilteH,!.  The  liaiiil  is  inserted  ititi»  the  rylimler  and  is  heUl  in  pUwe  by 
flexing  ttie  linjfei>  tliroii|i;li  the  rin^fi.  Tiie  i^etliy^sino^rupli  bein^:  suspended 
freely  from  the  cciUng.aiiy  niovement  of  the  arm  will  move  the  in.stnimeitt  as 
a  whole  without  dislurbinjt  the  portion  of  the  ann  in  the  instrument.  By 
means  of  ringf*of  hard  ruhber(jD,/i'),  one  5ttiaf(  around  the  rim  of  the  plethyr?- 
tnogruph  anfl  the  other  adapted  more  or  less  closely  to  the  size  of  the  forearm, 
the  renet'ted  portion  of  the  gauntlet  ami  cuff  us  lieUl  in  place  and  prevente*! 
from  Bi\'inK  way  readily  to  any  rLse  of  pressure  in  the  plethy^mograph.     The 


Fif.  320. — A  Hcbematic  diaKnun  of  Mosuo's  plethysmoKmnb  for  thearmn:  a,  thedaa 
cylinder  for  the  arm,  with  rul>lx;r  iJeeve  tuid  twu  tubuluiure^t  for  filling  with  wsnn  wat«r: 
Ji.  the  spiral  iipring  ttwiiifonft  the  xe^t.  tube.  t.  The  ^prinu  i.-<  m»  caUhratod  that  tbe  tevti  of 
toe  liquid  in  the  teKt  tube  above  tiie  anii  remains  unciuuigcii  a«  tbe  tube  ia  fiUed  and 
emptied.     Tbe  mavementA  of  (be  tube  ure  recunled  uu  a  drum  by  the  wriiins  puiot,  p. 


interior  of  the  latter  is  coiine<t€<l,  as  shown  in  Fig.  220,  to  a  test  tube  tiwunjt 
by  M  spiral  spring  (Bnwditch's  recorder).  The  spring  is  so  wjitiMted  by  trial  that 
it  sinks  and  rises  exactly  in  proportion  to  the  inflow  or  outflow  of  water.  Bv 
this  means  the  level  of  the  wsiterin  the  tnlje  is  kept  ciHistant,  and  since  the  jkjsi- 
tion  of  this  level  detenivines  the  pressure  nptm  the  ont.-^ide  uf  the  arm  in  the 
plethysmof^raph  this  pressure  is  also  kept  cnnstunt  indejiemlcntly  of  the 
changes  in  vomine  of  the  ann.  The  level  shotdd  lie  set  m  the  lie^cinnint; 
ao  as  to  make  a  slight  jKisitive  pressure  on  the  ann  suthcient  to  flatten 
the  tliin  glove  to  tlie  skin  and  tliiLs  drive  iiut  (he  air  Ixstween  (he  two. 
When  the  apparatus  ih  conveniently  i»rraniee<i,  with  slings  to  sup))ort  the 
ellxtw,  observations  niav  l>e  nuwle  u|»on  the  changes  in  vohime  of  i!ie  ann 
during  long  peri^wls.  Tlie  results  mi  ohiainwl  ure  rnferrwl  to  under  ."(everal 
heaflings-  With  the  form  of  reconler  described  the  plethysmograph  give^ 
Usually  only  tlie  slow  (>hanges  in  volume  of  the  arm,  due  to  a  greater  or  les-^ 
amount  of  blood.     Hy  using  a  nmn*  >ens-itivc  rerorder  and  making  the  con- 
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nections  entirely  rigid  the  smaller,  quicker  rhariKe^  in  volmiie  caused  by  the 
heart  hesit  are  uUi>  reoonlett.  A  volume  pulse  is  ohtaine<]  resenitiUiig  ui  \U* 
general  fonri  the  pressure  puLse  given  lL»y  tlie  sphygniograph.  When  uae<i 
lor  thb*  purpose  the  instrument  is  described  as  a  hudrosphytfmftyraph. 

Records  taken  of  the  volume  of  the  hand,  foot,  brain,  or  any 
other  organ  show  that  in  addition  to  the  changes  caused  by  the 
heart  l>eat  and  l)y  the  respiratory  movements,  there  are  other  more 
irregular  variations  that  are  continually  occurring  the  cause  of  which 
is  to  be  found  In  the  variations  in  the  amount  of  hloo<i  in  the  organ. 
Day  and  night  these  changes  in  volume  take  place,  and  they  are 
referableto  the  activity  of  the  vasomotor  system.  \'a3oconstriction 
or  vasodilatation  in   the  organ   itself  cause  what  may   i)e  called 


Fin.  ?2I.  — DetailfsltlrawinBof  tiie  ti\af^  plethyflmo^raph  wilh  the  ftrranfcement  of  mb- 
t^r  icl've  ti>  pr«vt>nt  leaking  witnout  ootopreuinc  the  veina.  :;.  Tbe  glove  with  its  gnuoClet 
rrne^'lcil  uvrr  thf  etu\  uf  the  flmAroy Under;  1  uid  3,  supporting  pieces  ol  etout  rubber  tub- 
iiitf .  O  ami  H.  foct  u  urn  <  >(  outer  And  inner  rings  of  luird  rubber  to  futeo  tbe  reflected  rubber 
timing  ikad  reduce  the  opening  Tor  the  Arm. 


an  active  change  in  volume.  But  vasoconstriction  or  vasodilata- 
tion in  other  organs  may  cause  a  perceptible  change,  of  a  passive 
kind,  in  the  volume  of  the  organ  under  observation.  For.  since 
the  amount  of  blood  remains  the  same,  a  change  in  any  one  organ 
must  affect  more  or  less  the  volume — that  is.  the  blood  contents — 
of  all  other  organs. 

General  Distribution  and  Course  of  the  Vasoconstrictor 
Nerve  Fibers. — These  fil>ers  l>elong  to  the  autonomic  system,  and 
coiLsist,  therefore,  of  a  preganglionic  fil)er  arising  in  the  central 
ner\'ous  system  and  a  postganglionic  fiber  arising  from  the  cell  of 
some  sympathetic  ganglion.  The  general  arrangement  of  the  auto- 
nomic system  (p.  231)  should  be  reviewed  in  this  connection.  It 
has  l>een  shown  by  exf>eriments  of  the  kind  described  under  the  last 
hea<iing  that  vasoconstrictor  fibers  are  present  in  numerous  ner\'e 
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tnuiks,  but  esi3ecia]ly  in  those  liistributed  to  the  skin  and  to  the 
abfiominal  and  pelvic  organs.  If,  for  instance,  the  sciatic  or  the 
splanchnip  nerve  l>e  cut,  to  avoid  reflex  eflfects,  and  the  peripheral 
end  be  stimulated,  there  will  Ije  a  strong  constriction  of  the  vessels, 
which  may  be  detected  by  ocular  inspection,  blanching;  by  the 
increase  in  arterial  pressure;  or  by  the  diminution  in  volume  of  the 
organs.  The  vasoconstrictor  fibers  supplying  these  two  great 
regions  arise  immediately  (postganglionic  fillers)  from  one  or  other 
of  the  ganglia  con.slituting  the  sympathetic  chain,  or  from  the  large 
prevertebral  ganglia  (celiac  ganglion,  for  instance)  directly  con- 
necteil  with  it.  I'ltintately,  of  course,  they  arise  in  the  centml 
nervous  system  (preganglionic  fiber),  and  it  has  l>een  shown  that, 
for  the  regions  under  consitleration,  they  all.  with  a  few  compara-  I 
tively  uninijjortant  exceptions,  leave  the  spinal  cord  in  the  great 


FiiC.  222. — ;ScheTnA  to  show  the  luith  ni  llie  prefcanjKlionit  rvntl  pojitntiflrlit^aiD  poHiona 
of  a  vmsocoii^lrictor  nerve  fiber:  a.  Anterior  rrxit,  nhuwtue  the  otmty^  >>r  the  preffunclinriio 
fiber  a«  a  Hnttcsl  line:  ti,  v,  dnrsal  &ntl  yentraJ  brunrhea  of  the  t^Tiirul  nervf.  r,  tlie  riimii« 
eommunicaLio:  u.  the  sympfttbetie  ffanKtion.  The  piMtoangUoDic  fibers  in  each  ramiu  cofue 
from  (he  Kympnthetic  RaDslion  with  whieh  it  ii*  eoaiMKted.  The  pranii^ionic  fibers  enter- 
iriK  at  any  canKhun  may  pass  up  or  down  to  end  in  the  oeUs  of  some  outer  gtuigiioci. 


outflow  that  takes  place  in  the  thoracic  region  from  the  second 
thoracic  to  the  second  limibar  nerves  (p.  233).  In  this  outflow 
they  are  mixed  with  other  autonomic  fibers,  such  as  the  sweat 
filers.  |>ilomotor  filiera,  accelerator  fil>er8  to  heart.,  pupilodilator 
fillers,  visceromotor  fibers,  etc.  Emerging  in  the  anterior  roots,  they 
)mss  to  the  sympathetic  chain  by  way  of  tlie  corresponding  ramus 
communicans.  Having  reached  the  chain,  they  end  in  one  or  other 
i>i  the  ganglia,  not  necessarily  in  the  ganglion  with  which  the  ramus 
connects  anatomically.  The  pn'ganglionic  fibers  for  the  blood- 
vessels of  the  submaxillary  gland,  for  instance,  enter  the  firBt 
thoracic  ganglion  of  the  sympathetic  chain,  but  do  not  actually 
terminate  until  they  rearh  the  superior  cer\ical  ganglion  high  in  the 
neck.    'J'he  {x>stganglionic  filxTs  arise  in  the  ganglion  in  which  the 
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preganglionic  filyeTs  terminate.      I'hosc  riestineii  to  supply  the  skin 
of  the  trunk  and  extremitips  jviss  from  the  pangli(ni  to  the  cor- 
Ttrspouding  spinal  nen't*  liy  way  (*f  the  runius  (Murininnicans  (^ray 
mn)usj  ami  &fter  reaching  the  spinal  nerve  they  are  ihstrilnite*i  with 
it  to  ita  corresponding  region  (lig-  *J22).     In  the  general  region 
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71k.  233. — VMomotor  effecl  of  sCimuUtloD  of  the  Bplanchnic  wrve — peripherml  eod^ 

in  thf>  tloie  f  Onvton)  -     1.    Thr  linr  of  lem  prrfMurr:    _*,  the  line  of  thr -timuUtiiiK  pro:    an 
ftfi<l  ttff  ni*rk  the  iiricinning  ari<l  mil  nt  flic  siiniutatinn  .    '.i,  the  tinie  rvr<iril  in  •vomils,    4. 
lilt  bl(M)d-prr«>ure  rvcffnl  fi<tiiiiulati<tn  rsuKin  s  marknl  nf«  uf  bliMMl-|>rr7»urp  iIup  t<i  Ktiniu- 
iMka  g4  vmtoeoiwtnctor  ftlipm);   S,  itlrthysaiocniphic  tracing  of  the  vnlunic  of  the  kidney 
(uMomcAcr);   a*UDuUti<in  'if  the  "plnnchnic  catiafti  m  diminution  in  vuluine  of  Ibc  kidney 
QwfaiC  to  the  eoltftriction  of  ii^  arteriole-*. 

under  consideration  (lower  rervical  to  tipi)er  lumbar)  each  ramus 
communicans  l>et\veen  a   spinal  nerve  and  a  sympathetic  ganglion 
conaist^.  therefore,  of  two  |Wirts.  one  (white  ramus)  f»f  preganglionic 
fibers  f)a8sing  from  the   spinal    nerve   to   the  ganglion,  the  other 
(gray  ramue)  of  postganglionic  fil>er8  coming  from  the  ganglion  to 
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the  spinal  nerve  for  distribution  to  the  peripheral  tissues.  It  should 
ho  })ome  in  mind  that  the  fil)ers  in  the  white  ramus  do  not 
return  to  the  spina!  nerve  by  the  gray  portitfn  of  the  same  ramus, 
but  i>aissing  upward  or  downwani  in  the  sympathetic  chain 
return  to  some  other  spinal  ner\'c  as  jxjstganglionic  fibers.  In  this 
way,  therefore,  it  liappens  that  the  various  intercostal  nerves  and 
the  nerve.s  of  tlie  l)raehial  and  sf  iatic  plexus  contain  vasoconstrictor 
fibers  i\s  postgangliotiic  or  sympathetic  fibers.  On  the  other  hand, 
the  vasoconstrictor  fil>ers  tiestined  for  the  great  vascidar  region  of 
the  intestines  and  other  abdominal  viscera,  after  reaching  the  SAin- 
pathetic  chain  by  way  of  the  white  rami  as  preganglionic  fibers,  do 
not  return  to  the  sjiinal  nerves  by  the  gray  rami.  They  leave  the 
sympathetic  cfuiin.  still  as  (jreganglionic  fil)ers,  in  the  branches  of  the 
splanchnic  nerves  and  thmugh  them  pass  to  the  celiac  ganglion, 
where  they  mainly  end,  and  their  |>ath  is  continued  by  the  post- 
ganglionic or  sym[)atfietic  fibers  arising  from  this  gnnglion.  More 
specific  inFonnatifvn  concerning  the  origin  of  (lie  vjisomotor  fillers 
to  the  ttiffereiit  organs  is  given  In  contlenseii  form  farther  on.  It  is 
quite  important  in  the  begirming,  however,  to  obtain  a  clear  general 
conception  of  the  path.s  taken  by  the  constrictor  fillers  from  their 
origin  in  the  s[)inai  curd  to  their  termination,  on  the  one  haoil, 
in  the  vessels  of  the  sldii,  or,  on  the  other,  in  the  vessels  of  the 
abdominal  iintl  [>elvic  viscera. 

The  Tonic  Activity  of  the  Vasoconstrictor  Fibers. — A  \'er>' 
iiniKjrtant  fact  regarding  the  viusticonstrictor  nerve  fil)ers  is  that 
they  are  constantly  in  action  to  a  greater  or  less  extent.  This 
fact  is  demonstrated  by  the  simple  ex|>eriinent  of  cutting  them. 
If  the  synjpathetic  nerve  in  the  neck  is  cut  in  the  nibi)it  the  blood- 
vessels of  the  ear  l>ecome  dilated.  If  the  splanchnic  nen'es  on 
the  two  sides  are  cut  the  intestinaf  region  becomes  congested, 
and  the  effect  in  this  case  b  so  great  that  the  general  arterial  pressure 
falls  to  a  ver>'  low*  jxiint.  Fron^  these  and  numerous  similar  ex- 
ix^rinients  we  may  conclude  that  nommlly  the  arteries — that  is, 
the  arterioles — are  kept  in  a  condition  of  tone  by  impulses  received 
through  the  viisf>constrictor  fil>ern.  Cut  these  nerves  and  the  arte- 
ries lose  their  tone  and  <iilate,  witli  the  result  that,  the  peripheral 
resistance  being  diminished,  the  lateml  pressure  falls  on  the  arterial 
side  and  rises  on  the  venous  side.  The  relatively  enormous  effect 
U|)on  aortic  pressiire  caused  by  paralysis  of  the  tone  of  the  arteries 
in  the  splanchnic  area  shows  that  tmder  normal  conditions  the 
jKripheral  resistance  in  this  great  area  plays  a  predominating  part 
in  the  maintenance  of  norma!  arterial  pressure,  and  by  the  same 
reasoning  variations  in  tone  in  the  arteries  of  this  region  must 
play  a  ver\'  large  jjart  in  the  regulation  of  arterial  pressure. 

The  Vasoconstrictor  Center.— As  stated  in  the  last  two  para- 
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graphs,  the  vasoconstrictor  fibers  emerge  from  the  cord  over  a 
definite  region,  and  they  exhihit  constant  tonic  activity.  It  has 
l)een  shown,  moreover,  that  if  the  cortl  l>t*  cut  anywhere  in  the 
cer^'ical  region  all  of  the  t'onwtrictur  fihens  lose  tlieir  tone;  a  js^reat 
va^fcular  ihlutation  results  in  iKJth  the  sj^hmchnic  antl  skin  ureas. 
We  may  infer  from  this  fact  that  the  vasot-onstrictor  paths  originate 
fn>m  ner\'e  cells  in  the  l)raiu  and  that  their  tonic  activity  is  to 
l>e  !race<l  to  thi^se  cells.  Sucit  a  group  of  cells  exists  in  the  medulla 
oblongata,  and  forms  the  ihiso- 
constrictor  center.  The  axons 
given  off  from  these  cells  de- 
seenfl  in  the  cervical  conl  ami 
trnnmate  at  various  levels  in 
the  anterior  horn  of  gray  mat^ 
ter  in  the  region  fmni  the  up[)er 
thoracic  to  the  upfKT  lumbar 
spinal  ner\*ej*.  A  spinal  nctiron 
continues  the  path  a.s  the  pro- 
ganglionic  vasoconstrictor  hi)er 
which  terminates,  as  already 
descril3ed.  in  some  symiwithetic 
ganglion,  whence  the  ]>ath  is 
further  eontinue<l  by  the  jxist- 
gangUonic  fiber.  This  arrange- 
ment of  the  constrictor  paths  is 
Indieateti  schenuitically  in  I'ig. 
224-  The  exact  location  of  the 
group  of  cells  that  plays  the  ini- 
piirtant  role  of  a  vasoconstrictor 
center  has  not  l)een  iletermincd 
histologically.  Its  a'giim  lias, 
however,  l>een  delimiteil  roughly 
by  physiological  experiments.  If 
the  brain  is  ciit  through  at  the 
level  of  the  midbrain  there  is  no 
marked  loss  of  vascular  tone  in 
the  iKxIy  at  large.  If.  however, 
similar  sections  are  made  farther 


Fie.  324.— Srberra  to  abow  Uie  p«lh 
of  ihe  va.--oC4mstrictur  fibers  from  the  vmm>* 
cdTiatrictor  renter  lo  the  blood -veaittl  adU 
the  n.erbunioni  for  the  reflex  stimulation 
of  these  fibers:  ».  c,  The  vawiconslrietor 
center;  1.  the  tneilullar>'  neumn  on  tb« 
vs«Dc<)DRtrirlor  path:  '2,  (be  »\ni\aX  neun^n 
(prPipiiiRlirinic  fiber)  |  3.  the  symDatbetic 
neuron  ^pot^tininRlioiiir  Kber) :  a,  tne  art«- 
ridle.  4,  the  !*nM>ry  Hben'  of  the  po^^e^io^ 
nH>t  tnukinft  cll^lle^li4m^  by  cutlaterals 
with  tlie  vuc■>^on^1ri^t4l^  center:  o,  an  in* 
tercentrnl  Hher  (efTerent)  acting  utH>n  the 
vasfKMinatriclor  ceo  ter. 


ami   further    l»ack    a    [wiint    is 

reached  at  which  vascular  piiralysis  l>egins  to  l>e  apparent  and  a 
point  farther  down  at  which  this  paralysis  is  as  complete  as  it 
would  be  if  the  cer\-ical  conl  were  cut.  Between  these  two  points 
the  vasoconstrictor  center  mu.st  lie.  I'he  careful  experiments  of 
tills  kind  made  by  Dittmar*  i\w  now  somewhat  old.  Acconling 
•"Berirhte  il.  8ftch».  Akadeinie,  Math.-phys.  KlftHHC."  1873,  p.  449. 
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to  his  description,  the  center  is  bilateral, — that  is,  consists  of  a 
group  of  ceils  on  each  side^ — and  lies  almut  the  middle  of  the  fourth 
ventricle  in  the  tegmental  region,  in  the  neighhorhcxHl  of  the  nucleus 
of  the  facial  and  of  the  superior  olivan'.  In  the  rai)bit  it  has  a 
length  of  3  mms.,  a  breadth  of  1  to  1.5  inins..  and  lies  about  2 
to  2.5  mni8.  lateral  to  the  mid-line.  Assuming  the  existence  of 
this  |a:roup  of  cells,  we  must  attribute  to  them  functions  of  the  firi^t 
importance.  Like  other  motor  cells,  they  are  capable  of  being 
stimulate<l  rettexly  and  by  this  means  the  regulation  of  the  blocMi- 
fiow  is  largely  controlletl.  Moreover,  they  are  in  constant  activity, 
— due  doubtless  also  to  a  constant  reflex  stimulus  from  the  inflow 
of  sensory  impulsas.  The  complete  kjss  of  this  tonic  influence 
would  result  in  a  complete  vascular  paralysis,  the  small  arteries 
would  be  dilated,  peripheral  resistance  would  be  greatly  diminished, 
and  the  arterial  pressure  in  the  aorta  would  fall  from  a  level  of 
!(M)-LS()  mms.  Hg  to  aimut  2()  or  30  mms.  Hg, — a  pressure  insuffi- 
cient to  maintain  the  life  of  the  organism.  There  seems  to  l>e  no 
question  now  that  in  those  conditions  known  as  siu'gical  s!io<*k  the 
loss  of  control  by  the  vasomotor  center,  and  the  conseipient  vascular 
j)aralysis  and  fall  of  blood-pressure,  are  the  chief  conditions  of  a 
serious  character.  We  must  conceive,  also^  that  in  this  vasocon- 
strictor center  the  different  cells  are  connected  b}'  definite  paths 
with  the  vasoconstrictor  fibers  to  the  different  regions  of  the  hotly; 
that  some  of  the  cells,  for  instance,  control  the  activity  of  the 
fibers  distributed  to  the  intestinal  area,  and  others  govern  the 
vessels  of  the  skin.  Under  physiological  conditions  the  different 
parts  of  the  center  may,  of  <'ourse,  be  acted  upon  separately. 

Vasoconstrictor  Reflexes — Pressor  and  Depressor  Nerve 
Fibers. — It  is  obvious  that  such  a  mechanism  as  that  descril>ed 
above  is  susceptible  of  reflex  stinitjlation  thnnif^h  sensory  ner\'es, 
and  according  to  our  general  knowlcitge  we  .should  suppose  that 
a  tonic  center  of  this  kintl  may  have  its  tonicity  increased  (excita- 
tion) or  det^reased  (inliibition).  Numerous  experiments  in  phys- 
iolog>^  warrant  the  view  that  both  kinds  of  effects  take  place 
nonnally .  Those  afferent  ner\'e  fibers  which  when  stimulate*  I 
cause  reflexly  an  excitation  of  the  vasoconstrictor  center,  and 
therefore  a  peripheral  vasoconstriction  and  rise  of  arterial  pressure. 
are  frequently  designated  as  pressor  fibers,  or  their  effect  upon  the 
circulation  is  designated  as  a  pressor  effect.  Those  afferent  fil>ers. 
on  the  contrary,  which  when  stimulated  cause  a  dinnnution  in 
the  tone  of  the  vasoconstrictor  center  and  therefore  a  periph- 
eral vasodilatation  and  fall  of  arterial  pressure,  are  designate<l  ad 
depressor  nerve  fibers,  or  their  effect  upon  the  circulation  is  a  d9- 
pressor  effect.  Pressor  effects  may  l>e  obtained  by  stimulation  of 
almost  any  of  the  large  nerves  containing  afferent  fillers,  but  eepe- 
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ciaily  perhaps  of  the  cutaneous  nen'es.  Ami  there  is  abundance 
of  evidence  to  show  that  similar  ^cslllt^5  can  l)e  ohtnined  in  man. 
The  pressor  effect  manifests  itself  by  a  rise  in  general  arterial  j)res- 
sure^  if  a  sufficiently  large  region  is  involved,  and  by  a  diminution 
in  flue  of  the  orpan  involved.  On  the  other  hand,  depressor  effects 
may  also  Ije  obtiiined  fmrn  stiirjiilation  of  many  of  the  hirjn*  nerve 
trunks.  If  one  .stimulate.^  the  reiitral  end  of  the  sciatic  nen'e. 
for  example,  one  obtains  a  presHor  effect  on  the  circulation  in  most 
caaefir  but  under  certain  conditions  a  marketl  depressor  effect  fol- 
lows the  stimulation.*  The  simplest  ex])lanation  of  i^uch  a  rcflult 
is  tiiat  the  nerve  tnmks  contain  afferent  fibers  *)f  both  kinds. 
When  we  apply  our  electrodes  to  a  nerve  wc  .stinndatc  evcr>'  tiller 
in  it  and  the  actual  result  will  dc[)cnd  upon  whi(*h  *;roup  of  fillers 
exerts  the  stronger  action,  and  this  may  var\*  with  the  condition 
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y^g.  225.  —  FUthyMtno^raithir  curve  of  rorearm.  Th*  v<»lucne  nf  llie  ami  wa**  rerordetj 
b>  iii—nf  of  ■  cuuntor-weuelitetl  Uunbour  luid  the  record  Ahow»  the  puL«  wuvu.  A  pmbtem 
ia  mantel  anthmetic — tb«  pnxlucl  of  24  by  43 — cauaetl  a  marked  cuanthctioo  of  tnti  arm. 


of  the  nerve,  the  condition  of  the  center,  the  anesthetic  used,  etc. 
I'nder  normal  condition.s  no  such  gross  stimulation  occurs.  The 
pressor  fil)ers  are  stimulated  imdcr  some  cinninksLances.  the  de- 
pressor fibei^  under  others.  For  instance,  when  the  skin  is  expoae<i 
to  ct)ld  it  is  blanche<l  not  by  a  direct,  but  by  a  reflex,  effect.  The 
low  temperature  stimulates  the  gensor>'  (cohl)  fillers  in  the  skin, 
and  the  ner\'e  impulses  thus  aroused  reflexly  stimulate  the  vaso- 
constrictor center,  or  a  part  of  it,  and  cause  blandiin^  of  the  skin. 
Ex|)omjre  to  high  temperatures,  on  the  contrar\'.  flushes  the  skin, 
and  in  this  case  we  may  stipfKwe  that  the  sensor}'  impulses  carried 
by  the  heat  nen'es  inhibit  the  tone  of  the  vasoconstrictor  center 
and  cau.se  dilatation  or  flushing  of  the  skin.  So  far  as  man  is 
concerned,  experiments  made  with  the  plethysmograph  show  very 
*See  Hum,  -Journal  of  Iliysioloio-. "  18,381,  1895. 
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nlearly  that  the  vasoconstrictor  center  Ls  easily  affecteil  in  a  pressor 
or  depressor  manner  by   psychical  states  or  acti\itie8.      Mental 
work,  e8|>eeially  mentai  int^re.st,  however  arouseil.  is  followe<l  by 
a  constriction  of  (he  blood-vessels  t»f  the  skin, — a  pressor  effect  (see 
Fig.  225) ;  and  we  may  fiml  an  explanation  of  the  value  of  ilie  reflex 
in  the  supposition  tliat  the  rise  of  arterial  pressure  thus  produced 
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liK.  2JU.  -KfTcrt  nf  stiiiiutntinK  tlie  cenlnil  end  nf  the  deprefv^ir  nerve  uf  the  heart. — 
\Oaw»oR.\      Die   timr   rec-iirtl   mark.- r^'ruiul^.     ^'f  nii<l  f/Mmirk  iho  liecjnnirifi  uii.l  enti  nf 
ttw  minulation.     Ttie  blood -prewure  rises  slowly  n(ter  the  rernovul  of  tlio  stimulu?   und 
eveuru&lly  reaches   the  iKirmftl  level.      'X\\\a  compleie  recovery  u  not  &bowEi  in  tbr  pc»r- 
tian  uf  the  n^unl  rerx'tHJucml. 

force^q  more  bkwd  through  the  brain  (j>.  .560).     On  the  other  Imnd, 
feoHnji^s  of  embarrassment  r>r  shame  may  be  asa^ciated  with  a  tie- 
pressor  effect,  a  dilatation  in  the  vessels  of  the  skin  manifestetl.  for 
example,  in  the  art  of  blushing.     In  both  cases  we  must  assume 
intracentml  nerve  paths  between  the  rortcA  and  the  center  in  the 
medulla,  the  imptdses  along  one  path  exciting  the  center,  while 
those  along  the  other  inhibit  its  tone,  or,  as  explained  below,  excite 
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ft  vasodilator  center.  Among  the  many  depressor  effects  that 
have  been  observed  on  stimulation  of  afferent  ner\'e  fibers 
one  has  aroused  especial  interest, — namely,  that  caused  by 
certain  afferent  fibers  fmin  the  heart.  These  fibers  in  some  ani- 
mals— the  dog,  for  instance — run  in  the  vagus  nen'e,  but  in 
other  animals,  the  rabbit,  they  form  a  separate  nerve^  the  so-called 
deprttsor  nt-rve  of  the  heart, — discovered  by  Ludwig  and  Cyon 
(1865).  In  the  rabbit  this  nerve  forms  a  branch  of  the  vagus» 
arising  high  in  the  neck  by  two  roots,  one  fnjiii  the  tnmk  of  the 
%*agus  and  one  from  the  superior  laryngeal  brunch.  It  nins  toward 
the  heart  in  the  sheath  \\\K\\  the  vagus  and  the  cervical  syinpa- 
ihetir.  The  nerve  is  entirely  ufferent.  If  it  m  cut  and  the  f>eriphcral 
end  is  stimulated  no  result  follows.  If,  however,  the  central  end 
is  stimulated  a  fall  of  blood-pressure  occurs  and  also  i^rhai>s  a 
Mowing  of  tlie  heart  l>eat  (f»ee  Fig.  226).  The  latter  effect  is  due 
to  a  reflex  stimulation  of  the  canlio-inhibitory  center  and  may 
l>e  chminated  by  i)re\'io\is  section  of  the  vagus.  The  fall  of 
bloc*]- pressure  is  explained  by  supposing  that  the  ner\'e,  when 
stimulated,  inhibits,  to  a  greater  or  less  extent,  the  tonic  activ- 
ity of  tiie  vasoconstrirtor  center.*  Anatomical  studies  show 
tlmt  in  the  heart  the  filters  arise  in  part  at  least  in  the  walls 
of  the  ventricle,  and  physiological  exj>erimcnts  indicate  that 
the  nerve  plays  an  important  rogidatory  ri'>le.t  When,  for  in- 
stance, blood-pressure  rises  above  normal  limits  it  may  be  sup- 
posed that  the  endings  of  this  nerve  in  the  heart-  are  stimu- 
l«te<i  by  the  mechanical  effect,  and  the  I >hx>d -pressure  is  thereby 
lowered  by  an  inhibition  of  the  tone  of  tlie  constrictor  center. 
It  is  possible,  acconling  to  recent  work,  that  the  depressor  filjera 
end  in  the  walls  of  the  aorta  outside  the  heart.J  In  this 
■position  the  effec»t  of  supranormal  aortic  pressures  may  more 
lEiiBclily  effect  a  stimulation  of  their  endings  and  caiise  a  fall  of 
pressure.  A  similar  nerve  has  l)een  dcs<'rilM?d  anatomically  in  man, 
while  in  animals  like  the  dog,  in  which  it  is  not  present  as  a  sefmrate 
anatomical  structure,  it  probably  exists  within  the  trunk  4)f  the 
vagus.  If  this  latter  nerve  is  cut  in  the  dog  and  tlie  central  end 
is  stimulated  a  depressor  effect  is  usually  obtained. 

VoMoctmMriHftr  Ccnirm  in  th^  Smnal  r<wW.^From  the  description  nf  the 
va.'«ocon5lrirtor  nieclianism  pven  ahove  the  nrol>able  inference  may  l>e  mmle 
ihftt  throughout  llie  thorntic  region  the  celt*  of  oriRin  of  the  preKiuiKliouic 
filK'n.  may,  under  sjieoial  oonditions,  act  a^  subonUimtc  va.«ooonstrirlor  centers 
cApmlile  of  fcivinf:  reflexe*  and  of  exlii!)itinp  .s<>n»e  tonic  ftctivitv.  Numerous 
expeximents  tei»d  to  .support  tliiA  infereju-e     When  the  spinal  conl  \a  cut  in 

•  See  Porter  and  liever.  "  American  Journal  of  Physiolopcy,"  4,  283,  1900; 
also  FlaYhsa,  "Jounial  of  niVMoh>pv/*  14.  :i03,  1803. 

t  Sewall  and  Steiner,  "Jounuil  <.f  PIivmuIokv."  0,  162,  lftS5. 

:  Kftstcr  and  Tschermak/' Archiv  f.  ilie  Resainrnte  Physiologie, "  93,  24, 
1902, 
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he  lower  thoracic  re^oii  there  is  u  i-iaralysLs  of  vascular  tone  in  tlie  posterior 
exiremities.     If,  however,  the  aiiimal  is  kept  alive  the  vessels  f^radiuilly  re- 
cover iheir  tone,  nllhough  not  connecle^l  with  the  nieihillarj'  center.     The  re- 
siuuption  of  tone  in  this  ra:*e  may  he  uttnbuteii  Uj  the  nerve  celL^  m  the  lower 
thoracic  and  tip^H^r  liiuibar  reziou,  mwe  vaavxihiT  puralysl*i  is  again  produced 
when  tills  portinn  uf  tlse  coriT  w  destroyed.     Fiiiullv,  lloltz  Uus-  .sliovvn  that 
wheji  the  entire  cord  ia  destroyed,  except  thecer\'ical  region  (p.  145),  vu^cular 
lone  may  ije  re.store<l  fniully  ui  the  hlood-vestsels  affected,     hi  this  vmx  the  re- 
■iuinplton  of  tonicity  uiiist  \ye  refened  either  to  the  properties  of  tlie  muscuUir 
roatr*  of  tlie  arleries  themselves  or  to  the  activity  of  the  HyniPnlhetir  ner\e 
(clb*  tiuit  give  rise  to  the  |»o^lpungHonit•  fiher>.     I'mler  nonual  condition-*  it 
-;<H'nis  quite  clear  that  the  jrreut  vasoconstrictor  center  in  the  meilulla  I*  tlie 
nllpl^rtant  scut  of  tonic  aii<l  of  reflex  activity.     H  the  connectionnof  thi^  center 
witli  the  l>lood-ve?vseL<  are  tlejitroyeil  smldenly — for  example,  by  cutting  the 
rervind  toril^hlo<Kl-prewsure  falls  at  once  toVuch  a  low  level.  2*0  to  30  ninw*. 
Up,  that  death  usually  re-iult-^  unless  artificial  meaiiti  are  employed  to  MwtJun 
the  animal. 

Rhythmical    Activity    of    the    Vasoconstrictor    Center.— 
Throtighout  life  the  vasoconstrictor  center  is  in  tone  the  intensity 

•x'    V//  ^^'•''''^«.-^/ 

. — ^ --*-^ ^ 

FlK.   21*7.  — Rhythmical  vBAomotor  wnvm  of  blood-prwwure  (Tr»ul)«-H«rififc  wkt^X 
The  ui)j«r  trscinK  (1)  is  the  blood'preMure  record  a^  taken  with  the  mercury  mwianieiCT; 
the  lower  fracLsic  (2)  U   taken  with  n   HOrthle   manometer.      Seven  distinct  reepiiatory 
wavBH  "f  blowi-prtwaurc  may  be  recugniaed  on  each  larKO  wave. — iDatPton.) 

of  which  varies  with  the  intensity  and  character  of  the  reflex  im- 
pulses playing  upon   it.     I'nder  certain   unusual   conditions   the 
center  may  exhibit  rhythmical  variations  in  tonicity  which  make 
themselves   visible   as   rhythmical    rises  and   falls   in   the  general 
arterial  pressure  (Fig.  227},  the  waves  being  much  lon^r  than 
those  due  to  the  respirator^'  iiiovements.     These  waves  of  blcHxl- 
preasure    are  observed  often    in   experiments  upon  animals,   but 
their  ultimate  cause  is  not  understood.     They  are  usually  desig- 
nated as  Traube-Hering  wave.M,  ahlunigh  this  tenn,  strictly  speak- 
ing, l)elongs  to  wavers,  synchronous  with    the  respirator)'  move- 
ments,   that  were  obser\'ed  by    Traube  upon  animals  in  which 
the    diaphragm    was    paralyzed    and    the    thorax    was    opene<L 
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These  latter  waves  are  also  due  to  a  rhythmical  action  of  the 
vasoixK)ter  center.  During  sleep  certain  much  longer,  wave-like 
variations  in  the  IjIcHjd-pressure  also  cK^ciir  that  are  again  due 
doubtless  to  a  rhythmical  change  of  tone  in  the  vasoconstrictor 
center. 

General  Course  and  Distribution'  of  the  Vasodilator  Fibers. 
— By  definition  a  va-sotiilator  fiber  is  an  efferent  filjer  which  when 
8(iinulate<l  causes  a  dilatation  of  the  arteries  in  the  region  supplied. 
In  aearcliing  for  the  existence  of  such  fil>ers  in  the  various  nerve 
trunks  physiologists  have  used  all  the  n]eth4x!s  referred  to  above, — 
namely,  the  flushing  of  the  organ  as  seen  by  the  eye,  the  increased 
blood-flow,  the  increase  in  volume,  or  the  fall  in  biooil-j)ressure  on 
the  arterial  side  associated  with  a  rise  on  the  venous  side.  By 
these  methods  vasodilator  fibers  have  been  demonstrated  in  the 
following  regions: 

\.  Ill  the  facial  ner\'p.  Tlie  dilator  fil>er*  are  foiuu!  In  the  chonia  tym- 
iMini  hranrli  and  are  distrilmioil  tn  the  salivar>'  plamis  (subimixil- 
mry  and  KuhliiiKual)  aiul  t*i  tlte  iinterior  two-tfjinln  of  the  ttmpue. 

2.  Ill  the  Khifwopharyiigeal  nervt*.     .SuppUe*  dilator  filjerstn  the  piisterior 

thini  ()(  tonjnie,  ton>iL*i,  phar\'n.\,  parotid  plaiuMnenc  of  Jacobson). 

3.  In  the  syii»pathetic  cham.     hi  the  ccri'ical  fwrtion  of  tlie  synipatlietic 

dilator  fillers  are  carried  wliitli  are  distributed  to  the  mucous  meiyi- 
bmne  of  the  nu>utl»  (lips,  grums.  iiiid  palate).  noNtriU.  aiid  the  tikui 
of  the  checks.  Th*f*<^'  fibers  pass  up  thi*  iirck  to  the  superior  cervi- 
cal ganglion  and  thence  by  conunuiiicating  branches  n'arh  the  Gat*- 
acrian  ganglion  and  are  dihiributed  to  the  burco-facial  repoii  iii  the 
branches  of  tlie  fifth  cranial  ner\'e,*  From  the  thonicio  portion  of 
the  sympathetic  va.'*odilator  fiLiers  pa&s  to  the  abfiominal  vl*icera  by 
way  of  the  splunrhtiic  nenes  aiid  to  the  limbs  by  way  of  the 
branches  of  the  brachial  and  lundmr  plexuses,  but  the  ilata  regarding 
the  dUator  fibers  for  thcHe  rcpinri.H  ure  not  a.s  yet  entirely  «itisfactory. 
Goltx  and  others  have  »ho\vn  that  dilator  fibers  are  found  in  the 
ncr\*eB  of  the  limbs,  but  the  origin  of  these  fibers  from  the  sympa- 
thetic chain  has  not  beeii  denionstnit€<l. 

4.  In  the  nen'i  eri^nteA.  Eckhard  first  gave  conclusive  prmif  that  the 
erection  of  the  penis  is  essentially  a  va*»fMiilator  plienomenon.  The 
fiber?  ari^  from  the  first,  t*ccond,  and  thinl  sacral  spinal  nerves,  jiass 
to  the  h>^ga8tric  plexus  &s  the  nen-i  eri|^te8,aud  thence  ore  dis- 
tributed to  the  erectile  tls!nies  of  the  penis. 

The  General  Properties  of  the  Vasodilator  Nerve  Fibers. — 

L'nlike  the  vasoconstrictors,  the  vasodilators  are  not  in  tonic 
actinty;  at  least,  no  experimental  proof  has  l>een  given  that  they 
are.  In  the  caae  of  the  erectile  tissue  of  the  j)enis  and  the  dilatora 
of  the  glands  it  woiiid  seem  that  the  fibers  arc  in  acti\'ity  only 
during  the  functional  use  of  the  organ,  at  which  time  they  are 
excited  reflexly.  There  has  been  much  discussion  in  physiology  as 
to  the  nature  of  the  action  of  the  dilator  fibers.  The  muscular 
coat  of  the  small  arteries  runs  transversely  to  the  length  of  the 

•  9iee  "  Hecherches  ex p<>rimen tales  *ur  le  syuttoe  nen^eux  vasomoteur, " 
Dtttftre  and  Murat,  1S.S4. 
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vessel,  antl  it  is  easy  to  see  that  when  stiinulated  to  greater  con- 
traction through  the  constrictor  filjers  it  must  cause  a  narrowing 
of  the  artery.  It  is  not  so  evitlent  how  the  nerve  impulses  carried 
by  the  dilator  fibers  Ijring  about  a  widening  of  the  arten\  At 
one  time  perif>heral  sympathetic  ganglia  in  the  neighborliood  of 
the  arteries  were  used  to  aid  in  the  explanation,  but.  since  histo- 
logical evidence  of  the  existence  of  such  ganglia  is  lacking,  the 
view  that  seems  to  meet  with  most  favor  at  present  is  as  follows: 
The  dilator  fibers  end  presumably  in  the  iiuiscie  of  the  walls  of 
the  arteries,  anti  when  stimulated  their  impulses  inhibit  the  tonic 
contraction  of  this  musculature  and  thus  indirectly  briug  about  a 
relaxation.  Dilatation  caused  by  a  viisodilator  nerve  fiber  always 
presupposes  therefore  a  previous  coiiditirm  of  tonic  contraction  in 
the  walls  of  the  art-cry,  this  tonic  condition  being  prfnluced  either 
by  the  action  of  vasoconstrictor  fibers  or  possibly  by  the  intrinsic 
properties  of  the  muscle  itself.  In  the  nerves  of  the  limbs,  as 
stated  above,  Ijoth  vasoconstrictor  and  vasfnlilator  effects  may  \ye 
detected  by  stimulation.  It  has  been  shown  that  the  separate 
fibers  may  be  difTcrcntiatod  by  certain  differences  in  projjcrties. 
Thus,  if  the  peripheral  end  of  the  cut  sciatic  ncn^e  is  stimulated 
by  rapidly  repeated  induction  shocks  a  vasoconstrictor  effect  is 
obtainetl  as  shown  plethysniographically  by  a  diminution  in  volume 
of  the  limb.  If,  however,  the  same  nerve  is  stimulated  by  slowly 
repeated  induction  shocks  the  dilator  effect  will  predominate.* 
indicating  a  greater  degree  of  irritability  on  the  part  of  these  latter 
fibers.  .Aiter  section  of  the  sciatic  nerve  the  vasodilators  ilegen- 
emte  more  slowly  than  the  vasoconstrictors,  and  they  retain 
their  irritability  when  heated  or  cooled  for  a  longer  time  than 
the  constrictors.t 

Vasodilator  Center  and  Vasodilator  Reflexes. — Since  the 
vasf»dilator  fibers  form  a  system  similar  to  that  of  the  vasocon- 
strictJirs,  it  might  be  supposed  that,  like  the  latter,  their  activity 
is  controlled  from  a  general  center,  forming  a  vasodilator  center  in 
the  brain  similar  to  the  vasoconstrictor  center.  What  evidence 
we  have,  however,  is  against  this  view.  In  the  dog  with  his  spinal 
cord  severed  in  the  lower  thoracic  region  the  penis  may  show  normal 
erection  when  the  glans  is  stimulated, — a  fact  that  indicates  a 
reflex  center  for  these  dilator  fibers  in  the  lumbar  cord.  For  the 
other  clear  cases  of  vasodilator  fil)ers  we  have  no  reason  at  present 
to  believe  that  they  are  all  normally  connected  with  a  single  group 
of  nerve  cells  located  in  a  definite  part  of  the  nervous  system.  The 
dilator  fibers  in  the  facial,  glossophar>*ngeal,  and  cenical  8\Tn pa- 
thetic (distributed  through  the  trigeminal)  all  arise  probably  in  the 

*  Bowditdi  aii<l  Warren,  ".lounial  of  PhvHoloK^-,"  7,  -439,  ISftC. 

t  Howell.  BuUgett,  and  Leonard,  "  Jouni'al  of  P)»ysiolog>', "  16,  298,  1894. 
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Kedulla,  but  not,  so  far  as  is  known,  from  a  couunon  nucleus. 
iDtimately  connected  with  the  question  of  the  existence  of  a  general 
vaaodilator  center  is  the  possilulit.v  of  definite  retiex  stimulation 
of  the  vasodilator  fibers.  As  stated  above,  reflex  dilatation  of  the 
hlixxl-vessels  may  l>e  produced  by  stiirmlating  various  senson-  nerve 
trunks.  The  depreasor  nerve  (iberw  of  the  heart  give  (»nly  this 
efFwt,  and  the  senscjrv*  fibers  from  certain  other  regions,  notably 
the  middle  ear  and  the  testis,  cause  mainly,  if  not  exclusively,  a  fall 
of  arterial  pressure  due  presumably  U^  vascular  dilatation.  The 
sensory  nerves  of  the  trunk  and  limhs.  when  stimulated  by  the  ^ross 
methmis  of  the  lahonitor\',  ^ve  either  reflex  vajsoconstriction  or 
reflex  vasodilatation,  and,  as  was  stated  al>ovc.  there  is  reas*>[i  to 
iK'lieve  that  these  trunks  contain  two  kimls  of  sensor}*  fibers, — the 
pressor  and  the  depressor.  The  action  of  the  former  predominates 
usually,  but  in  deep  anesthesia,  and  particularly  in  those  conditions 
of  exposure  anil  exhaustion  that  precede  the  jijij^earance  of  *'  shock/' 
the  depressor  eflfeet  is  most  marked,  or  indeed  may  l>e  the  only  one 
obtained.  To  explain  such  depressor  effects  we  have  two  possible 
the<»riefi.  They  may  l>e  due  to  reHex  excitation  of  the  centers 
giving  origin  to  the  vasodilaUir  fi!iers,  or  to  reflex  inhibition  of  the 
tonic  acti\ity  of  the  vasocon.Htrictor  centers.  The  latter  explana- 
twn  is  the  one  usually  given,  especially  for  the  typical  and  perhaps 
special  effect  of  the  depressor  nerve  of  the  heart.  This  explanation 
seems  justified  by  the  general  consideration  that  in  the  two  great 
vascular  areas  through  whose  variations  in  cap>acity  the  blood-flow 
is  chiefly  regulated, — namely,  the  abdominal  viscera  an<l  the  skin, — • 
the  vasneonstrict^jr  fibers  are  chiefly  in  evi<lence,  and  are,  moreover, 
in  constant  tonic  activity.  On  the  other  hand,  the  fact  that  vaso- 
dilator filKTS  exist  is  presiuuptivc  evidence  that  they  are  j<tianulated 
nrflexly,  since  it  is  by  this  means  only  that  they  can  nonnally  affect 
the  blotxl-vessels.  So  that  fit>me  of  the  many  rlepressor  effects 
occurring  in  the  body  must  be  due  to  reflex  stinndation  of  the  dila- 
tors and  others  to  reflex  inhibition  of  the  constrictors.  It  would  be 
convenient  to  retain  the  name  depress(>r  for  the  sensory  fibers  caus- 
ing the  latter  effect,  and  to  designate  those  of  the  former  class  by  a 
different  name,  such  as  reflex  vaso<lilator  fibers.*  ( )nly  exj>eri- 
mental  work  can  determine  positively  to  which  effect  any  given 
reflex  dilatation  is  tlue,  but  provisionally  at  least  it  would  seem 
justifiable  to  assume  that  dilatation  by  reflex  stimulation  of  the 
vaaodilator  fil:»er8  occurs  in  those  parts  of  the  body  in  which  vaso- 
dilator fibers  are  known  to  exist.  Thus,  the  erection  of  the  penis 
from  stimulation  of  the  glans  may  l>e  explaine<l  in  this  way,  also  the 
congestion  of  the  salivan'  glands  during  activity,  the  Ijlushing  of  the 
face  from  emotions,  and  possibly  the  dilatation  in  the  skeletal  muscles 
♦  See  Hunt,  "Journal  of  Physiology/'  18,  381,  1895. 
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during  contraction.      Gaskeli  and  others  have  given  reasons  for 

belie\'ing  that  the  vessels  in  the  muscles  are  supplied  with  vaso-_ 
dilator  nerve  fibers,  and  Kleen*  has  shown  that  mechanical  stinmla-' 
tion  of  the  muscles — kneading,  massage,  etc. — causes  a  fall  of  arte- 
rial pressure. 

Vasodilaiatum  Ehte  to  Aniidromur  Impvlfe*. — Tlie  extsteuce  of  definite  effer- 
ent vascKlilator  fibers  in  the  nerve  trunks  to  the  limbs  ha^  been  made  doubt- 
ful by  tlie  work  of  Bayliss.  This  author  has  Uiscovered  certain  fact*  which  at 
present  tend  to  make  the  question  of  va^oiiilatation  more  obHcure,  but  which, 
when  fully  underHtoo<i,  will  doubtless  give  Uf*  a  much  deeper  insight  into  the 
sul)iect.  Briefly  stated,  he  has  shownf  that  stimulation  of  the  posterior  roots 
of  tnp  ner\'&*  .supplying  the  luinlm-sacral  and  the  brachial  plexas  caii?«s  vas- 
cular dilatation  in  the  rorrtispouLliug  limbi*.  He  has  shown  that  the  fibers 
involved  are  seiisiir^'  fibeiN  from  the  limbs  and  that  therefore  when  stimulated 
they  miLst  coiidurt  the  impulses  in  a  direction  opiH)Rite  to  the  nonual, — anti- 
dromic. It  is  most  diffii'ult  to  uiulerstiind  liow  such  impulses,  conveyed  to  the 
terminations  of  the  senstir\'  fibers,  can  affect  the  uiUM-ular  ti^ue  of  the  blood- 
vessels. It  Ls  most  dillirult  to  uiider>tand  also  how  such  anatomically  aFferent  J 
fibers  can  be  stimulated  refie\ly  in  the  central  nervous  system.  liayliK*  giv« 
reasons  for  l>elieving  that  tine  limbs  re**eive  no  vaMxlilator  fibers  via  the  ^>'m•] 
pathetic  system,  and  that  either  tiie  blood-vesseU  in  this  rejscion  are  lacking  J 
altogether  in  such  fibers  or  else  the  sensor>'  fillers  function  in  the  way  de^'ribcd. 

General    Schema. — The  main  facta  regarding  the  vasomotor 

apparatus  may  be  suiimiarized  !>riefly  in  tabular  form  as  follows: 


Efferent       vasomotor 
ner\'e  fibers. 


1.  Vasoconstrictor  fiben* — distributed  mainly  to 
Ihe  skin  and  the  abdtmiinal  vL^n-era  (splaiich- 
nic  area),  all  connected  with  a  general  center 
in  the  medulla  oblongata,  and  in  constant 
tonic  activity. 
11.  Vasodilator  fibers — tilstributed    espeeially 

the  erectile  tissue,  glands,  bucco-facial  re|cion|l 
and  muscles;  not  connected  w\i\\  a  general  J 
center  and  not  iu  tonic  activity. 

I.  Pressor  fillers.   Cause  vascular  constrirtioti  and 
rise  of  arterial  pressure  from  reflex  stimula- 
tion  of    the   vasoconstrictor   center — e.   g., 
8ensor>'  nervo  of  skin. 
11,  Depressor  fibers.  Cause  vascular  dilatation  and 
fall  of  arterial  pressure  from  reflex  inhiliitioai 
of  the  tonic  acti\'ity  of  the  vasoconstrictor  | 
center, — e.  g.,  rlepre«sor  nerve  of  heart. 
III.  DeprpMsor  (or  reflex  vaswUlator)  fibers.    Cau.s6  j 
vavHcular  dilatation  and  fall  of  arl«riaJ  pre«-l 
sure   from   stimulation    of    the   vasodilator  1 
center, — e.g.,  erectile   tis.sue,  congestion  of 
plands  in  functional  acli\'ity. 

It  may  be  supposed  that  under  norma!  conditions  the  activity 

of  this  mechanism  is  adjusted  so  as  to  control  the  blood-flow  through 

the  different  organs  in  proportion  to  their  needs.     When  tlie  l)Ioo<l- 

vessels  of  a  given  organ  are  constricted  the  flow  through  that  organ 

♦Kleen,  **Skandina\asches  .Vrchiv  f.  Phvsiolo^jie."  247,  1SS7. 

t  Baylias,  '*  Journal  of  Physiolopj'/'  26,  173.  1900,  and  28,  276.  1902. 
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is  diminished,  while  that  through  the  rest  of  the  body  is  increased 
to  a  greater  or  less  extent  corresporuling  tu  the  size  of  the  area  in- 
volved in  the  constriction.  When  the  blood-vessels  of  a  given 
organ  are  dilated  the  hlood-flow  through  that  organ  is  increased  and 
that  tlirough  the  rest  of  the  IkxIv  dinilnislied  more  or  less.  The 
a^Iaptahility  of  the  vascular  system  ia  wonderfully  complete^  and 
is  worked  out  through  the  reflex  activity  of  the  nervous  system 
exerted  partly  upon  the  vasomotor  fibers  and  partly  uix>n  the  regu- 
lfttor\'  nen'es  of  the  heart. 


CHAPTER  XXXin. 


THE  VASOMOTOR  SUPPLY  OF  THE  DIFFERENT 
ORGANS. 

There  are  three  important  organs  of  the  body — namely,  the 
heart,  the  iungs,  and  the  brain — in  wliioh  the  existence  of  a  vaso- 
motor sijpply  is  still  a  matter  of  uncertainty.  A  vcr>'  great  deal 
of  investigation  has  })een  attempte<i  with  reference  to  these  organs, 
but  the  technical  difficulties  in  each  case  are  so  great  that  no  entirely 
satisfactory  conclusion  has  been  reached.  A  brief  review  of  some 
of  the  experiitiental  wnrk  on  record  will  suffice  to  make  evident  the 
present  condition  of  our  knowledge. 

Vasomotors  of  the  Heart. — The  coronary  vessels  lie  in  or  on 
the  musculature  of  the  heart.  Any  variation  in  the  force  of  con- 
traction or  tonicity  of  the  heart  muscle  itself  will  therefore  affect 
possihly  the  caliber  of  the  arteritjles  ami  the  rate  of  blood-fiow  in  the 
coronary  system.  At  each  contraction  of  the  ventricles  the  coro- 
nary circulation  is  probably  interrupted  by  a  compression  of  the 
smaller  arteries  and  veins,  and  the  size  of  these  vessels  during 
diastole  will  nattirally  vary  with  the  extent  of  relaxation  of  the 
cardiac  muscle.  Since  stimulation  of  either  of  the  ner\'es  siippbing 
the  heart,  vagus  and  sympathetic^  affects  the  condition  of  the  mus- 
culature, it  is  evident  at  once  how  diMicult  it  is  to  distinguish  a 
simultaneous  effect  upon  the  corfjnary  arteries,  if  any  such  exists. 
Newell  Martin*  found  that  stimulation  of  the  vagus  causes  dilata- 
tion of  the  suudi  arteries  on  the  surface  of  the  heart  as  seen  through 
a  hand  lens.  Mon?over,  when  the  heart  is  exposed  and  artificial 
respiration  is  stopi^ed  the  arteries  may  be  seen  to  dilate  before 
the  jisphyxia  causes  any  general  rise  of  arterial  pressure.  Martin 
interpreted  these  observ^ations  to  luean  that  the  coronary  arteries 
receive  vasodilator  fibers  thrr»ugh  the  vagus.  Fortert  measunnl 
the  outflow  thnnigh  the  coronary  veins  in  an  isolated  cat's  heart 
kept  alive  by  fee<ling  it  with  blood  through  the  coronar\'  arteries. 
He  found  that  this  outflow  is  dinnnished  when  the  vagus  nenx 
is  stimulated,  and  hence  concludcil  that  the  vagus  carries  vasocon- 
strictor fibers   to  the   heart.     Maast  reports  similar  results  &1m 

*  Martin,  "  TraiisactiotiB  MetlU'al  ojk!  Clururetral  Faculty  of  Mao'land," 
1891. 

t  Porter.  "Boston  Medical  and  Sur(n<"a!  .Journal, "  January  9,  1896. 
X  Maa»,  "Arrhiv  f.  die  ge?*aniinle  Pliv.sidlogie, "  74,  2S1,  1S99. 
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obtained  from  cats'  hearts  kept  alive  by  an  artificial  circulation 
through  the  coronan'  arteries.  Stimulation  of  the  vagus  slowed 
the  stream,  vasoconstrictor  fibers,  while  stimulation  of  the  sympa- 
thetic path  quickened  the  flow,  vasodilator  fi!>ers.  Neither  Maas 
nor  Porter  gives  conclusive  piDof  that  the  heart  musculature 
was  not  affected  by  the  stimulation.  Schaefer,*  on  the  oon- 
txan'fgets  entirely  opjx>8ite  results.  When  an  artificial  circuhLtion 
was  maintained  through  the  coronary  syst<;m  and  the  amount 
of  outflow  was  determined  he  found  that  this  quantity  was  not 
definitely  influenced  by  stinuilation  nf  either  the  sympathetic  or 
the  vagus  l.iranches.  Moreover,  injection  of  adrenalin  into  the 
coronar>'  circulation  had  no  influence  upon  the  outflow,  ami  since 
this  substance  causes  an  extreme  constriction  in  the  vessels  of  organs 
provided  with  vasoconstrictor  fibers  the  author  ooncludes  that  the 
coronarv'  arteries  have  no  vasomotor  nerve  Hiiers.  It  is  evident 
from  a  consideration  of  these  investigatitxns  that  the  existence  of 
vasomotor  fibers  to  the  heart  vessels  is  still  a  matter  open  to  investi- 
gation. 

Vasomotors  of  the  Pulmonary  Arteries.— The  pulmonary 
circtdation  is  complete  in  itself  and,  as  wius  stated  on  p.  4f)7.  it 
difTers  from  the  systemic  oireulation  chiefly  in  that  the  jieripheral 
resistance  in  the  capillary  area  is  much  smaller.  Consequently 
the  arterial  pressure  in  the  pulmonan-  arter>'  is  small,  while  the 
velocity  of  the  blood-flow  is  greater  tlian  in  the  systemic  circuit. — 
that  is,  a  lai^er  portion  of  the  energy-  of  the  contraction  of  the 
right  ventricle  is  use<l  in  monng  the  blood.  From  the  mechanical 
conditions  present  it  is  obvious  that  the  pressure  in  the  pulmonary 
arteri'  might  l>e  incR»ascd  by  a  viisoconstriction  of  the  sinaller 
lung  arteries,  or.  an  the  other  hand,  fjy  an  increase  in  the  blood- 
flow  t-o  the  right  ventricle  thrrnigh  the  vena'  cavre,  or,  last,  by 
l>ack  pressure  from  the  left  auricle  when  the  left  ventricle  is  not 
emptying  itself  as  well  as  usual  on  account  of  high  aortic  pressure. 
While  it  Is  companitively  easy,  therefore,  to  mejisure  the  pressure 
in  the  pulmonan'  arter\',  it  is  difficult,  in  the  interpretation  of  the 
changes  that  occur,  to  exclude  the  j)o&sibility  of  the  eiTccts  l>eing 
due  indirectly  to  the  sx-atemic  circulation.  Bradford  and  Dean,! 
by  comparing  carefully  the  simultaneous  records  of  the  pressures 
in  the  aorta  and  a  branch  of  the  pulmonar\'  arten*,  came  to  the 
conclusion  that  the  latter  may  be  aflFect<?d  independently  by  stimu- 
lation of  the  third,  fourth,  and  fifth  thoracic  spinal  ncn'es,  and 
hence  conclude  that  these  ner\'e8  contain  vasoconstrictor  fibers 
to  the  puImonar>'  vessels,  the  course  of  the  fibers  l>eing,  in  general, 
that  t^en  by  the  accelerator  fibers  to  the  heart. — namely,  to  the 

*  **  Arrhivte  dec  scienw^  binln(fi<niee,"  11.  mippl.  volume.  251.  1905. 
t  Bnulford  and  Dean,  "  Jounml  of  Physiolog>*."  IG,  34,  1S94. 
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first  thoracic  sympathetic  ganglion  by  the  rami  eominimicant«s 
and  thence  to  the  puhnonar\'  plexus.  They  give  evidence  to  show 
that  the^e  fibers  are  stimulated  during  asphyxia.  The  authors 
state,  however,  that  the  efifecta  ol)tained  upon  the  pressure  in  the 
pulmonary'  artery  are  relatively  and  absolutely  small  as  compared 
with  the  vasomotor  effects  in  the  aortic  system.  Similar  results 
have  been  oht^ained  by  other  ob9er\'ers  (FranQois-Franck).  Using 
another  and  more  direct  method.  Brodie  and  Dixon*  have  come 
to  an  opj>osite  conclusion.  These  authors  maintained  an  artificial 
circulation  through  the  hings  and  measiire<l  the  rate  of  outflow- 
when  the  nen'^es suppKin^  the  lungs  were  stunulated.  Under  these 
contlitions  stimulation  uf  the  vagus  or  the  SA^mpathetic  caused  no 
definite  change  in  the  rate  of  flow. — a  result  which  would  imiicAte 
that  neitlier  nerve  conveys  vasomotor  fibers  to  the  lung  vessels. 
This  conclusion  was  strengthened  by  the  fact  that  in  similar  per- 
fusions made  upon  other  organs  {intestines)  vasomotor  effects  were 
easily  demojistrated.  Moreover,  adrenalin,  pilocarpine  and  mu»- 
carin  cause  marked  vasoconstriclion  when  irrigate*!  thrtiugh  the 
intestine,  but  have  no  such  effect  upon  the  vessels  in  the  lungs. 
These  authors  conclude  that  the  lung  vessels  have  no  vasomotor 
nerves  at  all.  ami  their  experimental  evidence  might  be  accepted 
as  satisfactory  except  for  the  fact  that  a  similar  method  in  the 
hanrls  of  another  oliserver  has  given  oi>posite  results.  Fluiniert 
finals  that  the  outflow  tlirough  a  j)erfused  hmg  is  diminished  in 
some  cases  by  stinndation  of  the  symiiathetic  I)ranche8  to  the  lungs, 
and  also  by  the  use  of  adrenalin.  Under  such  conditions  it  is 
necessar>'  to  defer  a  decision  until  more  exj>eriments  are  reported. 
Regarding  the  vasomotors  of  the  lungs,  one  ciui  only  say,  as  in 
liie  case  of  the  heart,  that  their  existence  has  not  lieen  demonstrate<i. 

The  Circulation  in  the  Brain  and  Its  Regulation. — The 
question  of  the  existcMcc  of  vasomotor  nerves  to  the  brain  brings 
up  necessarily  the  larger  {(ucstion  of  the  special  characteristics  of 
the  cranial  circulation.  The  brain  is  contained  in  a  rigid  t>ox  so 
that  its  free  exparusion  or  contraction  with  variations  in  the  amount 
of  blooti  can  not  take  place  as  in  other  organs  and  we  have  to  con- 
sider in  how  far  this  fact  modifies  its  circulation. 

TAc  Arterifd  Supply  of  the  Brain. — The  brain  is  supplie<l  through 
the  two  internal  carotids  and  the  two  vertebrals.  which  together 
form  the  circle  of  Willis.  It  will  be  rememl>ered  also  tliat  the 
vertebral  arteries  give  off  the  p<isterior  and  the  anterior  spinal 
arteries,  which  supply  the  spinal  cord,  and  that  the  last-nanjed 
artery  makes  anastomoses  along  the  cord  with  the  intercostal  arteries 

•  Brodie  and  Dixon,  ".Jounial  of  Pliy.siolojor,"  30.  476,  1904. 
t  Pliunier,  "Journal  tie  pKy.sioIogie* et  de   pathologie  g^ni^rale."  0, 665, 
1004;   see  also  "Archives  intemationales  de  physiologie/ '  1,  189,  1904. 
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and  other  branches  from  the  descending  aorta.  P'rom  the  ana^ 
totnical  arrangement  alone  it  is  evitient  that  the  circulation  in  the 
brain  is  very  well  protected  from  the  possibihty  of  l>eiiig  inter- 
rupted by  the  accidental  closure  of  one  or  more  of  its  arteries.  In 
some  animals,  the  dog,  one  can  ligate  both  internal  carotids  and 
both  vertebrab  wilhinil  causing  unconsciousness  or  the  death  of  the 
animal.  In  an  animal  under  these  comlitions  a  colla-t-cml  circula- 
tion must  be  brought  into  play  through  tlie  anastomoses  of  the 
spinal  arteries.  In  man,  on  the  contrary,  it  is  stated  that  ligation 
of  both  carotids  Is  dangerous  or  fatal. 

Tk^  V't-noiWiSup/Vv.^The  venous  system  of  the  brain  is  peculiar, 
specially  in  the  matter  of  the  venous  sintises.  These  large  spaces 
are  contained  between  folds  of  the  dura  mater  or,  ou  the  base  of 
the  sktill,  between  the  dura  mat**r  and  the  bone.  The  channel 
hollowed  out  in  the  bone  is  covered  with  a  roof  of  tough,  inex- 
tensible  dura  mater,  and  indeed  in  some  animals  the  basal  sinuses 
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brum,  th«  poaitioo  uf  Ibe  tubftrmchiK^dal  bpacv  and  of  the  x-eoriufl  idnuaea. 
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may  in  part  be  entirely  incased  in  l>one  The  larger  cerebral  veins 
open  into  these  sinuses:  the  ojjenings  have  no  valves,  but,  on  the 
contrary,  are  kept  patent  and  protected  from  closure  by  the  struc- 
ture of  the  dura  mater  around  the  orifice.  The  smaller  veins  are 
ver\*  thin  wallet!  and  free  from  valves.  The  venous  blood  emerges 
from  the  skull  in  man  nuiinly  through  the  opening  of  the  lateral 
sinuses  into  the  internal  jugular  vein,  although  there  is  also  a 
communication  in  the  orbit  between  the  cavernous  sinus  and  the 
ophthalmic  veins  through  which  the  cninial  blood  may  pjiss  into 
the  system  of  facial  vcias.  another  communication  with  the  venous 
plexuses  of  the  cord,  and  a  numf>er  of  small  emissar>'  veins.  In 
some  of  the  lower  animals — the  dog,  for  instance — the  main  outflow 
is  into  the  external  ju^dar  through  what  is  known  as  the  sujjerior 
cerebral  vein.  A  point  of  physiological  interest  is  that  the  venous 
sinuses  and  their  points  of  emergence  from  the  skull  are  b}'  their 
structure  well  protected  from  closure  by  compression. 
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The  Meningeal  Spaces. — ^The  general  arrangement  of  the  menin- 
geal membranes,  and  jmrtieularly  of  the  meningeal  SjMices,  is  im- 
portant in  connection  with  the  mechanics  of  the  brain  circulation. 
In  the  skull  the  dura  luater  adhen^s  to  the  lx»ne,  the  pin  mater 
in%'ests  closely  the  surface  of  the  i)rain,  wliile  between  lies  the 
arachnoid  (Fig.  228).  The  capillary  space  between  the  arachnoid 
and  the  liura.  the  so-calle<i  subdural  space,  may  l>e  neglect-ecL 
Between  the  arachnoid  and  the  pia  mater,  however,  lies  the  sub- 
arachnoidal space  more  or 
less  intersected  by  septa  of 
connective  tissue,  but  in  free 
commimication  throughout 
the  brain  and  cord.  This 
subarachnoidal  space  is  filled 
with  a  lifpad.  the  cerebro- 
spinal liquirl.  which  forms  a 
pad  inclosing  the  brain  and 
conl  on  all  sides.  The  liquid 
surrounding  the  cord  is  in 
free  conimunication  with 
that  in  tlie  brain,  as  is  indi- 
cated in  the  accompanying 
schematic  figure  (Fig.  229). 
Within  the  brain  itself  there 
are  certain  ]M>ints  at  the  an- 
gles and  hoUuws  of  the  differ- 
ent parts  of  the  brain  at  which 
the  subarachnoiilal  space 
is  much  enlarged,  forming 
the  so-called  <'istema',  wliich 
are  in  communication  one 
with  another  by  means  of  the 
less  conspicuous  canals  (see 
Fig.  230).  The  whole  system 
is  also  in  direct  communica- 
tion with  the  ventricles  of 
the  brain  on  the  one  hand, 
through  the  foramen  of 
Magendie,  the  foramina  of  Luschka,  and  perhajjs  at  other  places, 
and  on  the  <ither  hand,  along  the  cranial  and  s]>inal  nerves  it  is 
continued  outward  in  the  tissue  spaces  of  tlie  sheaths  of  these  nerves. 
The  Pacciuonian  bodies  constitute  also  a  pecidiar  feature  of  the  sub- 
arachnoidal space.  These  bodies  occur  in  numbers  that  var>*  with 
the  indiAndual  and  with  age,  and  arc  found  along  the  sinuses, 
especially  the  superior  longitudinal  sinus.     Each  body  is  a  minute, 


Cer,'Srf  -^ma/  Lifmd. 
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Fig.  229. — DiKsmm  to  show  the  connec- 
tioo  of  the  BubftnchnoicUl  spAoa  in  the  brain 
and  the  cord. 
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pear-shaped  protnisiou  of  the  arachnoidal  membrane  into  the  inte- 
rior of  a  sinus,  as  represente<l  schematicall}'  in  Fig.  23L  Tlirough 
these  bodies  the  cerebrosfiinal 
liquid  is  brought  into  close 
contact  with  the  venous 
blood,  the  two  being  sepa- 
ml<*<i  only  by  a  thin  layer 
of  dura  and  the  ver}'  thin 
arachnoid.  The  numl)er  of 
the  Pacchionian  l>odies  ia 
hardly  sufficient  to  leu*!  us 
to  suppotfie  that  they  have  a 
special  physiological  ini[X)r- 
tanee.  The  cerebrospinal  ]i(|- 
uid  found  in  the  subarach- 
noidal space  and  the  ventri- 
cles of  the  brain  is  a  very 
thin,  water\'  liquid  having  a 
specific  gravity  of  only  1.0()7 
to  1.0()8.  It  contains  only 
traces  of  proteids  and  other 
organic  substances,  which  may  var>'  under  {pathological  conditions. 
It  is  much  thimicr  and  mure  water>'  than  (he  lymph,  resembling 
lather  the  aqueous  humnr  of  the  eye.     The  amount  of   this  fluid 


_    -DiBffram  to  sbow  the   I'ication 

of  Ibo   cittemv  Knu  <»naU  uf   the  inibaracb- 
DoitUJ  space. — (Poirifr  and  C harpy.) 
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F^.  231.— SohmiB  to  vbow  the  r«Utioiiii  of  th»  pAochionian  bodim  to  the  ainuMi. 
rf.  d,  hcldA  of  the  durm  mat«r.  inrltMinff  ft  idntM  b«iwBea  them;  *.b..  the  btnnd  tn  th* 
■i>u»:  a.  the  KTArhnoulal  membrann;  p.  ths  pia  mBter;  Pa.,  the  PacchioDun  body  aa 
•  proiBction  of  ihr  anchnoiil   into  the  blo^l  Htnuii. 

present  normally  is  difficult  to  detemune.     Various  figures  have 
been  given,  but  it  is  usually  stated  to  amount  to  6()  to  SO  c.c.     If 
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these  figures  are  correct  it  evidently  iloes  not  fomi  a  thick  envelope 
to  the  nervous  system.  Under  abnormal  conditions  (hydroceph- 
alus, etc.)  the  quantity  may  be  greatly  increased.  It  is  physio- 
IngiciiilN-  interesting  to  find  that  this  liquid  may  he  formed  very 
promptly  from  the  blooti  an<i.  when  in  excess.  \je  absorbe<i  quicldy 
by  the  blood.  In  fractures  of  the  base  of  the  skull,  for  instance, 
the  liquid  has  lieen  observed  to  drain  off  steatlily  at  the  rate  of  200 
c.c.  or  more  per  day.  On  the  other  hand,  when  one  injects  physio- 
logical saline  into  the  suljarachnoitlal  space  under  some  pressure  it 
is  absorbed  vAih  surprising  rajndity.  After  death,  also,  the  liquid 
present  in  the  sul>arachnoida]  space  is  soon  absorbed. 

Iniracranml  Pnssurc^By  intnicranial  pressure  is  meant  the 
pressure  in  the  space  between  the  skull  and  the  brain. — therefore 
the  pressure  in  tlic  sulmrachnoidal  lifpiid  and  presumably  also  the 
pressure  in  the  ventricles  of  the  bruin,  since  the  two  spaces  are  in 
commimication.  This  pressure  may  be  measured  by  boring  a  hole 
through  the  skull,  dividing  the  duni.  and  connecting  the  imder- 
lying  s]mce  with  a  nianonieter.  (>bser\'ers  whtt  h:j.ve  measured  this 
pressure  sUito  that  it  is  always  the  same  as  the  venous  pressure 
witldn  the  sinuses.  This  we  can  understand  when  we  remember 
the  close  relations  between  the  sulmracbnoidal  liquid  and  the  large 
veins  and  sinuses.  We  may  consider  that  the  large  veins  are  sur- 
rounded by  the  cerebrospiual  liquid,  and  consequently  an  ef|uilib- 
rium  of  pressure  must  be  established  between  them;  any  rise  in  the 
intracmnial  pressure  raises  venous  f)ressure  by  compression  of  the 
veins.  This  statement  holds  true  at  least  so  far  as  the  intracranial 
pressure  is  due  to  the  circulation.  Variations  of  pressure  from 
pathological  causes — tiunors.  cIots»  abscesses,  etc. — ^may  exercise 
apparently  a  local  effect.  The  intracranial  pressure  is  caused 
and  controlled  normally  by  the  pressure  within  the  arteries  and 
capillarie^s.  This  pressure,  by  enlarging  these  vessels,  tends  to 
expand  the  brain  against  tiie  skull,  arul  pxenises  a  pressure,  there- 
fore, upon  the  intervening  cerebrospinal  liquid.  This  pressure, 
however,  can  not  exceed  that  in  the  veins,  since,  as  said,  an  ex- 
cess will  be  equalized  by  a  correspf>nding  compression  of  the  veins. 
The  venous  j>ressure  in  the  end  ilelermines,  therefore,  the  actual 
amount  of  intrarninial  pressure.  Conditions  which  alt^r  the 
pressure  in  the  cerebral  veins  affect  the  intracranial  pressure 
correspondingly.  Thus,  compression  of  the  veins  of  the  neck  raises 
the  pressure  in  the  cerebnd  veins  and  also  intracranial  pressure, 
and  a  higher  general  arterial  pressure  also  results  finally  in  a  higher 
pressure  in  the  cerebral  veins  and  therefore  in  the  subarachnoidal 
space. 

Ketiueo<l  to  its  simploet  fomi,  the  conditions  may  be  represente^J  by  A 
schema  sucii  aa  w  given  in  Fig.  232.     A  system  with  an  artery,  capillary  area^ 
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and  a  \'«iii  U  represented  as  inclosed  in  u.  rigid  box  and  surrounded  by  an 
incompressible  liquid.  Act-ording  to  the  coiiditions  prevatlinc  in  the  b<>dy, 
the  preaaupe  in  the  interior  of  A  and  its  branches  Ls  much  hiRner  thau  in  V, 
M,  now,  the  ppetwure  in  -^1  is  increased  the  greater  pressiure  brought  lo  bear 
on  the  waiU  will  tend  ta  expand  them;  a  greater  presdvire  will  thereby  be 
communicated  to  the  outside  liquid,  which,  in  turn,  will  toinpress  the  voius 
correspondingly.  The  expan.«ioii  on  the  arterial  aide  is  made  possible  by  a 
corresponding  diminution  nn  the 
venous  side  where  the  intenial 
pwiiTO  is  least. 

The  recorded  measure- 
ments of  the  intmcmnial 
pressure  show  tlmt  it  amy 
van.'  from  5()  to  60  mms.  of 
mercur>%  obtained  during  the 
great  rise  of  pressure  fnllowing 
strychnin  |x)isf)ning.  to  zero  or 
less,  as  ol)taine<l  by  Hill*  from 
a  man  while  in  the  erect  pos- 
ture. In  t }iis  pasi t i on  the 
negative  influence  of  gravity 
is  at  its  maximum. 

The  Effect  of  Variations 
in  Arterial  Pressure  upon 
the  Blood-flow  through  the 
Brain.  —  (Juitt^  a  number  of 
obsen'ersf  have  proved  ex- 
perimentally tliat  a  rise  of 
general  arterial  pressure  is  fol- 
lowetl,  not  only  by  an  increase 
in  the  intracranial  tension,  but 
alsrj  by  an  increase<l  bl<>ud-How 
through  the  brain.  There  has 
been  much    discussion    as   to 

whether  a  rise  of  arterial  pn-ssure  in  the  basilar  arteries  can  cause 
any  actual  increase  in  the  amount  of  blood  in  the  brain  or  whether 
it  expresses  itself  simply  or  mainly  as  an  increased  amount  of 
flow.  In  the  other  organs  of  the  body,  except  perhaps  the  bones, 
a  general  rise  of  pres^sure,  not  accompanied  by  a  constriction  of 
the  organ'.s  own  arteries,  causes  a  dilatation  or  congestion  of  the 
organ  together  with  an  increased  blood-flow,  i^hysiologically 
the  congestion — that  is,  the  increased  capacity  of  the  vessels — is 
of  no  value;    the  important  thing  is  the  increase  in  the  quantity 

•  BaylitH  and  Hill.  "Journal  of  Physiology,"  18,  356,  ISO.S 
t  See    Gartner  and  Wagner,  "Wiener  ined,  Wochen.schrift,"   1887;    de 
Boerk  and  Verhorgen.  ".loumfll  de  M(?decine,  etr.,"  Brussels;  Roy  and  Sher- 
rington, "Journal  of    Phvrtiologv,"    11,   85,    ISDO:    Reiner  and*  Bchnitzler, 
"Archiv  f.  exp.  Pathol,  u.  Pliann'akol. ,  **  as.  249,  1897. 


— Schema  to  repreaeol  the 
t  ransmUetion  of  Brt«riaJ  pmu<ure  thrtiuch 
the  bmiii  eubrttance  to  the  veins;  A,  The 
artery,  1'.  the  rrui,  rcprt«cnted  as  enterina 
into  aiiil  emeroiji^  friMxi  a  box  with  ri^u 
walls  and  fiUetf  with  iacxxn preaaible  liquid: 
e,  e*  Uie  interveniac  area  of  amall  arte- 
ne»,  ete.  An  oxpanAion  of  the  walln  of 
the  arterial  aytitem  by  the  puhw  wave  or  by 
a  tine  of  arterial  prfM«<ure  iiirr«aMi»  the  prea- 
0ure  on  the  aurrounding  liquid  aud  tbia  is 
tranamitted  through  the  liquid  to  the  walla 
of  the  veiiie  and  curnpre*w-«r>  ihetn,  i^inee  at 
thii  poiat  of  the  circuit  tbe  intravascular 
prer«MU«  iH  low. 
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of  bloo<^l  flawing  through.  In  tlie  brain,  owing  to  the  peculi&riti^ 
of  its  position,  it  has  been  suggest^  that  perhaps  no  actual  incr 
in  size  is  possible.  It  is  evident,  however,  that  the  existence  of 
li<|ni(i  in  the  siihaniehnoidul  space  makes  possible  some  actual  expan- 
sion of  the  organ.  For  as  the  pressure  upon  this  liquid  increases  it 
may  be  driven  into  the  dnral  sac  of  the  cord  (Fig.  229)  and  along  the 
sheaths  of  the  cranial  and  spinal  nerves.  To  what  extent  this  is 
actually  possible  in  man  we  do  tuit  know,  nor  do  we  know  how  much 
cerebrospinal  licjuid  ia  cfjnlained  in  the  skull  und  brain  of  man.  In 
the  dog  Hill*  Hmls  experimentally  that  the  brain  can  expand  only 
by  an  amount  equal  to  2  or  3  c.c.  without  causing  a  rise  of  intra- 
cranial teasion;  so  that  probably  these  figures  represent  the  amount 
of  expansion  possible  in  this  animal  by  sinifile  S(]ueezing  out  of  the 
cerebrospinal  liquid.  Jf  the  rise  of  arterial  pressure  is  such  as  to 
expand  the  brain  }>eyond  this  |Kiint,  then  tt  may  not  only  force 
out  cerebrospinal  liquid,  if  any  remains,  but,  as  explained  in  the 
last  paragraph,  it  will  eompreaa  the  veins  and  raise  intracranial 


Fi^.  233. — 3tmuitatief>u<«  rtoorvi  of  pul«»  ia  th«  circle  of  WiUu  (e)  aod  in  the  torou- 
lar  H«rophi)i  (0  The  trucinft  from  the  circle  of  Willie  wtm  obtain^  by  meaiu  of  • 
Hurt  hie  nianometer  coeiiect^l  «*ith  the  bead  end  of  the  iutemnl  carotid.  It  will  be  noted 
that  thp  piilHBH  are  •tirriulianfl'rii]<(,  iiulirntinp  thHt  the  venouA  puUe  is  doe  to  the  trmnemi*- 
Niuii  uf  tnp  arterial   pul'W  tbroufch  the  bnuii  huluttance. 


pressure.  To  the  extent  that  the  veins  are  compressed  as  the  ar- 
teries expand  no  actual  increase  in  the  size  or  bloo<l-ca{>acity  of  the 
brain  takes  place.  That  an  expansion  of  the  brain  arteries  com- 
presses the  veins  is  indicated  vers*  clearly  by  the  normal  occurrence 
of  a  venous  pulse  in  this  organ.  The  blcM>t]  flows  out  of  the  veins  of 
the  brain  in  pulses  .synchronous  \\'ith  the  arterial  pulses,  and  thia 
venous  pulse  may  l>e  reconled  easily  as  shown  in  Fig.  233.  In  thia 
case  the  sudden  expansion  of  the  arteries  compresses  the  cerebral 
veins,  giving  a  synchronous  rise  of  pressure  in  the  interior  of  the 
sinuses.  S^^me  authors  (Geigel,  Grashey).  on  purely  theoretical 
grounds,  have  held  that  this  compression  of  the  veins  may  result  in 
a  diminished  blood-flow  through  the  organ, — a  sort  of  self-strangu- 
lation of  its  own  circulation.  Actual  experiment  shows  that 
this  is  not  the  case.  Any  ordinary  rise  of  general  arterial  pressure 
is  accompanied   by  a  greater   blood-flow  through  the   brain,  and 

•  Hill»  "The  Phvfflology  and  PathoIog>*  of  the  Cerebral   Circulation.*' 
London.  1896. 
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the  author*  has  shown  that  sudden  variations  of  arterial  pressure 
far  lieyond  |x>8sihle  nonnal  limits  cause  no  l)loeking  of  the  venous 
outflow.  Wliether  the  hrain  inprp-a.ses  in  vohuue  as  a  result  of 
a  rise  of  arterial  prt^saure  is,  on  the  physioiogicai  side,  iiniinportant; 
the  inain  point  is  that  tlie  amount  uf  blrKxl  flowing  tlirough  it  is 
increased  under  such  circumstances  as  would  cause  a  like  result 
iu  other  organs.  That  the  compression  of  the  veins  does  not 
proiiuce  any  sensible  ffhstruction  to  the  iiliMKi-ttfiw  niay  l»e  under- 
stood easily.  In  the  first  place,  this  compression  does  not  take 
place  at  the  narrow  exit  from  the  skull,— since  at  that  fx>int  the 
sinuses  are  protected  frf)iu  the  action  of  intracranial  pressure. 
The  compression  takes  phice  douhtleas  uj>on  the  cerebral  veins 
emptying  into  the  sinuses,  and  at  this  pcunt  the  venous  bed, 
taken  as  a  whole,  is  so  tai^ge  that  the  expansion  due  to  an 
onlinaiy  rise  of  arterial  pressure  Ls  distributed  and  hns  but  little 
effect  on  the  volume  of  the  How,  Seconilly,  very  great  increases  in 
arterial  pressing,  up  to  the  point  t>f  nipttire  of  the  walls,  have  less 
and  less  effect  in  actually  e.vfjanding  the  arteries;  a  point  is  reached 
eventually  at  which  these  tul>es  l)econie  i)ractically  rigid,  so  that 
farther  expansion  is  impossible.  This,  of  course,  is  true  for  every 
or^an. 

The  Regulation  of  the  Brain  Circulation. — It  is  still  a  matter 
of  uncertainty  whether  the  arteries  of  the  brain  possess  vasomotor 
ner\'es.  Most  of  the  authors  who  have  studied  the  matter  experi- 
uientally  have  concIu<led  that  there  are  none.f  These  authors  were 
unable  to  show  that  stinudation  of  any  of  the  nerve  paths  that 
might  innervate  the  brain  vessels  causes  local  effects  ur_>on  the  brain 
circulation.  Whenever  such  stimulations  causetl  a  change  in  pres- 
sure or  amount  of  flow  in  the  brain  the  result  was  referable  t/)an  alter- 
ation of  general  arterial  pressure  pn'xhired  by  a  vasomotor  change 
elsewhere  in  the  Ixxly.  When  as  a  result  of  such  stimulation  the 
pressure  rises  in  the  circle  of  Willis,  one  may  infer  that  if  this  is  due 
to  a  Ir>cal  constriction  in  the  cerebral  arterioles  there  should  be  a 
fall  of  pressure  in  the  venous  sinuses  and  a  diniinishe(i  flow  of  bloo<l; 
if.  on  the  contrar>',  it  is  duo  to  a  constriction  elsewhere  in  the  body 
that  has  increased  general  arterial  pressure,  but  has  not  constricted 
the  brain  circuit,  then  there  should  be  a  rise  in  venous  pressure  and 
intracranial  pressure,  together  with  a  great<^r  flow  of  blood  through 
the  brain.  Most  observers  obtain  this  latter  result.  Some  inves- 
tigators,— Hurthle,    Fran^ois-Franck.    CAvazanni.J    on    the   other 

♦  Howell,  "  Ameririin  Journal  of  Physiolorv'.' '  I,  57,  1898. 

t  Sec  Rov  Hsui  Sherrinjfton.  UhvIism  and  Hill.  Uill.Ciuertner  and  Wagner, 
he.  eii.,  undHill  and  MacLeod,  "Journal  of  Physiolojjy,"  26.  304,  1901. 

J  Hurthle,  "  .An-hiv  (.  die  i^fpsanunte  Physiolope."  44,  574.  18S0 ;  Kran<;oiH- 
Franck.  *' Archive^  de  physiol.  nomiale  et  patholoKique."  1890;  Cava- 
Banni,  *'.\rc*hive4  itolicnnei^  de  biologie, "  19,  214,  1893. 
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hand,  have  obtained  results,  esi>ecially  from  stimulation  of  the 
cervical  sympathetic,  wliich  indicated  local  vasoconstriction  or  vaso- 
dilatation in  tlie  brain.  It  would  seem,  however,  that  these  latter 
observers  have  not  excKided  the  possibility  that  the  variations 
in  pressure  obtained  by  them  were  due  to  reflex  effects  ujwn  the 
blood-vessels  of  the  body,  especially  as  Frangois-Franck  has 
shown  that  the  sympathetic  in  the  neck  contains  afferent  fibers 
wliich  give  such  reflexes  *  As  an  argument  in  favor  of  the  presence 
of  vasomotor  fil>ers  it  may  also  be  mentioned  that  a  nmnl)er  of 
obser%'ers — (.Julland,  Huber,  Hunterf  have  demonstrated  that  the 
vessels  of  the  bruin  are  provided  with  perivascular  nerve  plexuses. 
It  must  be  achuittal,  however,  that  this  liistological  fact  is  not  con- 
clusive unless  it  is  supplemented  by  experimental  evidence.  Judged 
fnim  this  latter  standpoint,  we  have  no  satisfactory  proof  at  present 
of  the  existence  of  cerebral  vasomotors,  and,  accepting  this  negative 
evidence,  we  may  ask  by  what  means  is  the  circulation  in  the 
bniin  regulate<l?  The  simplest  \iew  is  that  proposed  by  Roy  and 
Sherrington.  AcconliiiK  to  these  authors,  the  i:>lood-flow  through 
the  brain  is  controlled  indirectly  by  vasomotor  effects  upon  the 
rest  of  the  liody.  Wlien,  for  example,  a  vasoconstriction  occurs 
in  the  skin  or  the  splanchnic  area  the  result  is  a  rise  of  pressure 
in  tfie  aorta  and  therefore  a  rise  of  pressure  in  the  circle  of  Willi*?, 
which  then  forces  jnore  blood  through  the  brain.  Adopting  this 
view,  we  can  understand  the  teleology  of  certain  well-known  vaso- 
motor reflexes.  Stimulation  of  the  skin  genemlly  causes  a  reflex 
constriction  and  rise  of  pressure,  and  one  can  well  understand  that 
this  result  is  valuable  if  it  means  a  greater  flow  of  blood  through 
the  brain,  since  under  the  conditions  of  nature  such  stimulation, 
especially  when  painful,  demands  alertness  and  increased  activity 
on  the  part  of  the  animal.  Attention  has  also  been  called  to  the 
fact  that  in  plethysniogmphio  observations  on  man  the  most 
certain  and  extensive  constriptions  of  the  skin  vessels  are  those 
caused  by  increased  mental  activity.  .Morso  has  shown  by  observa- 
tions upon  men  with  trephine  holes  in  the  skull  that  the  constriction 
of  the  limbs  is  always  accompanied  by  a  dilatation  of  the  brain. 
This  fact,  therefore,  fits  exactly  the  \iew  that  is  I>eing  considered. 
The  peripheral  constriction,  by  raising  general  bl(x>d-pres3ure.  <lilates 
the  brain  more  or  less,  and,  what  is  more  imixirtant,  drives  more 
blood  through  it.  It  is  difficult  to  understand  why  psychical 
activity  is  alwa^'s  associated  in  this  way  with  a  peripheml  con- 
striction unless  the  object  of  the  reflex  is  to  increase  the  blood- 
supply  to  the  brain.  Even  if  vasomotor  fil>er8  are  subsequently 
shown  to  be  present  in  the  brain,  the  importance  of  this  reflex  in 

*  Franvois-Franck,  "Journal  tie  phya.  el  do  path.  R^n.,'*  1,  724,  1889. 
t  See  Hunter,  *' Journal  of  Physiologie."  26,  465,  1902. 
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providing  a  greater  flow  in  the  central  organ  at  the  time  that  it  is 
in  activity  must  still  l)e  admitted.  A  genenii  irrigation,  so  to  speak, 
is  provided  for  by  this  means.  IxjpuI  va^sornotors  may  Ije  used  to 
divfrt  this  flow  mainly  tfinntgli  t»ric*  or  another  cerebral  area. 

Vasomotor  Nerves  of  the  Head  Region. — The  vasomotor 
supply  of  the  various  p>arts  of  the  liead.  including  the  mouth  ca\ity. 
has  been  investigatetl  l»y  many  oUserx'ers.  It  would  ap]>ear  from 
the  res^ults  of  most  of  these  investigations  that  the  vasoeonstrictor 
supply  for  the  skin,  including  the  ears,  the  eye.  the  mouth,  and 
buccal  glands,  is  derivetl  mainly,  if  not  entirely,  from  the  sympa- 
thetic nervous  system.  These  fiUers  arise  from  the  spinal  cord  in  the 
upper  thoracic  nerves,  first  to  the  fifth  or  sixth,  emerge  by  tlie  rami 
comnmnicanteiS  to  the  sympathetic  clmin,  in  which  they  jmism  upward 
ftnd  end,  for  the  most  part,  in  the  sui)erior  cenieal  ganglion.  From 
this  ganglion  they  are  distributed,  by  various  routes,  as  jiostgan- 
glionic  iil>er8.  In  one  interesting  instance  at  least  the  constrictor 
iibere  for  tlie  head  take  a  somewhat  different  fourse.  It  was 
shown  i)y  Schifl",  long  ago,  that  in  the  rabbit  the  ear  receives  vaso- 
motor fibers  from  the  auriculans  magnua  nerve,  a  branch  of  the 
tidnl  cer>^ical  nerve.  I-ater  investigations  indicate  (MeUxer)  that 
ihe  ear,  in  fact,  receives  mf>st  of  its  vasoctmstrictor  fibers  fjy  this 
route.  Fletcher,  however,  has  shown  that  these  fil>ers  do  not  emerge 
fmm  the  bmin  in  the  riKit.s  of  the  thinl  cervical,  but  mther  in  the 
general  outflow  from  the  thoracic  region.  After  reaching  the  sym- 
pathetic chain  these  imrticular  fibers  piiKs  to  the  third  cervical  by 
the  gray  rami  from  the  first  thoracic  ganglifin,  which  communicate 
with  a  numi>er  of  the  cervical  nerves.  C*n  the  other  hand^  the  vaso- 
dilator fil>ers  for  the  head  are  supplied  in  part  by  way  of  the  cenical 
•ymimthetic,  following  the  same  general  path  as  the  constrictors, 
and  in  part  by  way  of  the  cranial  nerves  (seventh,  ninth)  and 
the  symimthetic  ganglia  with  which  they  connect.  According  to 
I-angle^',  the  outflow  of  the  seventh  nerve  passes  to  the  spheno- 
palatine ganghon.  whence  as  fK)stganglionic  fillers  they  accompany 
the  branches  of  the  superior  maxillarv'  nene  and  cause  vasodila- 
tation in  the  membrane  of  the  nose,  soft  jjalate,  tonsils,  uvula,  roof 
of  mouth,  upper  lips,  gums,  and  i)harynx.  The  fibers  that  emerge 
in  the  ninth  pass  in  part  ilirectly  to  the  tongue  and  in  part  tenninate 
firat  in  the  otic  ganglion,  whence  they  are  distributed  >^'ith  the 
branches  of  the  inferior  maxillar>'  to  the  lower  lijis,  cheeks,  gums, 
pamtid  and  orbital  glantls.  Dastre  and  Morat  deseril>e  the  vaso- 
dilators in  the  cer\ical  sympathetic  as  reaching  the  fifth  cranial 
nerve  by  communicating  branches  from  the  superior  cerAical 
ganglion  and  state  that  they  cause  dilatation  of  the  buceo-facial 
region, — that  is,  the  lips,  the  gutas,  cheeks,  (palate,  nasal  mucous 
membrane,  and  the  corres}>onding  skin  areas. 
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The  Trunk  and  the  Limbs. — The  vasoconstrictor  filxsrs  for 
these  regions  ure  didtributcd.  so  far  as  is  known,  chiefly  to  the  skin. 
They  arc  all  derived  inimediatcly  from  the  sympathetic  chain  and 
ultimately  from  the  outflow  in  the  anterior  roots  of  the  thoracic 
and  lumbar  spinal  nerves.  Those  for  the  upper  limbs  arise  from 
the  midthoracic  region  chiefly  (fourth  to  ninth  thoracic  ner\*es), 
those  for  the  lower  limbs  arise  in  the  nerves  of  the  lower  thoracic 
and  upper  lumbar  region  (eleventh,  twelfth,  thirteenth  thoracic 
[dog]  and  ftrst  and  sec-ond  lumbar).  The  vasodilator  fibers  in  the 
nerves  of  the  hmbs  have  been  demonstrated  frequently,  as  already 
explained.  Whether  or  not  such  fibers  are  found  in  the  sympathetic 
system  following  the  same  general  course  as  the  constrictors  has 
not  been  shown  conclusively.  The  most  definite  work  at  present 
(Bayliss)  imhcatcs  that  the  vasomotor  effect  is  directly  cause*.!  in 
some  unknown  way  by  sensory  fibers  arising  in  the  posterior  roots 
of  the  nerves  forming  the  brachial  and  the  sciatic  plexus.  The 
unsatisfactory  explanations  offered  for  tliis  re^iult  have  been  re- 
ferred to  (p.  548). 

The  Abdominal  Organs.— The  st^omach  ami  intestines  receive 
their  most  im|xjrtant  supply  of  vasoconstrictor  fillers  by  way  of  the 
splanchnic  nerves  and  celiac  ganglion.  These  fibers  emerge  from 
tlie  cord  in  the  lower  thoracic  spinal  nerves,  from  the  fifth  dowTi, 
and  the  upper  lumbar  nerves,  and  they  supply  the  whole  mesenteric 
circulation  as  far  as  the  descemUng  colon.  According  to  some 
ol>3ervers  (Frangois-Franck  and  HaUion),  the  mesenteric  vessels 
receive  a  supply  of  vasodilator  fibers  by  the  same  general  route,  and 
it  is  also  stated  that  similar  filmrs  n^ach  this  region  through  the  v:igus 
nerve.  Concerning  this  lat-ter  statement  at  least  further  con- 
firmation is  necessary.  The  pancreas  has  been  shown  to  receive 
vasoconstrictor  fibers  by  way  of  the  splanchnics,  and  the  kiflney, 
according  to  Bradfoni,  receives  vasotlilator  o^  well  as  vasocon- 
strictor fibers  from  the  same  nerve.  Mr)st  of  the  vasomotor  fibers  to 
the  kidney  of  the  dog  emerge  from  the  cord  in  the  roots  of  the 
eleventh,  twelfth,  and  thirteenth  thoracic  nerves,  and  those  for  the 
fiver  ( Francois- Franck  and  Hallion)  come  from  about  the  same 
region.  The  vasomotor  supplies  of  the  spleen  and  the  bladder  have 
not  as  yet  been  investigates!  successfully. 

The  Genital  Organs. — Roth  vasoconstrictor  and  vaso<1ilator 
fibers  have  been  discovered  for  the  external  genital  organs  (penis, 
scrotum,  chtoris,  vulva).  The  vasoconstrictors  arise  in  the  dog 
from  the  thirteenth  thoracic  to  the  fourth  lumbar  nerves,  pass  over 
to  the  sympathetic  chain,  and  thence  reach  the  organs  either  by 
way  of  the  hypogastric  nerve  ami  pelvic  plexus  or  by  way  of  the 
sacral  sympathetic  ganglia  and  their  branches  to  the  pudic  nen*es. 
The  vasodilator  filKJrs  arise  from  the  sacral  spinal  nerve,  being  the 
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best  known  of  the  sacral  autonomic  system.  They  enter  the  ner- 
viis  erigens  and  thence  reiirh  t!ie  organs  by  wa>'  of  the  pelvic 
plexus.  The  es|>eciai  iiii|.M>rtance  of  these  fibers  in  the  process  of 
erection  is  described  in  the  secrtion  on  the  physiology*  of  the  repro- 
ductive organs.  The  internal  genital  organs — utenis,  vagina, 
vaa  deferens.  scmin;il  vesicles,  etc. — receive  nu  vasomotor  Hbexs 
from  the  sacral  autonoraic  system, — that  is.  from  the  nervi  eriijentes 
— but  do  receive  a  supply  of  constrictor  fil>ers  from  the  sympathetic 
s^'stcm.  These  latter  fibers  emerge  from  the  c*ird  in  the  nM>ts  of 
the  upper  lumbar  nerves  and  reach  the  organs  liy  way  of  the  in- 
ferior nifrsenteric  ganglion  and  hyix^gastric  nerve.* 

Vasomotor  Supply  of  the  Skeletal  Muscles. — Gaskellt  es- 
pecially has  given  eviilence  of  the  existence  of  vasomotor  fibers  in 
the  muscles.  He  concludes,  as  the  result  of  hLs  work,  that  ihe  l)kK>d- 
veeBels  of  the  nuiscles  receive  both  vasoconBtriclor  aiul  vas()dilator 
fibers,  but  that  the  latter  greatly  predominate, — at  least,  their 
physiological  effect  is  much  more  evident  in  experimental  work. 
As  proof  of  the  presence  of  dilator  fil)er8  he  give^  such  results  as 
these:  The  mylohyoid  nniscle  of  the  frog  is  thin  enough  to  be 
observed  <hrectly  un<ler  the  microscope.  When  curarized  and 
8timi]late<l  through  its  motor  nerve  the  small  vessels  may  be  seen 
to  dilate  and  there  is  an  augmented  flow  of  blood.  In  a  dog  section 
of  the  motor  nerve  to  a  muscle  is  folUiwed  by  a  greatly  increased 
flow  of  blood,  which,  however,  is  only  tenifwrary  and  is  refcralile  to 
a  mechanical  stimulation  of  the  dilator  fil>ers.  Direct  stinudation 
of  the  severed  nerve  causes  an  incre^ised  flow  of  blf>(»l  through  the 
muscles,  but  if  the  muscles  are  first  completely  cururizeJ  stiuudation 
causes,  on  the  contrary,  a  decreased  flow.  Tliis  last  result  is  ex- 
plained on  the  supix>sition  that  curare  paralyzes  the  endings  of  the 
dilator  fibers  and  thus  allows  the  effects  of  the  constrictors  to  mani- 
fest themselves.  Since,  however,  Bayliss  has  shown  ttr  claimed  (p. 
548)  that  the  dilator  effect  in  the  limbs  is  due  to  the  antidromic 
etion  f>f  sensr>ry  fibers,  it  is  evident  that  this  important  (piestion 
is  reinvestigation.  Various  physiologists  have  shown  that 
muscular  activity  is  accompiinied  by  an  increase  in  the  blotnl-flow 
through  the  muscle,  as  we  shouM  expect,  but  it  remains  uncertain 
whether  this  result  is  brought  al>out  sfdely  by  an  increased  activity 
of  the  heart  or  by  the  combined  effect  of  vasodilatation  and  in- 
crease in  heart-work.  Kaufmann  X  takes  this  latter  view  in  con- 
sequence of  some  interesting  results  obtained  upon  horses.  He 
measureil   the  blooil-flow  through   the  masseter  nmscle  and   the 

•  For  the  l>iblio(criiiihy  of  the  vajnoinotor  supply  to  llie  varioa**  organs  *«e 
I^anglev,  "  F>Kebiiisso  tier  Phv-iinlopie, "  veil  ii.  fiart  u,  p.  R20,  HKK? 

t<*;»iHktn.  "Joiinml  of  PhyHiologj,"  I,  262,  lft7S-79. 

]  Kaufnitinn,  "  .\rchivet  de  phyaioloKir  normaie  et  fiathologique, "  1802, 
pp.  2711  ojid  1115. 
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elevator  of  the  Up  in  a  horse  in  which  the  muscles  were  CAercised 
normally  by  the  aft  of  eating.  The  hlowi-flow  was  increased  as 
much  as  five  times  over  that  obsen'ed  during  rest,  and  that  this 
increase  was  due  in  part  at  least  to  a  loeal  dilatation  seems  to  be 
proved  by  the  fact  that  the  Mood-firessure  in  the  arter>'  supplying 
tfif  muscle  fell,  while  ihiit  in  the  vein  rose.  While,  therefore,  our 
ex|>erimcntal  knowleilge  of  tht^  vasomotors  of  the  muscles  needs 
further  investigation,  we  nia\'  provisionally  accept  the  view  ad- 
vocated by  CJaskell, — namely,  that  the  vasomotor  supply  to  the 
muscles  consist-s  essentially  of  dilator  fibers  and  that  these  fillers 
arr*  brought  into  action  retiexly  whenever  the  nuiscles  contract, 
thus  pnjviding  an  increased  blood-flow  in  proportion  to  the  func- 
tional af^tivity. 

The  Vasomotor  Nerves  to  the  Veins, — It  is  assumed  in  physi- 
ology' that  the  vasoconstrictors  and  vasochlators  end  in  the  muscula- 
ture of  the  small  arteries,  'ilie  veins  also,  however,  have  a  nuiscular 
coat,  and  it  is  iM>ssible  that  if  this  niust^ulature  were  inner\'ated 
from  the  central  nervous  system  we  shoultl  have  another  efficient 
factor  in  controlling  the  blood-tiow.  Mall  has  given  verj'  clear 
]>nM^f  that  the  |>ortaI  vein  rt*ceives  vasoconstrictor  fil)ers  from  the 
sphmcfmic  nerve,*  but  this  supply  may  be  exceptional,  as  the  portal 
system  itself  is  unique.  I'he  j)ortal  vein,  indeed,  plays  the  nMe 
physiologically  of  an  arter>'  in  reganl  to  the  liver.  Roy  and 
Shcrriugtoot  give  some  evidence  for  the  existence  of  venomotor 
nen-es  to  the  large  veins  of  the  neck,  and  'l'hon)pson.  as  alsti  Ban- 
croft.! reports  exj^erirnents  in  which  it  was  founii  tliat  stinudation 
of  the  sciatic  nerve  caused  a  visible  constriction  of  the  superficial 
veins  of  the  hind  limbs.  The  whole  subject,  however,  of  venomotor 
nerves  has  (>een  hut  little  investigated,  and  at  present  little  or  no 
use  is  made  of  this  possible  system  in  explaining  the  facts  of  the 
circulation. 


THE  CIRCULATION  OF  THE  LYMPH. 

The  ilirection  of  flow  of  the  l>'m|"»Ii  is  from  the  tl-wues  towani  the  larye 
l>niiphutif  trunks,  the  tliorncir  iind  the  rifjht  lymphatic  tluct.  The  flow  U 
maintained  in  this  direction  mainly  hv  a  {liPference  in  pressure  at  tlie  two  cihIh. 
Al  the  ui>enin^  of  the  Urge  tnmks  into  the  veins  the  pressure  is  ver>-  low; 
in  tlie  vein,  in  invi,  it  may  I>e  zero  or  even  nepativo.  The  opening  Ijctwceii  I  lie 
lymph  vessel  and  tlie  vein  is  protectetl  hv  a  valve  which  opens  towani  the 
vein,  and  the  lymph,  therefore,  will  How  into  the  vein  as  long  as  tlir  prps*- 
sure  in  tfie  latter  \»  lower  than  tliat  in  the  lyinphatio  duct.  At  the  other  ex- 
tremity of  the  system,  in  the  tisstie  spaces  to  which  the  Ivinphatir  cnpillarie:* 
are  distrihutetl,  the  pressure,  on  the  tontrnry,  is  high.  Its  exact  amount  i?* 
not  known,  but,  since  the  pr^sure  in  (lie  Itlood  rapillari&i  is  o«|UftI  to  4tMKJ 
inms.  Hp,,  the  pressure  in  the  titpiid  of  the  snrronnding  tissues  must  aUo  lie 
coni«iderable.     The  tissues  are,  in  fatt,  in  a  condition  of  lurgidity  owing  to 

♦  Mall.  '•  Arohiv  f.  PhvsinloRif/'   1S92.  p.  400. 

t  Roy  niid  Sherrington.  "Journal  of  Physiolojcv, "  It^SS,  \HiHl 

t  Bancroft,  '*  .American  .hnirn.d  »if  rhysioU»g>*,*'  1,  4<i,  1898. 
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Uie  pressure  of  the  tyniph  in  the  tissue-»pareei.  Tliis  (lifTerenoe  in  proiisure 
Jil  the  two  ernU  of  the  Ivriiphalir  Msteni  is  the  main  constant  fartor  in  mov- 
iiiijc  I  he  Iviiiph.  It  is  oftvious  diJit  ill  the  loiijc  run  it  is  deiKnulent  ui>on  the 
prerwure  witliin  tlie  hUKMl-ve?v<'N  ttiul  therefore  upon  the  forre  of  llie  heart 
beat.  The  ciinirurtions  of  the  heart  supply  the  eiicrpy,  not  only  for  the  inove- 
mejil  of  iho  hhMKt,  hut  hIso  for  the  much  -^tower  tnovetnent  of  the  lymph.  The 
cimilation  of  the  lymph  ia  ai(jcd,  however,  hy  nmny  acce»«orv  forton*.  In 
mains  mtinuUs  there  urc  genuine  lymph  heart-s  ui>oii  the  course  of  the  vesseb, — 
that  bt.  pulsatile  exiianhioiL^  of  the  lymph  vessels  whose  force  of  l»eat,  ron- 
trulted  by  vnlvcK.  i^  tlirectly  apohed  to  in<)\'uig  the  lymph.  \o  surh  stmrtures 
are  found  in  the  mammalia,  but  according  to  .s<mie  ol)ser\ers  the  laree  re- 
rcptarle  at  t!ie  liegiiming  of  the  thoracic  duct.  recei)tnr»ilum  chyli  may 
undergo  4'<>iilrvtioiis,  and  h<,  l)&«ides,  under  the  influence  of  motor  and 
inhibit/>ry  nervfts.  Such  movements,  if  they  <iorur.  mu.Ht  lie  ennivalent  to  the 
actinu  of  «  lymph  heart  m  their  influence  u|M)n  the  flow  of  lymph.  Tlie 
fUm  of  lymph  or  chyle  in  the  intft<tinal  area  is  aUo.  without  doubt,  preatlv 
■nitfted  by  the  (•eri.nahic  and  fr.|>ecially  hy  the  |K.Mulular  contractions  of  the 
miuirulature  of  the  int&^tin&4.  Tlie  volume  of  the  l>^nph  in  this  region  m 
»i*<-iaily  hirge  and  the  lynmli  capillaries  ami  veins  are  provided  with  valves. 
Hhyttiniii-al  c*Mitrm'ti4in>  of  the  musculature  of  the  intes*tine  must  siiueeie 
the  Ivmph  toward  the  tlioracic  duct,  acting  like  a  local  pump  to  accelerate 
U»e  rfott  cif  lymph.  \  nimilar  influence  is  exertetl  by  the  contraction-  of  the 
ikelelAl  niUM-lc^.  The  cnm)>re!v-«ion  e\enetl  by  the  thortened  filjers  M^ueezes 
the  lymph  ves%eU  and,  on  account  of  the  valves  oresent.  forces  the  lymnh 
onwartl  toward  the  Un^r  duct.*.  The  flow  of  lympn  from  the  resting  muscle« 
—the  arms  anri  leg^.  for  instance — U  uoniially  small  in  (|Uantity.  but  liurinK 
miiM-uiar  exerct«<e  and  massage  it  is  obviously  iiuTe-atied.  This  increase  may 
li*  ol»*erve«!  in  exj)eriment:il  W{»rk  bv  placing  a  caimula  in  the  tlioracic  duct. 
Active  or  paK-^ive  moveinent-i  of  the^imbs  under  these  conditions  will  cause  a 
noticealtle  incrcftse  in  the  outflow  from  the  duct.  Still  aiiolhtr  factor  which 
tXMvitfes  mil  influence  ui>on  tlie  flow  of  lymph  is  fount!  in  the  respiratory  move- 
BNntfl  at  the  thorax.  At  each  in<^piration  the  pres.surc  within  the  thorax  \» 
dlmbiirfidil  fincreaseof  negative  prc^tsure),  and  thi.<  factor  influences  tlie  lymph 
flow  in  several  ways:  By  incr<>asing  the  flow  of  blood  through  the  large  \-eins 
at  the  edpe  of  the  thorax,  jugulars  ami  !*ulK'lavians,  it  doubtlcs-  aspirate? 
lymph  fnuii  the  thoracic  anti  right  lymphatic  tluct^  into  these  veins.  More- 
wer.  by  lowering  tlie  nressure  upon  the  intrathoracic  portion  of  the  thoracir 
diicl  it  a\^^  a.*]Mrates  tne  lymph  from  the  al»lonuiial  |K)rtion  of  this  ve-*^. 

WluMi  we  itlac-e  a  cannula  in  the  thoracic  duct  and  measure  the  outflow 
directly  it  is  found  to  |»e  exceedingly  slow  and  variable.  Older  meaf«ure- 
meiiU  (VVeLsit)  indicate  that  it  hiu*  a  velocity  in  the  duct  in  the  neck  of  about 
■I  inms.  |>er  Mvond,  but  this  velmity  changes  naturally  with  the  conditions 
influencing  the  jirodurtion  of  lynij)!!  in  the  tissues.  Heidenhain  estimates  that 
for  »  ilog  weighing  10  kgm«i.  the  tot^  outflow  from  the  thoracic  duct  in  24 
houn  18  ecjual  to  (HO  c.c.  Munk  aiwl  KoHen^teill,  from  observations  u[toti  a 
CMS  with  a  Ivmph  listula.  estimated  that  in  man  the  How  may  l>e  e4[Vial  to 
50  to  Vyi)  or  120  c.c.  per  hour. 


SFXTTION  VI. 
PHYSIOLOGY  OF  RESPIRATION. 

Historical. — ^The  temi  rcspimtion  as  usually  eniplc 
physiology  refers  to  the  proro.ss  of  ga^icous  exchange  between  an 
organism  ami  its  en\'irorunent.  This  exchange  consists  essentially 
in  the  ahsor])ti(Ui  of  oxygen  hy  the  living  matter  and  the  elimination 
of  carbon  thoxid.  It  is  one  of  the  genenilizatioiLs  of  physiolog.v  that 
all  Uving  matter,  with  the  exce[)tion  perhaps  of  the  anaerobic 
organisms,  requires  oxygen  for  it^s  vil^al  processes,— that  is.  it* 
charaeteristtc  metabolism.  On  the  other  hand,  one  of  the  universal 
enti-produet.s  of  this  metabolism  is  rar)>on  dioxid.  Hence,  respira- 
tion in  some  form  Ls  one  great  characteristic  of  living  things.  In 
the  simplest  animals  and  |>lant^.  the  unicclhdar  organisms,  the 
exchange  Ijetween  the  air  (or  water)  and  the  organism  takes  place 
directly,  but  in  the  more  complex  animals  some  form  of  respirator^' 
apparatus  Ls  deve]oj>ed  whose  function  consists  either  in  bringing 
the  air  or  oxygen-laden  water  to  the  constituent  cells,  as  in  the  air 
tul>es  of  the  inscrt^s,  or  in  bringing  the  circulating  blood  into  contact 
witli  the  air  or  water,  as  in  the  case  of  animals  provided  with  lungs 
or  gills.  In  man  and  the  air-lireathing  vertebrates  tlie  latter  device 
Is  employed  and  one  may  distinguish  in  such  animals  between 
internal  and  external  rej^jiiratirm.  Hy  the  latter  t^rm  is  meant  the 
gaseous  exchange,  absorption  nf  oxygen  and  elimination  of  carlion 
dioxid,  that  takes  place  in  the  lungs  between  the  blood  in  the  pul- 
monary capillaries  ami  the  air  in  the  alveoli.  Hy  internal  respira- 
tion is  meant  the  similar  excluinge  that  takes  place  in  the  systemic 
capillaries  l>etween  the  blood  and  the  tissue  elements.  All  of  this 
exchange  is,  so  to  sj^eak,  9econdar\',  since  the  essential  process 
consists  in  the  history  of  the  oxygen  after  it  is  absorl>ed  into  the 
tissues, — that  is,  the  part  taken  by  the  oxygen  in  the  metabolism  of 
living  matter.  This  process,  however,  is  a  part  of  the  subject  of 
nutrition.  The  food  absorbed  from  the  digestive  organs  and  the 
ox)'gen  taken  from  the  lilood  have  a  common  history',  or  at  least 
their  reactions  are  indissolubly  connected  after  they  come  within 
the  fiehl  of  influence  of  the  Uving  molecules.  This  side  of  the  ftmc- 
tion  of  the  oxygen  may  be  considered,  therefore,  more  appropriately 
in  the  section  on  nutrition.  In  the  [>R*sent  section  attention  will  l)e 
directe<l  to  the  beautiful  means  that  have  been  adapted  to  the  pur- 
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pose  of  supplying  the  tissues  with  oxygen  and  of  remo\^ng  the 
carbon  dioxid. 

The  true  understanding  of  the  object  of  the  act  of  respiration  we 
owe  to  Lavoisier,  the  discoverer  of  oxygen.  In  his  paper  published 
in  1777,  entitleci  "  Ex[>eriment^  on  the  Respiration  of  Animals  and 
on  the  Changes  whicli  the  Air  Tnciergoes  in  Passing  througl^  ihe 
Lungs,"  he  laid  the  foundations  of  our  present  knowledge,  and 
in  subsequent  work  he  develojjed  a  conception  of  the  nature  of 
physiological  oxidations  which  htis  dotninated  the  physiological 
lhi*ories  of  nutrition  up  to  the  present  time.  The  discoven*  of  the 
physiological  meaning  of  respiration  and  the  function  of  the  lungs 
constitutes  the  mast  interesting  part  of  the  hLstory  of  physioiog>'. 
All  the  great  physiologists  of  past  ages  contributed  their  part  to 
the  story,  and  as  we  look  back  we  can  connt  distinctly  the  different 
steps  made  toward  the  truth  as  wr  nnderst^nnd  it  to-day.  The 
history-  of  this  subject  is  not  only  nuwt  instructive  in  demons*  rating 
the  triumplmnt  although  slow  progrejss  of  scientific  investigation, 
but  it  illustrates  well  also  the  intimate  interrelations  of  physiology 
vnth  the  sister  sciences  of  cheuustri'  and  physics  and  the  great  vahie 
of  the  ex  |)eri  mental  motluMl.  The  theory  of  res[>iratinn  HpIiI  in  ench 
centun'  was  fornmlatefl  to  exjilain.  as  far  as  possible,  the  fact,s  that 
were  known,  and  as  we  look  back  from  our  vantage  point  it  is  most 
impressive  to  realize  how  well-known  phenomena,  im|>erfectly 
understood,  were  apparently  explained  by  (hcaries  which  we  now 
know  to  be  incorrect.  Without  doubt,  many  of  the  explanations 
accepted  to-day  will  in  later  times  lie  found  to  rest  u|X)n  a  similar 
incomplete  knowledge.  Each  generation  nuist  do  the  best  it  can 
with  the  knowleiige  of  its  tijnes. 

The  hist^)rv'  of  respiration,  the  successive  steps  in  its  progress  may 
be  smnnmrized  in  a  few  words.  Aristotle  thought  that  the  main 
fimctiou  of  respiration  is  to  regtdate  the  heat  ttf  (he  body,  which  was 
supposetl  to  be  produced  in  the  heart;  hence  the  increased  respira- 
,  tions  after  muscidar  exercise  when  the  body-heat  is  increafied.  At 
rthe  same  time  he  l>elieved,  with  the  philosnphers  of  his  times,  that 
the  bo<ly  receives  something  from  the  air  that  is  necessan'  to  life,  a 
subtle  something  that  he  designated  as  the  **  pneuma."  Praxagoras 
taught  that  blood  is  contained  only  in  the  veins,  and  that  the  ar- 
teries arc  filled  \Nith  a  gaseous  sul>stance,  the  "pnettma"  derived 
frum  the  air,  an  unfortunate  error  that  prevailetl  in  medicine  for 
several  centuries.  The  two  celebrated  anatomists  and  physiologists 
of  the  Alexandrian  school,  Herophilus  and  Erasistratus,  distin- 
guishe<i  two  kinds  of  pneuma,  the  vital  spirits,  which  are  made  or 
extracted  from  the  air  in  the  lungs  and  whcjse  production  consti- 
tutes the  chief  function  of  respiration,  and  the  animal  spirits,  elabo- 
rated in  the  brain  from  the  vital  spirits  and   responsible  for   the 
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functions  of  motion  and  sensation.  Galen  ( 1 31  A.  D.)  demonstrated 
that  the  arteries  as  well  as  the  veins  contain  blood,  but  still  l>elievetl 
that  the  chief  fimction  of  the  respiratorv*  movements  is  to  furnish 
pneiirau  ox  vital  spirits  to  the  heart.  This  great  physiologist  noticed 
also  that  the  air  i^  necessar>'  for  combustion  as  it  is  for  life,  and 
stated  his  behef  that  the  explanation  of  one  of  these  acts  would 
l)e  also  an  explanation  of  the  other.  This  thought  seems  to  have 
l>een  accepter!  by  all  the  physiologists  of  subsequent  times,  but  it 
required  over  sLxteen  hundrcfl  years  of  investigation  before  a  aatis- 
factoiy  solution  was  reached.  CJalen  recognized,  moreover,  that 
not  only  ilocs  the  l)looii  take  something  of  essential  importance  fnmi 
the  air. — namely,  vital  spirits, — but  it  also  gives  off  sfimething  to  the 
air  that  is  injurious  to  the  body,  a  something  which  he  comparetl  to 
the  smoke  of  combustion  and  designated  as  the  "  fuliginous  vapor. " 
If  we  substitute  oxygen  for  \ital  spirits  and  carbon  dioxid  for 
fuliginous  vajwr  we  realize  that  the  essential  problem  of  resjnration 
was  already  clearly  fomiulatcil,  but  could  not  make  further  advance 
until  chemical  knowledge  was  more  fully  developed.  Such  is  the 
case  with  some  of  our  physiological  problems  to-day.  Galen  also 
explained  satisfactorily  the  respirator>'  movements,  the  action  of  the 
muscles  of  inspiration  and  expiration,  thus  destroying  the  older 
erroneoiLs  theories  that  the  expansion  and  contraction  of  the  lungs 
are  ilue  to  processes  of  heating  and  cooling. 

Galen's  physiolog}'  held  undisputed  sway  until  the  seventeenth 
century.  At  that  time  there  arose  a  school  of  physiologists,  the 
iatromechanists.  who  |)rotHJsetl  to  explain  all  vital  piienomena  upon 
known  mechanical  principles, — tlie  laws  of  physics  and  chemistr>'. 
For  the  mystical  view  of  vital  spirits  they  proposecl  to  sul)stitute  a 
more  rational  and  concrete  theon'.  The  blood  in  the  lungs  liecomes 
red  simply  because  it  is  minutely  sul)divide<l  and  shaken,  just  as  a 
lul>e  of  blood  Ijecomes  red  when  violently  agitated.  Thus  an  effort 
to  be  more  scientific,  to  use  the  exact  knowledge  of  physics,  led  to 
the  adoption  of  views  which  we  now  know  were  far  more  emoneous 
than  the  ancient  and  intrinsically  correct  conception  that  the  blood 
receives  something  from  the  air  in  the  lungs. 

In  the  seventeenth  centuiy,  however,  began  those  discoveries 
in  chemistry  and  physiologv*  which  eventually  led  to  our  present 
knowledge.  Van  Helmont  (1577-1644)  discovered  that  in  the 
burning  of  charcoal,  the  fennentation  of  wine,  and  the  action  of 
nnegar  on  chalk  a  special  gas  is  producer!  which  he  called  ga« 
sylvestre  and  which  we  call  carbon  dioxid.  Robert  Boyle  (1627- 
1691)  published  a  most  interesting  series  of  experiments  made  with 
the  aid  of  the  recently  discovered  air-pmnp  which  demonstrated  the 
correctness  of  the  view  held  by  (ialen  that  the  air  contains  some- 
thing necessary  for  life  and  for  combustion.     He  showed,  moreover. 
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that  air  that  had  been  repeatedly  inspired  was  no  longer  capable 
of  maintaining  liff*-  Robert  Hooke  ( 1 6.'}5-l  703)  intrrwhired  a 
rrietho<l  of  artifitial  respiration  by  jneans  of  a  bellows,  and  demon- 
strated by  sending  a  continuous  stream  of  air  througli  the  lungs 
that  the  respiraton'  movements  of  these  oiT^ans  arc  in  themselves. 
asamechanical  pnx-ess,  in  no  vviye  ancAsentiul  featuivof  respimtlon. 
John  Alayow  in  1688-1674  dis<'t)verod  tli:it  ;iir  is  not  a  simple  ele- 
ment, but  contains  a  definite  substance  necessary  to  life  and  to 
combiistionr  He  designated  this  substance  as  the  nitro-aerian 
vapor  or  nitrous  jwirtioles,  because  he  l)eUeved  that  the  siime 
substance  is  present  in  ciindeiLscii  fonu,  as  it  were,  in  conunon  niter, 
having  found  lluit  combustion  is  fxissible  even  in  a  vacuum  in  the 
presence  of  niter. 

In  the  eighteenth  centur>',  as  is  shown  Jn  the  work  of  the  great 
physiologist,  Haller.  the  theories  of  respiration  were  in  many 
respects  hi  a  nuist  unsi»tisfact^)r>'  state.  Tlie  new  facts  that  had 
been  discovered  made  the  okl  views  nntonabie,  hut  were  not  in 
themselves  sufficient  to  explain  clearly  wimt  actually  takes  place. 
Such  jjeriodsof  uncertainty  and  dissatisfaction  are  frequent  enough 
in  the  histor>'  of  science.  In  certain  parts  of  [jhysit)k»>o'  trniay 
we  can  recognize  a  similar  state  of  affairs  and  from  the  histor>^ 
of  respiration  we  may  assume  that  periotls  of  this  character  are 
necessary  transitions  to  a  fuller  and  more  satisfactory'  knowledge. 
In  17.57  Jaseph  Black  retliscovered  carbon  dio?dd,  calling  it  fixed 
air,  and  showed  that  it  is  present  in  expireti  air.  A  little  later 
l*riestly  discovered  and  isolated  oxygen  and  nitrogen;  but.  under 
the  influence  of  an  emineous  view  of  combustion  that  had  lieen 
advanced  by  Stahb  was  unable  to  give  his  discoveries  a  clear  and 
aatisfacton'  application.  The  final  step  in  this  progress  was  made 
by  the  wonderful  work  of  I^ivoisier  l)etween  the  years  1 771  and 
1780.  He  made  correct  analyses  of  air  and  of  carlxm  dioxid,  he 
explained  combustion  as  an  oxidation  with  the  formation  of  CO, 
ad  H,C).  he  showe<l  that  in  respiration  the  same  process  occurs 
nd  that  the  blooil  takes  oxygen  from  the  air  and  gives  back  to  it 
in  expiration  the  carbon  dioxid  and  water  fonned  by  combustion 
within  the  l>ody.  He  gave  us  the  essential  fact*  in  the  modem 
theories  of  respiration  and  physiological  oxidations. 

After  I>avoisier  the  chief  |x)sitive  atlvances  tliat  liave  been  made 
luive  lieen  in  reference  to  the  condition  of  the  gases  in  the  blood. 
By  means  of  the  gas-pump  Magnus  (1837)  obtained  these  gases 
quantitatively  and  thus  procureti  data  which,  as  Liehig  showed, 
demonstrate  that  the  oxygen  Ls  held  in  the  blood,  not  in  simple 
^lotion,  but  in  some  form  of  chemical  combination,  probably 
ith  the  re<l  corpuscles.  Finally  it  was  shown  by  Stokes  and 
Hoppe->SeyIer  that  the  oxygen  is  held  in  deiinite  chemical  com- 
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bination  with  the  hemogloliin.  The  nature  of  the  combination  of 
the  carbon  dioxjd  in  the  blood  is  not  yet  entirely  understood,  while 
the  actual  nature  of  physiological  oxidations — that  is.  the  part 
taken  by  the  ox>'gen  in  the  chemical  reactions  of  living  matter — 
is  one  of  the  great  problems  of  nutrition  which  may  need  many  years 
for  solution. 


CHAFIER  XXXIV. 

THE  ORGANS  OF  EXTERNAL  RESPIRAHON  AND  THE 
RESPIRATORY  MOVEHENTS. 

Anatomical  Considerations, — Some  of  the  anatomical  ar- 
rangements in  the  Itmga  which  have  an  immediate  physiological 
interest  may  be  recalled  briefly.  The  structure  of  the  trachea  and 
bronchi  is  admirably  adapted  to  their  functions  as  air  tubes,  in  that 
the  walls  jx>ssess  fle?dbility  combined  with  rigidity.  The  lining  of 
ciliateti  efiithelium  throughnvit  the  air  fwissages  is  of  importiincc, 
primarily  it  may  be  assumed,  in  removing  mucus  and  foreign 
material  from  these  passages.  The  smaller  lironchi  possess  a  dis- 
tinct muscular  layer,  and,  as  we  shall  see,  tliis  musculature  is  under 
the  control  t)f  a  siMJcial  set  of  nerve  filK^rs  thnjugh  whose  reflex 
activity  the  capacity  and  resistance  of  the  bnnK-hial  system  may  be 
modifietl.  The  smallest  bronchioles  are  expandcil  into  a  system  of 
membranous  air  cells,  and  in  the  walls  of  these  thin  sacs  the  capil- 
laries of  the  pubnonarv'  artery  are  distributed.  The  great  efficiency 
of  this  apparatus  is  e\ident  when  one  recalls  that  ever>'  one  of  the 
infinite  number  of  red  corpuscles  is  exposed  separately  to  the  air  in 
the  air  cells,  so  that  although  the  time  of  transit  is  brief  the  entire 
amount  of  hemoglobin  is  nearly  completely  saturateti  uith  oxygen. 
Each  lung  is  enveloped  in  its  own  pleural  siic.  The  space  between 
the  parietal  and  the  visceral  layer  of  each  sac  is  the  so-called 
pleural  cavity,  but  it  must  be  borne  in  mind  that  under  all  normal 
conditions  this  cavity  is  only  potential,— that  is^  the  parietal  and 
visceral  layers  are  ever\^where  in  contact  with  each  other,  lender 
pathological  or  accidental  conditions  air  or  exudations  may  enter 
this  space  and  fonn  an  actual  cavity.  Along  the  mid-line  of  the 
body  and  around  the  roots  of  the  lungs  we  have  the  mediastinal 
spaces  lying  between  the  pleural  sacs  of  the  two  sides,  but  entirely 
fille<l  with  the  various  thoracic  viscera,  such  as  the  heart,  aorta  and 
its  branche-s,  pulmonarv  art^eri'  and  veins,  vena?  cavje,  aaygos  vein. 
trachea,  esophagus,    thoracic  duct,   various   nen'es,  and   hmph 
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glands.     All   these  organs,   therefore,   lie  outside  the  lungs.    A 
schematic  view  of  these  relations  is  rcpresent.e<l  in  Fig.  234. 

The  Thorax  as  a  Closed  Cavity, — The  thorax  is  a  cavity  entirely 
shut  off  from  the  outside  and  fn>ni  the  abdominal  cavity.  In  this 
cavity  lie  the  lungs  and  the  varioii.s  viscera  enunienit-e*!  above. 
The  hjngs  may  be  considered  as  two  large,  membranous  sacs,  as 
rej)re9ented  in  Fig.  2'M,  the  interior  of  which  communicates  freely 
with  the  outeide  air  tlm>ugii  the  trachea,  glottis,  etc..  while  the 
outside  of  the  sacs  is  j)n)tected  from  atmospheric  pressure  by  the 
walls  of  the  che-st.  The  atmospheric  pressure  on  the  interior 
surfaces  of  the  lungs  expantls  these  structures  under  normal  con- 
ditions until  they  fill  the  en- 
tire thoracic  cavity  not  occu- 
pieil  by  other  organs.  How- 
ever the  size  of  the  chest 
cavity  varies,  that  of  the 
hmgs  must  change  accord- 
ingly; so  that  at  all  times  the 
hmgs  fully  fill  up  ever)'  part  of 
the  cavity  not  otherwise  occu- 
pied. If  the  wall  of  the  thorax 
IS  ojjeneil  at  any  i>oint  so  as  to 
nuike  conmiuni<*ation  with  the 
outside  air,  or,  if  the  wall  of 
the  lung  is  pierce<i  so  that  the 
air  can  communicate  with  the 
pleuml  cavity,  then  at  once 
the  luntrs  shrink  in  size,  since 
the  atmospheric  pressure  is 
then  ec|ualize<l  on  the  out«ide 
and  the  inside  of  the  sacs. 
W©  may  consider,  therefore, 
t  hut    t  he    t  h(  )racic    cavi  ty    is 

much  larger  than  the  lungs,  and  that  the  latter  are  blown  out  to 
fill  this  cavity  by  the  atmospheric  pressiut;  on  the  inside. 

The  Normal  Position  of  the  Thorax — Inspiration  and  Expira- 
turn. — During  life  tlic  size  of  the  thorax  Ls  continually  changing  with 
the  respirator)'  movements.  Hut  the  size  and  position  t-iken  at  the 
end  of  a  normal  expiration  may  be  regardeii  as  the  normal  position 
of  the  thorax;  that  is,  its  fxisition  when  all  of  the  muscles  of  respira- 
tion are  at  rest,  and  8ul)stantially,  therefore,  the  position  of  the 
thorax  in  the  ca<laver.  Starting  from  thi.s  jMwition,  any  enlargtv 
ment  of  the  thorax  constitutes  an  activv  inspiration,  the  result  of 
which  will  f>c  to  draw  more  air  into  the  lungs  :  while  starting  from 
the   normal   position    any  diminution   in   the  size  uf  the  thorax 


Ftic>  234.  — Scheinii  lu  uxlirate  ilie  re- 
lation.- of  the  purieuU  BUii  vktcenil  la\*ori  <ii 
tbe  pleural  tmcrt,  ami  Uie  pinilit'ti  u(  the  tn^ 
dutAtinal  «[Mic<>:  /*,  Uie  potential  pleurnt 
cavity  in  each  i*c;  M,  the  mfOukftmaJ 
i«|iace,  H.L.  mtul  L.L.,  the  canity  of  the 
nKht  axKl  the  left  lunff,  respeotively;  T.  the 
trachea.  The  outlitiee  of  the  pleura  on  eafib 
eiiiie  arc  r»preaeot«d  in  dotted  Unea. 
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constitutes  an  acliiv  expiration,  which  will  drive  some  air  out  of  the 
lungs.  It  is  evident,  however,  that  after  an  active  iasf)iralion  the 
thorax  may  return  ])assively  to  its  normal  position,  gi\'ing  what  is 
known  as  a  passive  expiration, — that  is,  an  expiration  not  caused 
hy  muscular  effort.  So  after  an  active  expiration  the  thorax  may 
return  pa.saively  to  iUs  nf>rnial  position,  giving  a  passive  inspiration. 
Our  tionnal  respirator^''  movements  consist  of  an  active  in^spiration 
followed  by  a  ptwsive  expiration, 

Mechanism  of  the  Inspiration. — The  chest  cavity  may  l>e 
enhir^ed  antl  an  inspiration,  tiierefore,  he  produceil  hy  two  methods, 
— namely,  by  a  contraction  of  the  diaphragm  and  by  an  elevation 
of  tfie  ribs. 

ConinTctiofi  of  tfie  Diaphragm. — Frf>m  the  anatomy  of  the 
diaphragm  it  is  evident  that  its  fixed  attaclunent  is  found  in  its 
iimsf'ular  connections  with  tfie  lumbar  vertehni*,  the  rilis,  and  the 
ensiform  cartilage.  From  these  attachments  the  nuiscular  sheet 
extends  anteriorly  along  the  walls  of  the  thorax  and  then  jjends  over 
to  form  the  arch  which  ends  in  the  central  tendon.  This  latter 
structure  is  not  entirely  free,  since  it  is  attached  to  the  |iericar- 
dium  of  the  heart  ;  but,  rpla(ively,  it  is  the  movable  ]K^rtion  of 
the  diaphnigm.  Sjwaking  genenilly,  a  contraction  of  the  dia- 
phragmatic muscle  tlra>vs  the  central  tendon  downward  toward  the 
abtloniinal  cavity  and  therefore  enlarges  the  chest  in  the  vertical 
diameter,  while  an  increiise  in  the  thoracic  cavity  around  the 
jjeriphery  of  the  diaphragm  is  catise<l  also  by  the  flattening  of  the 
muscular  arch.  Two  results  follow  this  movement:  The  lungs  are 
expanded  exactly  in  proportion  as  the  ca\ity  enlarges.  There  is» 
of  course,  at  no  time  any  sjiace  between  the  lungs  and  the  dia- 
phragni:  as  the  latter  moves  downward  the  lungs  follow  l)ecauseof 
the  excess  of  ]>ressure  on  their  interior.  Although  ordinarily  we 
speak  of  the  new  air  iveing  sucked  into  the  lungs  during  this  move- 
ment, it  is,  of  course,  strictly  speaking,  forced  in  by  the  pressure  of 
the  outside  atmosphere.  On  the  othrr  baud,  the  descent  of  the  dia- 
phragm raises  the  pressure  in  the  abiloitiinal  cavity.  This  ca>'ity  is 
entirely  full  of  viscera  and  for  mechanical  purjK^ses  may  l>e  reganled 
as  being  full  of  Ii(|uid.  The  rise  of  pressure  is  transmitted  throughout 
iheabclomen  and  causes  the  abdominal  wall  to  jirotnide.  Inspiration 
caused  hy  a  contraction  of  the  diaj>hragm  is  therefore  spoken  of 
cither  as  dinphrngrtuUic  rrapimlion  or  as  alxlominol  rvJipinUion.  the 
latter  term  having  reference  ti>  the  vi.sil>le  effect  on  the  abdominal 
walls.  In  strong  contractions  of  the  diaphragm  the  heart  also  is 
jndled  downward,  and  if  the  rnovenient  is  forced  the  lower  ril)S  n)ay 
l)e  pidled  inward  to  some  extent.  This  last  effect  would  dinnni.sh 
the  size  of  the  thorax  and  therefore  tend  to  antagonize  the  inspira- 
tory action  of  the  diaphragm,  and  other  muscles  are  apparently 
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bnjught  into  pla}*  to  prevent  this  result.     As  stated  below,  the 

mmdnitus  lumimnim  anil  the  serratus  posticus  inferitjr  nmy  have 

this  function  of  fixating  the  lower 

ribs  ill   violent   ins|)irations.     The 

tlimphragniatic  muscle  is  innervated 

on  each  side  by  the  eorresponding 

phrenic  nerve.    'J'his  nerve  arises 

in  the  neck  from  the  fourth  and 

tifth    rer\*ical    spinal    nerves,   and 

jtaHites  ilownward   in   the  chest  in 

the  nieitiastinal  sfiace,  lying  clost* 

to  the  heart  in  jwirt  of  its  course. 

8eelion  of  this  nerve  |>ttralyzes,  of 

course,  tlie  diaphragm  on  the  cor- 

ros[)onding  side. 

Elevation    of    the    Ribs. — As   a 

ijeeesaar>'  result  of  the  stnicture  of 

the   lx>ny  thonix,  every  elevation 

of  the  ribs  must  cause  an  enlarge- 
ment of  the  thoracic  ca\'ity  in  the 

<lorsoventnil  and  the  lateral  dium- 

Blers.  We  are  justified  in  saying 
it  every  muscle  whose  contrac- 
tion causes  an  elevation  of  the  ribs  is  an  inspiratory  muscle.  This 
result  is  due,  in  the  first  ])lHce,  to  the  slant 
of  tlu'  rilis,  Macfi  riij  is  attached  to  tlie 
si»inul  coiunin  at  two  [Miiiits:  the  head  to 
the  lx)dy  of  the  vertcljra  and  the  tubercle 
to  the  transverse  process.  The  up-and- 
down  movements  of  the  ril>8  may  be  re- 
garded ari  stations  around  an  axi^f  joining 
these  two  p()int.«, — that  Ls,  each  [>oint  in 
the  rib  as  it  moves  up  or  down  de8crii>e3 
a  circle  arotmd  this  axis  (see  Fig.  235). 
If  our  ribs  were  set  upon  the  vertebral  col- 
umn s<i  that  the  plunti  of  the  rib  formed  a 
right  angle  with  the  colunm,  then  ever>' 
movement  of  the  rib  up  or  down  wouhl 
decrease  the  size  of  the  thorax  and  there- 
fore cause  an  expiration.  As  a  matter 
of  fact,  however,  the  riljs  slant  downwanl, 
so  tfiat  if  elevated  tlic  sternal  end  is  car- 
ried farther  away  from  the  sternum  and 
the  chest  is  enlarged  in  the  dorso ventral 
Moreover,  as  the  rib  moves  upwani  there 


-l>inffr«ni  to  U- 
lu^trmtc  Ibe  vfTi*c(  of  ttte  ^nt 
llw  «p)iial  col- 
,.  ihr-  ,-.-itt..((  uf  the 
■n ;  («') 
•  •t^d)  in 
..;..;  ::.:  ...  :.iiiee  Ite- 
I  tiie  ^I'ltml  rxliimn  aiw) 
thr  -"rrrnurn  («*,l.  Ihe  «nlen>- 
IMjKirridr  iir  »!nr«ivenlral  ili- 
amrt^r  nt  the  chent  U  in- 
rrff«^«<j).  Any  movement  fniiii 
ih#  fwMQtkna  a'  wauld  cause  an 
''^  liiriUon. 
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is  an  ol)vious  enlargement  of  the  chest  in  the  lateral  diameter. 
This  result  may  he  referred  to  two  causes:  In  the  first  plane,  the 
axis  of  the  rotation  of  the  ribs, — that  is,  the  line  joining  the  head 
and  the  tubercle  of  the  rib  is  inclined  downward  so  that  the  plane 
of  rotation,  wliich  is,  of  course^  at  right  angles  to  this  axis,  will  be 
inclined  outwartL  As  the  Tih  is  moved  upward,  therefore,  it  ninst 
also  move  outward.  Secondly  the  cartilaginous  ends  of  the  ribs  are 
fixed  at  the  sternum  so  that  as  they  move  upward  and  oiitwanl 
they  will  bo  twisted  or  evertcrl  somewhat  in  the  middle,  \\ith  a 
torsion  of  the  cartikiginous  ends. 

The  Muscles  of  Inspiration. — Inadtlifion  to  the  diaphragm, 
all  muscles  attached  to  the  tliorax  whose  contraction  causes  an 
elevation  of  the  ribs  must  be  classed  as  inspirator)'  muscles.  In 
regard  to  this  latter  group  tfie  action  of  some  of  them  is  either 
evident  from  their  anatomical  atUichment.s.  or  the  muscles  may  be 
stimulatcii  directly  and  the  effect  of  their  contraction  noted.  In 
other  caaes.  liowever,  it  is  necessary  to  make  use  of  the  methrnl 
first  suggestetl  by  Newell  .Martin, — namely,  to  determine  whether 
the  contraction  of  the  muscle  in  respiration  occurs  siravdtaneously 
with  that  of  the  diajihragm  or  alteniateiy  ^vith  it.  In  the  foniier 
case  it  is  inspiratory,  in  the  hitter  expiratory.  The  following  mus- 
cles may  be  classed  as  inspirator^' :  Lvvalorea  costnnim.  They  arise 
from  the  transverse  process  of  the  seventh  cenieal  an(i  first  to 
eleventh  thoracic  vertebne  and  are  inserted  int-o  the  next  rib  or  the 
second  rib  bebw.  Inlercostales  exlerni  muscles.  They  lie  in  the  inter- 
costal spaces  extending  from  the  lower  edge  of  one  rib  to  the  upper 
edge  of  the  ril>  below ;  they  slant  downward  and  towani  the  mid-Hne. 
These  nuiscles  have  been  assigned  different  functions  by  different 
authors,  but  the  experiment's  made  by  Hou^h.*  nsin^  the  method 
of  Martin  tlescribed  above,  show  that  they  are  inspiratxin'.  It 
was  found  that  in  the  dog  they  contract  synchronously  with  the 
diaphragm.  The  same  authors  find  that  the  intenartilaginous 
jKirtions  of  the  internal  intenostals  are  als<j  inspimtorv.  The 
sailcni — anterior,  medius.  and  posterior — arise  from  the  transverse 
processes  of  the  cervical  vertebne  and  are  inserted  into  the  first  and 
second  ribs.  M,  siemfxietdo-mastoidms  extends  from  the  mastoid 
process  to  the  sternum  and  sternal  extremity  of  the  clavicle.  M , 
ptc^oralis  minor  extends  from  the  coracrnd  j)rocea«  of  the  scapula 
to  the  anterior  surface  of  the  second  to  the  fifth  rib.  M,  scrrntus 
posiicusi  superior  extends  fn>m  the  spinous  processes  of  the  lower 
cervical  and  upjwr  dorsal  vertebne  U)  the  second  to  fifth  rib. 

The  Muscles  of  Expiration. — Kxpiration — that  is,  <]iminuti<m 

♦Hough,  "Stuilies  fmiii  tlie  HioloRiral  KiiVioratoiy,  Jolui  Hopkiiw 
Universitv."  5,  91,  1893,  and  iierjtendal  arul  Hen;niai),  *' Skandiimvlsthe* 
Archiv  f.'PhvHiologie/'  7,  178,  1806. 


EXTERNAL   RESPIRATION   AND  KESFIRATORT   MOX-EMENTS.     575 


in  size  of  the  thorax — may  also  be  produced  in  two  ways:   First, 
by  forcing  the  diaphragm  farther  int^  the  thoracic  cavity.    Thia 
result  is  obtained,  not  by  any  direct  action  of  the  diaphragm,  but 
by  contracting  the  muscular  walls  of  the  abdomen,  the  extenial  and 
internal  oblique,  the  rec^tus,  and  the  transversus.     The  contraction 
of  these  muscles,  which  fonn  wJiat  has  been  called  the  abiloniiniil 
press,  raises  the  pressure  in  the  abdomen  and  tluH.  acting  ujKTn  the 
under  surface  of  the  dinphnigm,  fon-es  it  up  into  the  thorax,  pro- 
virletl  the  glottis  is  nj>en.     If  the  glottis  is  kept  closed  firmly  the 
increttse<l  alxiominal  pressure  is  felt  mainly  ufxni  the  jH*lvic  organs, 
and  this  process  is  used  in  micturition,  defecation,  and  parturition. 
Second,  by  depressing  the  ribs.     The  muscles  which  may  be  sup- 
])nsed  to  exert  this  action  are  as  follows:  M.  iniervosUtlrs  inUmi. 
The  expirat-or\'  action  of  these  muscles,  so  far  as  the  intcn>sseou8 
portion  is  concerned,  was  first  definitely  shown  by  Martin,  who 
proved  timt  when  they  contract  they  act  alternately  with  the  dia- 
phragm.*   M .  t  riiinf pilaris  stern  i  or  the  m .  trans  rrrsiut  thoraris  is  found 
on  the  interior  of  the  thorax  on  the  anterior  wall.     It^  fibers  pass 
from  the  sternum,  nmning  upward  Jiud  outward,  to  l>e  inserted  into 
the  thini  to  sixth  rib.     The  expiratory   action  of  this  muscle  was 
dcmoiistrate<i  by  Hough  according  t(j  the  method  of  .Martin,     M . 
tliccoUalis  lum}>orum.     The  anatomical  attachments  of  this  nmscle 
Are  such  as  would  enable  it  U)  depress  the  ribs;   but  its  functional 
activity  in  expiration  has  not  been  demonstrated.    The  m.scrratus 
jMBticus  inferior  and    m.   qwuhnhts  lumbarum    are    btith    placed 
.^nAtomieally,   especially   the    fonner,  so    that    their   contractions 
©erve  to  depress  the  ril>s.     It  has  been  suggestetl,  however,  that 
they  may  act   in  forced  inspirations  so  as  to  antagonize  the  t^n- 
•iency  of  the  diaphragm  to  pull  the  lower  ribe  inward.    Whether 
tliey  really  act  with  the  diaphragm  or  alternately  with  it  can  only  be 
determined  by  actual  exi)criment.     So  far  as  the  author  knows, 
such  exj>eriments  have  not  been  made. 

Quiet  and  Forced  Respiratory  Movements;  Eupnea  and 
Dyspnea. — ( hir  respirator^'  movements  var>-  much  in  amplitude, 
and  the  muscles  actually  inv()Ive<l  differ  naturally  with  the  extent 
of  the  movement.  In  general,  we  distinguish  two  different  forms  of 
breathing  movements.  The  ordinary  quiet  respirations,  made 
>*'ithout  ob\ious  effort,  form  a  condition  of  respiration  designated 
as  eupnea.  Difficult  or  labrtred  breathing  is  known  as  dyspnea. 
It  is  impossible  t^  draw  a  sharp  line  between  the  two.  There  are 
many  degrees  of  dyspnea,  and  doubtless  in  quiet  breathing  the 
amplitude  of  the  movements  may  var>'  considerably  before  they 
l>e<'ome  distinctly  dyspneic.  In  all  conditions  of  eupnea  the  chief 
|>fiint  to  l>ear  in  mind  is  that  the  expiration  is  entirely  jiassive. 
•  Martin  and  Hurtwell,  "Journal  of  Hhwidlopj."  2,  24.  1879. 
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The  iaspiraticm  in  man  is  made  by  the  <]iaphragm  alone  or  by  th&l 
diaphiupiii  together  uith  some  action  of  the  levatores  costarujn  ancti 
the  external  intercostsiR     At  the  end  of  the  inspiration  the  ril:>8  and! 
diaphmgin  are   bnuight   back   to   the   normal   position   by  piirelyj 
physical    forces, — tlie  elasticity  of  the  distended  abdominal  wall, 
the  elasticity  of  the  expande<l  lungs,  the  weight  and  torsion  of 
the  ribs,  etc.     As  soon  as  the  bn^^ thing  movements  Ijeeome  at  all 
forceti  the  action  of  the  above-named  inspirator)'  muscles  is  in- 
creased in  intensity,  and  the  other  inspiratory  muscles,  all  elevators 
of  the  ribs,  come  into  play,     t^uiet  breathing  in  man  at  least  is 
mainly  diaphnigmatic  or  abdominal,  while  dyspneic  breoithing  is 
characterized   by  a  greater  ac'tir>n   of  the  elevators  of  the  ribs. 
When  tlyspnea  rearhcvS  a  cert:un  stage  the  expiration  also  l>ecomes 
active  or  forced.     The  expiratory  act  is  hastened  by  a  eontractioni 
of  the  abdominal  nniscles  or  of  the  depressors  of  the  ribs,  and 
indeed  the  aetion  of  these  muscles  may  compress  the  chest  beyond 
its  normal  jx)sition,  sif  that  the  expiration  is  followed  by  a  })assive^ 
ins[jir:ition  which  brings  the  chest  t-o  its  normal  jxjsition  l>efore  tlio^ 
next  active  inspiration  bcgin.s. 

Costal  and  Abdominal  Types  of  Respiration,— These  two 
types  of  resi)imtion  are  based  upon  the  chiiracter  of  the  inspirator}'' 
movement.  Aninspiralion  in  which  the  movement  of  tiiealxlomen, 
due  to  pontractirm  of  the  diaphragm,  is  the  chief  or  only  feature 
belongs  to  the  abdominal  type.  An  inspiration  in  wliich  the  eleva- 
tion of  the  ribs  i.s  a  noticeable  factor  belongs  to  the  cast^il  type. 
Hutchinson,  who  introduced  this  nomenclature,*  laid  emphasis 
chiefiy  upon  tlie  order  of  the  movements.  In  the  abdominal  i 
type  the  alniomen  bulges  outward  first,  and  this  is  followed  by 
a  movement  of  the  thorax;  the  movement  spreacb  from  the 
ai>domen  to  the  thorax,  and,  *'likc  a  wave,  is  lost  over  the  thoracic 
region/'  In  costal  breathing  the  up|)er  ribs  move  first  and  tba^ 
abdomen  second.  The  tcr.i»s  are  mennt  to  apply  chiefly  to  human 
respiration  and  have  arouse<l  interest  in  connection  with  the 
fact  that  in  quiet  breathing  in  the  erect  yx>sture  the  respiration 
of  man  })elongs  to  the  abdiiminal  type  anti  that  of  woman  to  the 
costal  type.  It  has  IxMin  a  question  whether  this  difference  is  a 
genuine  sexual  distinction  or  dej^ends  simply  u|>on  difTerenceB^ 
in  dress.  Hutchinson  indineii  to  the  view  that  it  forms  what  we 
should  call  a  secon<lar>'  sexual  clmmcterislic,  and  that  its  physio- 
logical value  for  woman  lies  in  the  fact  that  pmvision  is  thus  marie, 
as  it  were,  against  the  period  of  pregnancy.  He  states  that  in 
twenty-four  young  girls  examined  between  the  ages  of  eleven  and 
fourteen  the  costal  tyj-te  was  present,  although  none  of  them  had 

♦Sec  Hutchinson,  article  on  "Tliorax,"  Todd's '*Cycloimtiia  of  .\nttt- . 
omy  and  Physiology, "  1849. 


EXTERXAL  RE8PIR-\TIOX   AND   HESPIR.\TORY   UOVtilMKNTS.     577 


tight  dress.  Later  observers,  however  (Mays,  Kellogg,  and 
others),  state  that  Indian  and  Cliiuese  women  who  have  not  worn 
.tight  dress  exhibit  the  abdominal  type,  and  the  same  statement  is 
egarding  civilized  white  women  who  hal>itiially  wear  loose 
clothing.  It  would  appear,  IhereforD,  that  the  assumption  of  the 
costal  type  by  women  in  general  is  tlue  to  the  hindrance  offered  by 
the  clothing  to  the  movements  of  the  abdomen.  From  an  exami- 
nation of  four  hundred  and  seven  cases  Fitz*  conchides  that  when 
the  restricting  eflfect  of  dress  is  removed  there  is  little  or  no  ililTcr- 
ence  in  the  type  of  respiration  in  the  two  sexes.  The  natural  type 
is  one  in  which  '*the  movement  is  fairly  equally-  balanced  between 
chest  and  abdomen^  the  alxioiiunal  being  somewhat  in  excess." 
When  the  respiration  becomes  dyspneir  it  takes  on  a  distinctly 
costal  type,  and  Fitz  and  others  have  shown  that  for  an  ef|ual  in- 
crease in  girth  the  thoracic  movements  cause  a  greater  enlargement 
of  the  lungs. 

Accessory  Respiratory  Movements. — In  addition  to  the  mus- 
cles whose  action  directly  enlarges  ur  dinunishes  the  capacity  of  the 
thorax  certain  other  muscles  counccteil  with  the  air  passages  Con- 
tract rhythmically  with  the  inspirations,  and  may  be  designated 
properly  aa  accessory*  nnisclcs  of  inspiration.  The  muscles  es- 
pecially concemetl  are  those  controlling  the  size  of  the  glottis  and 
the  of>ening  of  the  external  nares.  At  each  inspiration  the  elevators 
of  the  wings  of  the  nose  come  into  play.  This  movement  occurs  in 
normal  breathing  in  many  animals^  such  as  the  rabbit  and  horse, 
and  in  some  men,  while  in  dyspneic  breathing  it  is  invariably 
present.  The  useful  result  of  the  movement  is  to  reduce  the  resis- 
tam^e  to  the  inflow  of  air.  So  in  many  animals  the  glottis  is  dilated 
^at  each  iitspiration  by  the  contraction  of  the  posterior  crico-aryte- 
1  tjoid  muscles,  and  in  man  also  tliL*?  movement  is  evident  when 
the  breathing  is  at  all  forced.  The  useful  result  in  this  case  also  is 
a  reduction  in  the  resistance  offered  to  (ho  inflow  of  air. 

The  Registration  of  the  Rate  and  Amplitude  of  the  Respira- 
tory Movements. — Many  methods  are  enipluyed  to  a'^ister  the 
rate  or  amplitude  of  the  respirator}*  movements.  l'p<jn  man  the 
amplitude  may  l>e  measured  <lirectly  by  a  tajK?  place<l  at  different 
levels  to  ascertain  the  increase  in  girth,  or  it  ma>'  l>e  recorded  by 
some  form  of  lever  or  tJimbour  ajiplled  to  the  chest  or  abdomen. 
A  convenient  instrument  for  this  pun>ose  is  the  pneumograph 
descril)etl  by  Marey  which  is  illustrated  and  described  in  Fig.  237. 
In  animal  experimentation  the  various  methods  that  are  employetl 
mav  Ik?  classified  under  four  heads:  (1)  Methods  in  which  the 
change  in  circumference  or  diameter  of  the  chest  or  abdomen  is 
recorded.  (2)  Metho<ls  in  which  the  change  of  pressure  in  the  air 
♦  Flit,  •*  Journal  of  Kx|jcrimeutal  .Metiii-ine/'  I.  1S9C. 
37 
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passages  is  recorded.  In  these  methods  a  tube  inay  be  inserted  into 
one  of  the  nostrils  for  instance,  and  then  connected  to  a  tAnilx)ur  the 
lever  of  which  makes  its  record  on  a  kyniograpliion,  or  if  the  animal 
is  tracheotomized  a  side  tube  upon  the  tracheal  camiula  may  l>e 
connected  to  a  tambour.  This  method  indicates  well  the  rate  of 
movement  and  the  relative  amjilitude,  but  has  the  defect  that  it 


Kig.  237. — Fijcure  of  HAreyV  pneumoffranh. — (Verdin.)  The  instrument  coatiBl*  ot 
ft  tatnbuur  (0.  mounted  on  a  flexible  metiu  plate  (p).  By  means  of  the  bands  e  made 
the  metal  plate  is  tied  to  the  chest.  Any  increaae  or  decrease  in  the  sise  of  the  chert  will 
then  affect  the  tambour  by  the  lover  arranseraent  nhown  in  the  figure.  Theae  chancea  in 
the  tambour  are  transmitted  thrDUgh  the  tube  r  oh  pressure  changes  in  the  oontained  air 
to  a  second  t&mbour  (not  showm  in  the  figure)  which  records  them  upon  a  «aioked  drum. 


does  not  reconi  the  pause,  if  any,  at  the  end  of  inspiration  or  ex- 
piration. A  modification  of  this  method  that  permits  an  accurat-e 
recorti  of  the  amplitude  and  duratinn  of  the  movements  consists  in 
connecting  the  trachea  or  nostrils  with  a  large  bottle  of  air.  The 
animal  breathes  into  and  out  of  the  bottle,  and  the  corresponding 


l-iK-  I'.tS. — *iir\c  of  uomial  refljMratorj*  movetnents, — (Marcy.)  ("uf  vp  .1,  full  liur, 
repreisentH  the  movenients  when  the  respiration  is  entirely  Dorrnol.  Down^trnke,  in<«pira- 
tiofi;  ufMtroke,  expiration.  Cur\'eO.  dotted  tine,  repre.'wnts  the  tnrrea^ed  ampliiude  uf  the 
movements,  alight  dyspnea,  caused  by  breathing  through  a  narrow  tube. 

variations  ia  pressure  are  recorde<l  by  a  tambour  also  connected 
with  the  interior  of  the  bottle.  (.*i)  Methods  in  which  the  change 
of  pressure  in  the  thoracic  cavity  is  recorded.  This  end  may  J>e 
rcjiched  by  inserting  a  cannula  into  the  thoracic  wall  so  that  it« 
o{>cning  lies  in  the  pleural  cavity,  or,  more  simply,  a  catheter  or 
sound  connected  at  the  other  end  to  a  tambour  may  be  passed  down 
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the  esophagus  until  its  end  lies  in  the  intrathoracic  portion. 
I  Variations  in  pressure  in  the  mediastinal  space  synchronous  with 

the  respirator)'  movements  affect  the  esophagus   antl    through  it 

the  sound.  (4)  Methmis  in  which  the  movements  of  the  dia- 
Lphragm  are  reconlerl  either  by  a  tambour  or  lever  thrust  between 
*thc  diaphragm  and  liver,  or  by  hooks  attacfied  directly  to  muscular 

slips  of  the  diaphragm.     Registration  of  the  mr>vements  in  man 

during  quiet  breathing  give  us  such  a 

record  as  is  seen  in  Fig.  2.'i8.     It  will 
I  be  seen  that  the  inspiration  (descend- 
ing limb)  is  followed  at  once  by  an 

expiration,    as   we    should    expect, 

since,    as   eoon    as    the    inspiratory 
'muscles   cease    to    act,  the    physical 

factors  mentione<l  aK>ove  at  once  tenri 

to  bring  the  chest  back  to  its  normal 

position.    The  expiration  (ascending 

limb)  is  at  first  rapid  and  toward  the 
lend  ver>'  gradual,  so  that  there  i.s  al- 
most a  con(Ution  of  rest, — an  expira- 
tory pau.se. 

The  Volumes  of   Air  Respired 

and  the  Capacity  of  the  Lungs. — 
^The  vdlimie  of  air  respired  varies,  of 

course,  with  the  extent  of  the  move- 

xnenta  and  the  size  of  the  imlividual. 

This    volume    may    be    determine*! 

readily  in  any  given  case  by  means 

of  tifpiromcier, — a  form  of  gasometer 

adapted  to  this  purpose.     The  ron- 

eiruciion  of  this  apparatus  is  repre- 

0ento<]  in  P'ig.  239.     It  consists  of  a 

frra<luated  cylinder  (A)  and  a  n^ceiver 

(B)  filled  with  water.     The  cylinder 

A  \8  counterbalanced  by  a  weight  (g) 

eo  as  t/>  move  up  and  down  in  the 

water  of  ^  with  the  least  possible  re- 

sijstance.     The  tube  C  passes  through 

the  wall  of  B  and  ends  in  the  interior  of  .4  above  the  level  of  the 

water.  The  free  end  of  this  tube  is  connected  with  the  mouth 
.or  nooe.  When  one  breathes  through  this  tul>e  the  expired  air 
"passes  into  A,  which  ri.ses  from  the  water  to  receive  it.     If  A  is 

graduated   the  amount  of  air  breathed   out    may   Ik?   measured 

directly.     The   following    terms   are   used:    Vital  capadiy.     By 

vital  capacity  is  meant  the  fpiantity  of  air  that  can  be  breathed 


Fi«.  2;j9.~Wlnlrich'«  modifi- 
catinn  of  Hutchinaoo's  itpirometer. 
— (Rrxchert.) 
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out  by  the  deepest  possible  expiration  after  making  the  deepest 
possible  inspiration.  It  gives  a  rough  measure  of  lung  cai:)aoity,J 
and  is  used  in  gyinnasiiiins  and  physical  examinations  for  this  pur 
pose.  The  actual  amount  varies  with  the  indixidual:  an  aver 
figure  for  the  adult  man  is  ^TiM)  c.c.  Tidal  air.  By  this  l«rm  is 
meant  the  amount  of  air  breathed  out  in  a  normal  quiet  expiration. 
A  similar  amount  is  breathed  in,  of  course,  in  the  pre\aous  inspira- 
tion, and  the  term  tidal  air  flesignates  the  amount  of  air  that  Hows  I 
in  and  out  of  the  lungs  with  each  quiet  respiraiorv'  movement. 
Here,  again,  there  are  individual  variations.  The  average  figure 
for  the  adult  man  is  olX)  c.c.  The  completiientnl  air,  Thia  term' 
designates  the  amount  of  air  that  can  l>e  breathed  in  over  and  aUive 
the  tidal  air  by  the  deepest  possible  inspiration.  It  is  estimate*! 
at  1600  c.c.  The  supplemenlal  air.  By  this  term  is  meant  the 
amount  of  air  that  can  l>e  breathed  out,  after  a  quiet  expiration,  by 
the  most  forcible  expiration.  It  is  equal  als<>  to  1600  c.c.  It  is 
evident  thai  the  c'omj>lemental  air  plus  the  supplemental  air  plus 
the  tidal  air  constitute  tlie  vital  capacity.  The  residual  air.  ASVer 
the  most  forcible  expiration  the  lungs  are  far  from  being  entirely 
collapsed.  The  vohime  of  air  that  remains  l)chind,  after  the  sui>- 
plemental  air  \uis  been  driven  out,  is  known  as  the  residual  air. 
The  amount  of  this  air  has  been  estimated  directly  on  the  cadaver 
(Hermann).  The  thorax  was  first  pressed  into  a  position  of  forced 
expiration;  the  trachea  was  then  IJgated.  the  chest  opened, tlie  lungs 
removed  and  their  volume  estimated  by  the  amount  of  water  dis- 
placed when  the>'  were  iiujuersed.  The  average  result  from  sucli 
estimations  was,  in  n)und  numbers,  1000  c.c.  Lender  conditions  of 
normal  breathing  the  reserve  supply  of  air  in  the  lungs  is  equal  to 
the  residual  air  plus  the  supplemental  air. — that  is,  2600  c.c.  Mitii- 
mal  air.  When  the  thorax  is  opened  the  lungs  collajxse,  driving  <nit 
the  supplemental  and  residual  air,  but  not  quite  completely,  iiefore  , 
the  air  cells  are  entirely  emptied  the  small  bronchi  leading  to  then 
collapse  and  their  walls  adhere  with  sufficient  force  to  entrap  a  little 
air  in  the  alveoli,  it  is  on  this  account  that  the  excised  lungs  float 
in  water  and  are  tiesignated  as  lights  by  the  butcher,  llie  small 
amount  of  air  caught  in  this  way  is  designated  as  the  minimal  air. 
In  the  fetus  l^efore  birth  the  lungs  are  entirely  solid,  but  after 
birth,  if  respirations  are  made,  the  lungs  \U)  not  collapse  completely  J 
on  account  of  the  capture  of  the  niiainial  air.  Whether  or  not  thai 
lungs  will  float  has  constitute<l.  therefore,  one  of  the  facts  use<l  in 
medicolegal  cases  to  determine  if  a  child  was  stillborn.  The  lungSj 
during  life  may,  under  certain  comiitions.  again  l:)ecome  in  par 
entirely  .solid.  If  any  of  the  alveoli  become  completely  shut  oflf 
from  the  trachea  by  an  accident  or  by  pathological  conditions  the 
air  caught  in  then;  may  Ije  completely  absorbed,  after  a  certain 
interval,  bv  tlie  circulating  blood. 
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The  Size  of  the  Bronchial  Tree  and  the  Ventilation  of  the 
Lungs. — ^Since  the  reser\'e  supply  of  iiir  in  the  lungs  riiay  uinount  to 
260()  c.c.  while  the  new  air  breathed  in  at  eaeh  insf)iration  nrnounts 
lo  only  500  c.c,  it  would  seem  at  first  that  the  alveolar  air  is  not 
very  efficiently  renewed  by  a  (|uiet  iri.spiratiun.  The  actual  amount 
of  ventilation  effected  depemis  on  the  capacity  of  the  bronchial 
tree.  Acconling  to  obsen^ations  f(ninded  partly  tm  ineasurenicnts 
of  easts  of  the  tree  and  partly  upon  ph^'siological  detemiinations 
nmde  by  hreAthing  air  poor  in  oxygen,  it  would  seem  that  its  total 
capacity  may  be  reckoned  at  140  ex.*  At  each  inspiration, 
ihrrefore,  at  least  .'i6()  c.c.  of  air  jienetrate  into  the  alveoli,  and 
if  evenly  disseminated  through  the  hings  ad<l  alwuit  ^\  to  the 
volume  of  each  alveolus.  Once  in  the  alveoli,  diffusion  must  tend 
to  spread  the  air  rapidly,  and  that  this  ocrnirs  is  shown  by  an 
interesting  experiment  i)erformed  by  Grehant.  He  l)roathed  in 
500  c.c.  of  hydn)gen  instead  of  air  and  then  exuiniiied  the  amount 
of  hydrogen  breathed  out  in  successive  expirations.  Only  170  c.c. 
were  recovere<l  in  the  first  expiration,  180  c.c.  in  the  second,  41  in 
the  third,  and  40  in  the  fourth. 

Artificial  Respiration.— In  laboratory'  experiments  artificial 
resjjiration  i-*  emplo\'etl  fi-efpiently  after  the  use  of  curare;  when  it  is 
neceasarv'  to  open  the  chest;  after  cessation  of  respirations  from 
ovenloses  of  chloroform  or  ether,  etc.  The  method  used  in  almost 
all  cases  is  the  reverse  of  the  normal  procedure, — that  is,  the  lungs 
are  expandetl  by  |x>sitive  pressure  (pressure  in  excess  of  atmos- 
pheric). A  l)ellows  or  blast  worked  by  hand  or  machinery  is  con- 
nected with  the  trachea  and  the  lungs  are  dilated  by  rhythmical 
strokes.  Provision  is  made  for  the  escape  of  expire<l  air  by  the  use 
of  valves  or  by  a  siile  hole  in  the  tracheal  cannula.  Xumerou* 
fonns  of  respiration  pumps  have  l»een  devise<i  for  this  purpose. 

In  ca.ses  of  suspended  respirations  in  human  lyings  from  drown- 
ing, electrical  shocks,  pressure  ujwn  the  medulla,  etc..  it  is  necessary 
to  u.**e  artificial  respiration  in  order  to  restore  normal  breathing. 
IVIlows  naturally  can  not  l>c  used  in  such  cases.  Some  method 
must  l»e  employed  to  expand  and  contract  the  chest  alternately,  and 
ieveral  different  ways  have  lieen  devised.  The  Mar>;ha11  Hall 
method  consists  in  placing  the  subject  face  down  and  rolling  the 
bo<ly  from  this  r4)  a  lateral  yxjsition,  making  some  pressure  ui>on  the 
back  while  in  the  prone  position.  The  Sylvester  method,  which  i« 
frecjuently  used,  consists  in  raising  the  amis  above  the  hejid  and 
then  bringing  them  down  against  the  sides  of  the  chest  so  as  tr> 
ci)m|>ress  the  latter.  The  Howard  metho<l  consists  in  simply  com- 
pressing the  lower  part  of  the  chest  while  the  subject  is  in  a  supine 
poflition.  Schaefer,  who  has  recently  comjTared  these  different 
•  See  Ux!wy,  "  .\rchiv  f.  die  ge$amint«  Physiologic,"  58,  416. 
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methods,  suggests  one  of  his  own,  which  seems  to  be  effective,  saves 
labor,  and  is  less  injurious  to  the  suljject.*  He  describes  it  as  fol- 
lows: "It  consists  in  laying  the  sul)jet;t  in  the  prone  |x>5:ture, 
preferably  on  the  ground,  \s'ith  a  thick  folded  garment  underneatli 
the  chest  and  epigastriunu  'J'he  ofx^rutur  puts  himself  athwart  or 
at  the  side  of  the  subject,  facing  his  head  (see  Fig.  24<J)  and  places 
his  hands  on  each  side  over  the  lower  part  of  the  back  (lowest  ribsK 
He  then  slowly  throws  the  weight  nf  his  liody  forwanJ  to  l)ear  upon 


Us.  S40. — 8how9  ihc  position    to    he  adopted  fnr  effcctinK  nrtiticial  respirutum  lO  i 

of  drownitm. — {Sctutefer) 


his  own  arms,  and  thus  presses  upon  the  thorax  of  the  subject  and 
forces  air  out  uf  the  lung.s.  This  being  effected,  he  gradually  re- 
laxes the  pressure  by  bringing  his  own  body  up  agtiin  to  a  more 
erect  position,  but  without  m(»ving  the  hands."  'I'hese  movements 
are  repeated  c]uite  regularly  at  a  rate  of  twelve  to  fifteen  limes  a 
minute  unlil  ntjnnai  a*spinitifin  begins  or  the  (wssibiiity  of  its 
restoration  is  abandoncii.  A  half-hour  or  more  may  be  required 
before  normal  l)roathing  movements  start. 


♦  Schaefer, 
1904. 


'  Metlico-chirurKicaJ   Trausactions, "   London,   vol. 
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THE   PRESSURE   CONDITIONS    IN   THE  LUNGS   AND 

THORAX  AND  THEIR  INFLUENCE  UPON  THE 

CIRCULATION. 

In  considering  the  pressure  changes  in  respiration  the  distinction 
bctwoen  the  pressure  in  the  thorax  outside  t!ie  lungs  and  the  pres- 
sure within  the  kings  and  air  passages  must  be  kept  clearly  in  mind. 
The  pressure  in  the  thoracic  cavity  outside  the  lungs  may  be 
designated  as  the  intrathoracic  pressure;  it  is  the  pressure  exerted 
upon  the  heart,  great  blood- 
vessels, thoracic  duct,  esopha- 
gus, etc.  The  pressure  in  the 
interior  of  the  lungs  and  air 
I)assages  may  be  designated  as 
intra  pulmrink  pressure,  llie 
relations  of  the  two  pressures 
with  reference  to  the  outside 
atnu>sphere  is  indicatefl  sche- 
matically in  Fig.  241. 

The  IntrapuknoDic  Pres- 
sure and  its  Variations. — The 
air  passages  anil  the  alveoli  of 
the  lungs  are  in  free  communi- 
cation v\ith  the  external  air; 
consequently  in  ever}'  jxjsition 
of  rest,  whether  at  the  end  of 
inspiration  or  expiration,  the 
pressure  in  these  cavities  is 
ecjual  t^>  that  of  the  atmos- 
phere out^side.  During  the  act 
of  inspiration,  however^  the  in- 
trai>iihiK)nic  pressure  falls  tem- 
porarily Ih'Iow  that  of  the  atmosphere, — that  is,  during  the  inflow  of 
air.  The  extent  to  which  the  pressure  falls  depends  naturally  up>on 
the  rapidity  and  amplitude  of  the  inspirator>'  movement  and  upon 
the  size  of  the  oj^eniiig  to  the  exterior.  The  narrowest  portion  of 
the  air  i>assages  is  the  glottis:  consequently  the  variations  in  pres- 
sure below  this  point  are  probablv  greater  than  in  the  phannx  or 

583 


Fig.  241. — Dta«nm  to  ill uxt rate  how 
tb»  preMUre  of  tb«  mir  ia  exerted  throunh 
the  luof  wiitlii  upon  the  he«rt  (//)  luid  tithor 
organN  id  the  mediuiUiuU  ADac«.  The  pres- 
sure on  tbene  orgiuM  (intratnorafiir  premure) 
is  eqiuil  to  one  Btmoeiihere  minu«  the  amount 
of  the  opiiosiiic  pwpure  exerted  by  the  ex- 
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nasal  cavities.  If  the  air  passages  are  abnormally  constricted  at 
any  point  the  fall  of  pressure  t.Iuring  inspiration  will  be  correspond- 
ingly magnified  in  the  parts  l>elow  the  constriction,  as  happens,  for 
instance,  in  bronchial  asthma,  edema  of  the  glottis,  cold  in  the 
head,  etc.  I'nder  normal  conditions  the  fall  of  pressure  during  a 
quiet  inspiration  is  not  large,  Donders  deternxined  it  in  man  by 
connecting  a  water  manometer  with  one  nostril  and  found  that  it 
was  equal  to  — 9  or  — 10  mms.  water.  At  the  end  of  an  inspiration, 
if  therv.  is  a  pause,  the  pressure  within  the  lungs  again  rises,  of  course, 
to  atmospheric.  During  expiration,  on  the  other  hand,  the  collapse 
of  the  chest  wall  takes  place  with  sufficient  rapidity  to  compress  the 
air  somewhat  during  it-s  escape  and  cause  a  t€mjx)rar>'  rise  of  pres- 
sure. In  normal  expiration  Donders  estimate<l  this  rise  as  equal  to 
7  or  8  mms.  water.  The  intrapulnionic  pressure  may  var\'  greatly 
from  the.se  figur&s  in  the  positive  or  negative  direction  according  to 
the  factors  mentioned  above,  especially  the  intensity  of  the  respira- 
tor>'  movement  and  the  size  of  the  opening  to  the  exterior.  The 
extreme  variations  are  obtained  when  the  opening  to  the  outside  is 
entirely  shut  off,  Wlien  an  inspiration  or  an  expiration  is  made 
with  the  glottis  firmly  ckised  the  pressure  in  the  lungs,  of  courae, 
rises  and  falls  with  the  rarefaction  or  compression  of  the  contained 
air.  A  strong  ins})iration  under  such  conditions  may  lower  the 
pressure  by  ^?0  to  8f)  nuns,  of  niercurt*,  while  a  strong  e.vpiration 
raises  the  pressure  by  an  amomit  equal  to  GO  to  KX)  nuns.  Hg.  In 
the  act  of  coughing  we  get  a  similar  result:  the  strong  spasmodic 
expirations  are  made  with  a  closed  glottis  and  consequently  cause  a 
marked  rise  in  the  intrapulmonic  jjressure.  Such  great  variations 
in  pres.'^ure  have  a  marked  infiuence  on  the  heart  and  the  circula- 
tion, as  is  ex]>laiacd  l>elow. 

Intrathoracic  Pressure. — When  a  reference  is  made  to  the 
pressure  w-ithin  the  tfiorax,  it  is  the  intrathoracic  pressure  th:it  is 
meant, — that  is,  the  pressure  in  the  pleurj,l  ca\ity  and  inetliastinal 
spaces.  Tliis  pressure,  under  nonnal  cfHiditinns,  is  always  negative, 
— that  is,  is  always  less  than  one  atmostphere.  The  reason  for  this 
is  simply  that  the  lungs  are  (listendtn!  to  fill  the  thoracic  caWty,  and 
consequently  the  organs,  like  tlie  heart,  which  lie  in  this  cavity 
out-side  the  lungs,  are  exposed  to  a  pressure  of  one  atmosphere, 
minus  the  Ajrce  of  elastic  recoil  of  the  lungs  (see  Fig.  241).  The  heart 
and  other  intrathoracic  organs  are  protected  from  the  direct  pres- 
sure of  the  nir  hy  the  thomcic  walls;  they  are  presseil  upon,  how- 
ever, thniugh  the  lungs,  but  naturally  the  atmospheric  pressure  is 
reduced  by  an  amount  e([ual  to  the  elastic  force  of  (he  distended 
lungs.  Intrathoracic  pressure,  in  fact,  may  Ikj  (^efined  as  intra- 
pulmonic pressure  minus  the  elastic  pull  of  the  lungs,  and  since 
under  usual  conditions  the  intrapulmonic  pressure  is  e<iual  to  that 
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of   the  atmosphere,   the   intrathoracic   pressure   is   less   than   an 

atmosphere  by  an  amount  e<jiial  to  the  recoil  of  the  lungs.     The 

regative  pressure  in  the  thorax  is,  therefore,  ecjual  to  the  elastic 

force  of  the  lungs,  and  is  larger  the  more  the  lungs  are  put  upon 

M  Stretch, — that  is.  the  deei>er  the  inspiration.     The  amount  of  this 

^Xiegative  pressure  has  Ijeen  measured  upon  both  animals  and  men 

Ly  two  methods:  First  l>y  Bonders  metluxl  of  attaching  a  manuni- 

.«ter  to   the  trachea  and  (hen  ojiening  the  thoracic  walls  so  as  to 

llow  the  atmosphere  to  press  upon  the  exterior  face  of  the  limgs. 

'In  this  way  the  eJjistie  force  of  the  lungs  is  detennined,  and,  as 

^xplaine<l  alx)ve,  this  is  equivalent  to  the  negative  pressure.   Second, 

"Ijy  thrusting  a  trocar  thriiugh  the  thoracic  wall  so  that  its  ojjen  end 

jnay  he  in  the  pleural  or  mediastinal  cavity,  the  other  end  l>eing 

appropriately  connectetl  with  a  manometer.     The  older  oljfiervers 

(Hutchinson)  also  made  experiments  upon  freshly  excised  human 

lungs,  determining  their  ela^^tic  force  when  distende<i  In*  known 

•amounts  of  air.     The  figures  obtained  by  these  different  methods 

^ve  shown  some  variations,  but   the  following  quotations  give 

I  idea  of  the  average  extent  of  this  negative  pressure.     Heynsius,* 

jnaking  use  of  the  figures  obt^iined  by  Hutchinson,  estimates  that 

in  man  the  negative  pres^sure  in  the  thorax  at  the  end  of  inspiration 

is  —4.5  nmis.  Hg,  while  at  the  emi  of  an  inspiration  it  is  equal  to 

— 7.5  mms.  Kg, — a  variatitm  during  respiration,  therefore,  of  3  mms. 

Hg.     Tliat  is,  assuming  that  the  atmosplicric  prcssiirc  is  76t>  mms. 

Kg,  the  conditions  of  pressure  in  the  thorax  and  lungs  at  the  end  of 

inspiration  and  expiration  are  as  follows: 

At  the  End  or  Inspiration.      At  the  End  or  Expiration. 
Litrupulmonio  pressure,  .    7r»0    mam.  Hg.  760     nuns.  Hg. 

IiitrmlUoracic  p^e»^u^e.    .    752.5     "       **  755.5     "        *^ 

Aron  gives  results  obtained  from  a  healthy  man  in  whom  a  can- 
nula was  connecteil  directly  with  the  pleural  cavity .f  From  36 
determinations  he  obtained  the  average  result  that  at  the  end  of 
quiet  in.spiration  the  negative  pressure  is  — 4.54  mms.  Hg  (755.36) 
an<l  at  the  end  of  expiration  — ;}.02  mms.  Hg  (75(i.9S), — results 
c<jnsidenibly  lower  tlxan  those  estunated  by  Heynsius.  It  should 
be  inime  in  mind,  however,  that  these  values  depend  upon  the 
condition  of  expansion  of  the  chest, — that  is,  the  position  of  the 
Ixxly  and  the  depth  of  inspiration.  On  dogs  Heyn.sius  reinirts  as 
follows:  .At  end  of  inspiration,  — 9.4  nuns.  Hg;  end  of  expiration, 
— 8.0  mms.     On  rabbits.  — 4.5  mms.  and  — 2.5  nuns.  Hg. 

Variations  of  Intrathoracic  Pressure  with  Forced  and  Unusual 
Respirations.— .\fter  the  most  forcible  expiration,  when  the  air- 

•  "AnJiiv  f.  die  gesamml«  Physiolojcie/*  29,  2Ci5,  1K82. 

t  Aron,  quoted  from  Emerson,  "Johns  Hopkin:^  Ho$|>itAl  Reports,"  11, 
194,  1903. 
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passages  are  open,  the  intrathoracic  pressure  is  still  negative  by  a 
small  amount,  since  the  lungs  are  stil!  expanded  beyond  what 
might  be  called  their  normal  size, — that  is,  their  size  when  the  pres- 
sure inside  and  outside  is  the  same.  If»  however,  a  forced  expira- 
tion is  made  with  the  glottis  closed,  as  in  the  straining  movements 
of  defecation,  parturition,  etc.,  then  naturally  the  intrathoracic 
pressure  rises  with  the  intrapuhnonan*  pressure,  llie  increased 
pressure  from  the  compresse<l  air  in  the  lungs  is  felt  upon  the  organs 
in  the  mediastinal  spaces.  The  large  veins  especially  are  affected, 
and  the  Row  in  them  is  jmrtially  blocked,  as  issho\vn  by  the  swelling 
of  the  veins  in  the  neck  outside  the  thorax.  The  maintenance  of 
such  conditions  for  a  considerable  jx*riod  may  seriously  affect  the 
circulation.  The  same  general  effect  Ls  obtJiined  also  in  attacks  of 
coughing,  the  violent  spasmodic  e\[)irations  with  closed  glottis 
causing:  a  visible  venous  congestion  in  the  head  from  the  olstruction 
to  the  venous  flow  into  tiie  heart.  Forcible  iiispinitions,  on  the 
other  hand,  lower  the  intratlioracic  pressure — that  is,  increase  the 
negativity — whether  the  glottis  is  ojjen  or  closed.  When  the  glottis 
is  freely  ojjen  and  a  deep  inspiration  is  made  the  intrathoracic 
pressure  may  fail  Jis  niuch  as  3(1  mms.  Hg, — ^that  is,  become  e<^|ual 
to  780  imns.  The  lun^  being  iiuich  more  expanded  exert  a  corre- 
spondingly greater  elastic  force.  If  the  glottis  is  closed  during  a 
deep  inspiration  then  there  is  little  actual  expansion  of  the  lungs, 
but  the  intrapuhnonan'  pressure  falls  from  the  rarefaction  of  the  air 
in  the  lungs,  and  the  intrathoracic  [)iv.ssure,  of  course,  falls  with  it. 
The  Origin  of  the  Negative  Pressure  in  the  Thorax. — As  Lse\i- 
dent  from  the  a!)ove  explanation,  the  fact  that  the  pressure  in  the 
thora.x  is  leas  than  one  atmosphere  is  due  in  the  long  run  to  the 
circumstance  that  the  lungs  are  smaller  than  the  thomcic  canty 
which  they  occupy.  In  the  fetus  the  [imgs  are  soHlI.  and  completely 
fill  the  thoracic  cavity,  except  for  the  part  occupied  by  the  other 
organs.  It  has  lieen  a  question  whether  after  birth  the  size  of  the 
thoracic  cavity  is  suddenly  an<l  (>ermanently  increased  by  the  first 
inspiratorV'  movements,  and  a  negative  intrathoracic  pressure  thus 
produced  at  once.  I'he  careful  e\i>criments  of  Hennann*  seem  to 
have  settled  this  point.  He  proved  tiint  newiy-bom  children 
between  the  first  to  the  fourth  day  show  no  measurable  negative 
pressure  in  the  thomx  and  at  the  eighth  day  the  pressure  in  the 
thoracic  cavity  is  less  than  atmaspheric  by  an  amount  equal  to  only 
— fl.4  nun.  Hg.  The  negative  pressure  as  we  find  it  in  the  adult  is 
evidently  developotl  gradually,  and  is  due  to  the  fact  that  the 
thorax  increases  in  size  more  rapidly  and  to  a  great-er  extent  than 
the  lungs,  so  that  to  fill  the  cavity  the  lungs  become  more  and  more 
expanded.  It  follows,  also,  from  these  facts,  that  the  new-lx)m 
•  Hermann,  "  Arcliiv  f.  d.  gesammte  Physiologie, "  30, 276,  1883. 
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child  has  practically  no  reserve  supply  of  air  in  the  lungs;  at  each 
expiration  the  lungs  are  entirely  emptied  (except  for  the  minunal 
air).  The  ventilation  of  the  lung  alveoli  is  correspondingly  more 
perfect  than  in  older  persons, 

Pneumothorax. — When  the  pleural  ca\ityon  either  side  is  opened 
by  any  meuas  air  enters  and  causes  a  greater  or  lew  j^hrinkage  of 
the  corresponding  lung.  This  coiKlitian  of  air  within  the  j>leural 
ca\ity  is  tiesignated  as  pneuiiiothonix.  It  is  evident  that  air  may 
enter  the  pleural  caWty  in  one  of  two  general  ways:  By  a  puncture 
of  the  parietal  pleuni  such  as  may  l^e  made  by  guashot  or  stab 
wouu<Ls  in  the  chest,  or  by  a  puncture  of  the  vLscerul  pleura,  such  as 
may  occur,  for  example^  by  the  rupture  of  a  tul>ercle  in  pulmoiiar\- 
tuberculosis,  the  air  in  this  ciiso  entering  from  the  alveoli  of  the 
lungs.  From  the  physical  conditions  involved  it  is  evident 
that  if  the  opening  into  the  pleural  cavity  is  kept  patent  then  the 
lungs  will  collaj^se  completely  and  eventually  will  beciune  entirely 
solid,  since  the  small  amount  of  entrapped  minimal  air  will  l)e 
abst)rbcd  by  the  blood.  The  other  hmg,  the  heart,  etc.,  will  also 
be  displaced  somewhat  from  their  r»ormal  (xisition  by  the  unusual 
preasure.  If,  however,  the  ojx^ning  is  cliksfni.  then  the  uir  in  the 
pleural  cavity  may  be  al)s<irIfeLl  completely  by  the  circulating  blood 
and  the  lung  again  ex|)and  as  this  absorption  takes  place.  In 
human  lacings  pneumothorax  occurs  most  fret^uently  in  conditions 
of  disease,  particidarly  pulmonary'  tuberculosis,  and  the  air  in  the 
thorax  is  associated  also  with  a  liquid  effusion,  tliis  combination 
being  <iesignated  sometimes  as  hydropneumothorax.* 

The  Aspiratory  Action  of  the  Thorax.— The  negative  pres- 
sure prevailing  in  the  thoracic  cavity  nuist  affect  the  oi^ans  in  the 
nie*liastinal  sjmicc.  'I'he  intrathoracic  jxirtioii  of  the  esophagus, 
for  instance,  is  exposed,  at  times  of  s\vaHouing  at  least,  to  a  full 
atmosphere  of  pressure  on  its  interior,  while  on  its  exterior  it  is  under 
the  tUminished  intrathoracic  pressure.  Tliis  difference  tends  to 
dilate  the  tuhje  and  may  aid  in  the  act  of  swallowing.  The  main 
effect  of  the  difference  in  pressure  is  felt,  however,  u|x>n  the  flow 
of  lymph  and  blo<xi,  €ispeciaily  the  latter.  The  large  veins  in  the 
neck  and  axilla  are  under  the  [sressure  of  an  atmosphere  exerted 
through  the  skin,  and  the  same  is  true  for  the  inferior  cava  in  the 
abdomen.  But  the  sup)erior  and  inferior  cava*  and  the  right  auricle 
are  under  a  pressure  less  than  one  atmosphere,  This  difference  in 
pressure  must  act  as  a  constant  favoring  condition  to  the  flow  of 
i)lood  to  the  heart.  The  difference  Ls  markedly  increased  at  each 
inspiration ;  so  that  at  each  such  act  there  is  an  increase  in  the 
velocity  and  volume  of  the  flow  to  the  heart, — an  effect  which  is 

•  Sr«*  Emersoiu  "Pneumothorax."  Johnn  Hopkins  Hospital  Reports, 
n,  1,  1903. 
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ufiually  referred  to  as  the  aapiratorv'  action  of  the  thorax.     At  each 
inspiration  blood  is  ** sucked"  from  the  extrathoracic  into  the  intra-iJ 
thomnie  veins.      So  far  as  the  inferior  cava  is  concerned,  this  efife 
is  augmented  \}y  the  siniultiineous  increase  in  afKioininaJ  pressaire.^ 
For  as  the  diaphnigin  descends  it  mises  the  pressure  in  the  ab- 
domen as  it  lowers  tlie  pressure  in  the  thorax.     The   two   fac- 
tors   co-optTitte    in   forcing  more    bloo<l  from    the  alKiominal  tOj 
the  thoracic  portion  of  the  cava.     There  should  he.  of  course,  al 
similar  effect,  but  in  the  opposite  direction,  upon  the  flow  in  tbej 
arteries.     F^Zach  inspiration  shoidd  retard  the  arterial  outflow  froruj 
the  aorta  into  its  extnithoracic  hrancdics.     As  a  matter  of  fact,  thii 
effect  prohubly  iUws  imt  take  place.     The  arteries  are  thick  walledl 
and  are  distended  by  a  high  internal  pressure;   so  that  the 
ehanp;e  of  pressure  of  three  or  four  millimeters  of  mercurj"  dur 
inspiration  is  probably  incapable  of  influencing  the  calil>er  of  tha| 
arteries,  while  it  has  a  ilistinct  effect  upon  the  tliin-wallet!  veins^j 
whose   internal    pressure   b   very   snuill.     The   changes   in    int 
thoracic  pressure  diuing  respiration  must  affect  the  blood-flow  all 
in  the  pulmonary  circuit,  the  fi<Av  from  the  right  to  the  left  side  of 
the  heart.     This  effect  is  manifested  in  the  so-called  rcspiratoi 
waves  of  bIfHKl-pressure  which  may   be  discussed    briefly   in  th 
ronnection. 

Respiratory  Waves  of  Blood-pressure. — When  a  record 
taken  of  the  blood-pressure  the  tracing  shows  waves,  unless  tt 
respirator>*  movements  are  very  shallow,  wliich  are  synchronous  witk 
the  respiratory*  movements  (see  Fig,  242).     When  the  respiration 
is  dyspneic  the  waves  of  pressure  are  ven*^  marked.  To  ascertain  ifc 
exact  relations  of  these  variations  to  the  phases  of  respiration  it 
necessar>'  to   make  simultaneous  tmcings  of  blo(>d-y)res8ure  and 
respiration  movements  with  the  recording  pens  i>ro|>crly  superpfised«l 
In  the  <log  it  is  found  that  the  blood-pressure  falls  sligliMy  ut  it 
bc^nning  of  inspiration,  but  rises  during  the  rest  of  the  act  (FigJ 
243).     At  the  l^eginning  of  expiration  the  pressure  continues  to 
for  a  time  and  then  falls  during  most  of  tliis  phase.     On  the  wholCfl 
therefore,  the  effect  nf  inspiration,  its  final  effect,  is  to  cause  a 
of  arterial  pressure,  wliile  the  effect  of  expiration  is  to  cause  a  fall. 
The  relationship  of  the  two  curves  varies  in  other  animals,  defx^mi- 
ing.   among   other    things,    on    the    rapidity   of  the    resf)iratif>n.-*; 
bvitt  since  most  of  the  experimental  work  has  been  done  U|M>n  the 
dog,  our  attention  may  lie  confined  to  the  relationsliip  shoxsii  by  this 
animal.    Two  general  explanations  may  l>e  given  for  these  respini- 
tory  waves:    First,  that  they  are  tine  to  an  activity  of  the  vasct- 
constrictor  renter  sA'nchronous  with  that  of  the  respiratory  center.] 
Second,  that  they  are  due  to  variations  in  the  amount  of  blood  sent 
out  from  the  heart  into  the  aorta,  this  variation,  in  turn,  being  due 
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to  the  mechanical  changes  in  pressure  during  respiratidn  and  their 
effect  on  the  hlood-fiow,  aided  also  by  the  fact  that  the  heart  beata 
more  rapiiily  during  inspiration.     This  second  general  |K>int  of  view 
has  \ieen  adopted  in  physiolog3\  and  to  verify  it  numerous  experi- 
ments have  l>een  made  ufx>n  hmgs  placed  in  an  iirtifipial  thorax  in 
which  thecomiitionscjf  jiressurer-tHtld  i>e  varied  at  will.*    Astheout- 
oouieof  this  work,  the  follo%nng  results  have  i>een  accepted  in  expla- 

■ 

.  no 

jB.aje  i-inc 

Fig.  242. — R«sp*nit4iry  waves  of  blood-pramiir«.     TyT»ic»l   hIrKwJ-nrfwsiire   rerord  ma 
Ukcxi  with  a  niercurv  mnnnmf^lfr       Bp  ill*  blood-piVM^urv  r#tc<ir«i.  aKowb  th*  i<»p«nit« 
hmrt  b«KU  mn«J    the  larierr  tiwpiratory  wavfet.  each  of  which  n>niprij«»  nix  lo  **v#ii  heart 

nation  of  the  occurrence  of  the  respiratory  waves  of  bkwKl-pressure: 
(1)  During  ins()iration  there  is  an  increased  flow  of  bloinl  into  the 
right  auricle  (aspiraton*  action  of  inspiration).     (2^  During  inspira- 
tion the  capacity  of  the  blood-vessels  in  the  lungs  is  increased  and 
also  the  velocity  of  the  flow;    consequently  there  is  an  increased 

♦For  dUcusj^ioii  uiul  litemture  >ee  ile  Jager, '*  Archiv  f.  die  (^e^aiiiinte 
Phv^iologie. "  20»  42(V  lS7fl,  orul  27. 152, 1882;  lOso  "Journal  of  Physiology. " 
7.  i30. 
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volume  of  blood  flowing  through  the  lungs  during  inspiration.  The 
increased  capacity  of  the  lung  capillaries  during  the  expansion  of 
the  lungs  was  showi  exi>erijiientally  by  Heger  and  Spehl.  They 
oi:)ened  the  anterior  naHlitustiiaan  without  wtuauliug  the  pleura  and 
proved  that  if  the  lungs  are  tietl  i)ff  at  the  end  of  inspiration  the>"  con- 
tain more  blood  than  when  tieil  off  at  the  end  of  expiration.  The  in- 
creased velocity  of  the  blood-flow  through  the  lungs  during  inspira- 
tion is  explained  i>v  the  (avt  that  the  greater  negative  pressure  affects 
the  thin-walled  pulmonary  veins  more  than  the  pulmonarv*  arten'; 
consequently  the  head  of  pressure  driving  the  blood  through  the 
lungs, — ^that  is,  the  difference  in  pressure  l>etween  the  bloo<l  in  the 
puhnoiiary  arter\'  and  veins-^is  increased.  These  data  explain 
satisfactorily  the  general  fact  regarding  the  respirator^'  waves, — 
namely,  that  during  inspiration  there  is  a  rise  of  aortic  pressure  due 
to  a  greater  output  of  blood  from  the  heart,  and  during  expiration 


Fir.  243.— niatrmin  to  repr«««nt  the  time  rvlntinn  betw««n  th«  respiriitory  wavw  of 
blood-prewure  kihI  the  rospiratory  moveniciitH  {iIok):  A  repraaeott  tne  blood-prenure 
recunJ,  showing  (he  heftrt-beatH  and  ttie  lartcer  respiratory  wavM.  B  reproMnts  a  simul- 
taneouA  record  uf  the  reHpiratory  movement.  At  the  begintiiiiE  of  inapiration  there  in  a 
fall  of  blood-prerwur«,  but  the  final  and  cnmn  effect  \*  a  n^o.  .At  the  be^nning  of  expi- 
ratioD  there  ia  a  rise  of  prwsure,  but  the  linal  and  main  effect  ia  a  fall. 


the  reverse.  To  account  for  the  suhsitliary  fact  that  at  the  begin- 
ning of  inspiration  the  pressure  falls  and  at  the  beginning  of  expira- 
lion  it  rises  for  a  time  two  explanations  are  offered.  De  Jager 
refers  these  temporary  effects  to  the  changes  in  capacity  of  the  blood- 
hed  in  the  lungs.  At  the  end  of  inspiration  there  is  a  certain  ca- 
pacity of  the  bed;  when  expiration  comes  on*  the  lungs  shrink,  the 
cajMicity  of  the  blood-vessels  is  thereby  diminished, and  ronse<]uently 
some  blood  is  scjueezed  out  of  the  lungs  in  the  tlirection  of  least 
resistance. — -that  is»  towani  the  left  auricle.  This  accounts  for  the 
initial  rise  of  pressure  during  expiration.  At  the  bejE;3nning  of  inspi- 
ration, on  the  other  hand,  the  sudden  increase  in  capillar^'  capacity 
in  the  lungs  retards  for  a  moment  the  flow  of  f>lood  to  llie  left  auricle, 
and  thus  accounts  for  the  temjwirar}'  fall  of  pressure.  Tigerstedt,* 
on  the  other  hand,  finds  that  shutting  off  the  entire  circulation  of 
one  hmg  may  have  little  or  no  influence  upon  the  pressure  in  the 

*  See  Tigerstedt,  "  Krgebmase  Jer  Physiologie."  vol  ii,  |mrt  ii,  500,  1(K>3. 
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volume  of  blood  flowing  through  thehings  during  inspiratioiu  The 
inrreasG4l  capacity  of  the  lung  capillaries  (hiring  the  expansion  of 
the  hings  was  sliowu  experijiienLally  by  Heger  and  Si^ehl.  They 
ojiencd  the  anterior  niediastiiiuni  without  wounding  the  pleura  and 
proved  that  if  the  lungs  are  tied  off  at  the  end  of  inspiration  they  con- 
tain more  blood  than  when  tie<i  off  at  the  end  of  expiration.  The  in- 
crea.sed  velocity  of  the  blood-flow  through  the  Kmgs  during  inspira- 
tion is  explained  by  the  fact  that  t  he  greater  negative  pressure  affects 
the  thin-walled  pulmonary  veins  more  than  the  pulmouan*  artery; 
consequently  the  heat!  of  pressure  driving  the  blood  through  the 
lungs, — that  is,  the  difference  in  pressure  between  the  blood  in  the 
pulmonary  artery  and  veins^-is  increased.  These  data  explain 
satisfactorily  the  general  fact  regarding  the  respiratory  waves, — 
namely,  that  during  insjiirution  there  is  a  rise  of  aortic  pressure  due 
to  a  greater  output  of  blotKl  from  the  heart,  ami  during  expiration 


Fig.  243. — DiMrnun  to  represent  the  time  rplatimi  between  the  rmpiratory 
blood^pTMaure  tintl  the  respirfttnry  moveinpiK-.  (iloit):     A   reprftwnU  the  blood-pi 


record,  shotrinf  the  heart-heslA  and  the  Inricor  reT>fiirutory  whvisa. 


_  , ,  _    art 
B  representji  a  rimul* 


t«neo(M  record  of  iho  re»i»ratrirv  moveraenu.  At  the  befpnoins  of  mHpir&tiun  therv  is  a 
faJl  of  blooci' pressure,  but  tlin  final  and  main  efTert  i.«  a  niw.  At  the  heKinninK  of  expl- 
ration  there  Li  a  n?«  of  preHNure,  but  the  final  and  maia  effert  U  a  fall. 


the  reverse.  To  account  for  the  subsidiarv'  fact  that  at  the  begin- 
ning of  inspiration  the  prtissure  falls  and  at  the  l)eginning  of  expira- 
tion it  rises  for  a  time  two  explanations  are  offered.  De  Jager 
refers  these  temporary  effects  to  the  changes  in  capacity  of  the  blood- 
bed  in  the  lungs.  At  the  end  of  inspiration  there  is  a  certain  ca- 
pacity of  the  hcil:  when  expiration  comes  on.  the  lungs  shrink,  the 
capacity  of  the  blood-vessels  is  thereby  diminished, and  consequently 
some  blood  ia  squeezed  out  of  the  lungs  in  the  direction  of  least 
resistance, — that  is.  towanl  the  left  auricle.  This  accoimts  for  the 
initial  rise  of  pressure  during  expiration.  At  the  beginning  of  inspi- 
ration^ on  the  other  hand,  the  sudden  increase  in  capillar)*  capacity' 
in  the  lungs  retards  for  a  moment  the  flow  of  blood  to  the  left  auricle, 
and  thus  accounts  for  the  t^mpcjrary  fall  of  pressure,  Tigerstedt,* 
on  the  other  hand,  finds  that  shutting  t^ff  the  entire  circulation  of 
one  lung  may  have  little  or  no  influence  upon  the  pressure  in  the 

•  See  Tigerstedt,  "  RrgebniHse  der  Physiologic."  vol.  ii,  part  ii,  560,  1903. 
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■jntemic  circuJation,  and  therefore  doubts  whether  small  changes  in 
the  capacity  of  the  lung  vessels  <?an  have  am'  distinct  effect  on  the 
iiitiow  into  the  left  auricle.  He  tiiiuks  that  the  main  factor  is  the 
incrcaseil  flow  of  blood  to  the  right  auricle  during  inspiration,  and 
that  this  increased  amount  is  then  j)assed  on  to  the  left  aurirle  and 
•ventricle,  but  that  this  takes  some  little  time,  so  that  the  true  effect 
of  inspiration  La  not  felt  iu  the  aorta  at  the  ven-  beginniiij;;  of  (he 
«fcct.  This  delay  may  var\'  in  different  animals  an<i  may  account 
for  the  fact  that  in  some  animals  ti^ere  is  an  apparent  inversion  of 
the  relations  to  respiration,  the  aortic  pressure  falling  throughout 
inspiruticm  and  rising  during  expiration. 

The  increasetl  rate  of  heart  l>eat  during  inspiration  varies  as  to 
its  decree  in  different  imlividuals.  It  has  l>een  shown  by  Fredericq 
that  this  change  occurs  when  the  chest  is  widely  opened  and  the 
twplrat4)r>'  movement*?  can  have  no  mechanical  effect  upon  the  heart. 
He  suggests,  therefore,  that  the  accelerated  pulse  during  inspinition 
18  due  to  an  associateil  activity  in  the  ner\'e  centers  of  the  medulla. 
When  the  inspirator^'  center  discharges  it  affects  the  neighl>oring 
carriio-inhibitor>'  center  in  the  direction  of  inhibition,  lessening  its 
tonic  acti\ity  anrl  thereby  increjising  the  heart  rate. 

In  artificial  respiration  carried  out  by  means  of  a  liellows^ 
that  is,  by  expanding  the  hings  with  positive  pressure — all  the 
conditions  of  pressure  in  inspiration  and  expiration  are  reveree<l, 
iKaring  such  an  inspiration  the  flow  of  blood  to  the  right  heart,  and 
through  the  lungs  to  the  left  heart,  is  decrease*!.  Respiratory 
waves  of  pressure  are  present  under  such  conditions,  but  the  rela- 
tioDS  of  rise  and  fall  to  the  phases  of  respiration  are  reversed. 


CHAPTER  XXXVI. 

THE    CHEMICAL   AND    PHYSICAL    CHANGES    IN    THE 
AIR  AND  THE  BLOOD  CAUSED  BY  RESPIRATION. 

The  Inspired  and  the  Expired  Air.— The  inspired  air,  atmos- 
pheric air,  varies  iii  composition  in  different  placeij.  The  essential 
constituents  from  a  physiological  8tand|)oint  are  the  oxygen, 
nitrogen,  and  carlx>n  dioxid.  The  new  elements — argon,  kn-pton, 
etc. — have  not  been  siiowa  to  liave  any  jihysiological  signiticance, 
and  are  included  with  the  nitrogen.  The  accidental  constituents 
of  the  air  vary  with  the  locality.  In  average  figures,  the  conijxjsi- 
tion  of  this  air  is,  in  volume  per  cent.:  nitrogen,  79;  oxygen,  2().i>6; 
carlx>n  dioxid,  t).04.  The  expired  air  varies  in  composition  with 
the  depth  of  the  expiratioii  and,  of  course,  with  the  composition  of 
the  air  inspired.  L'luler  normal  conditions  the  expired  air  contains, 
in  volume  jjer  cent.:  nitn^gen,  70;  oxygen^  16.02;  carbon  dioxid, 
4.38,  la  passing  once  into  the  lungs  the  air,  therefiire,  gains  4..'}4 
volumes  of  carbon  dioxitl  to  each  hundred,  and  loses  4.94  volumes^ 
of  oxygen. 

N.  O.  CO,. 

Int^pired 79  20.96  0.04 

Expired 79  16.02  4.38 

4.94  4.S4 

This  table  expresses  the  main  fact  of  external  respiration:  the] 
respired  air  loses  oxygen  and  gains  carbon  dioxid  and  consequently 
the  biood  absorbs  oxygen  and  eliminates  carbon  dioxid.  It  will  !)e 
noted,  also,  that  the  volume  of  oxygen  absorbed  is  greater  than  the 
volume  of  carbon  dioxid  given  off.  This  discrepancy  is  expIaine<J 
by  the  general  fact  that  the  oxygen  alj9orl>ed  is  use<l  in  the  long  run 
to  oxidize  the  carbon  and  also  the  hydrogen  of  the  bwly:  ronf»e- 
quently,  while  most  of  it  is  eliminated  in  the  expirefl  air  as  carbon 
dioxid,  some  of  it  is  excreted  as  water.  For  the  sake  of  complet^v 
ness  it  may  be  stated  that  traces  of  hydropen  and  methane  are  also 
found  in  the  expired  ai  .  They  probably  originate  in  the  intestines 
from  fermentation  processes  and  are  carried  off  in  solution  in  the 
blood. 

Physical  Changes  in  the  Expired  Air. — The  expired  air  is 
warmed  nearly  or  <.|uito  tu  tlie  l^xly  tpmf>erature  and  is  nearly 
saturated  with  wat^r  vapor.    Since,  as  a  rule,  the  air  liiat  we 
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in^)ire  is  much  cooler  than  the  body  and  is  far  from  being  saturated 
with  water  vapor,  it  is  evident  that  the  act  of  respiration  entails 
upon  the  body  a  loss  of  heat  and  of  water.  Hreathing  is,  in  fact, 
one  of  the  means  by  which  the  body  teni]>eratiire  is  re^tduted, 
althfmgh  in  man  it  is  a  subsidiary'  means.  In  other  animals — the 
dog,  for  instance — panting  is  a  ver>'  important  aid  in  controlling  the 
body  heat.  Heat  is  lost  in  respiration  not  simply  in  warming  the 
air  in  the  air  passages,  but  also  by  tlie  evaponition  of  water  in  tlie 
alAToli,  the  conversion  of  wattT  from  the  litjuid  to  the  gaseous  form 
being  attended  by  an  absorption  of  heat.  Hreathing  is  also  one 
of  the  means  by  which  the  water  contents  of  the  body  are  regulated. 
The  water  that  we  ingest  or  that  Ls  formed  within  the  body  is  kept 
within  certain  limits,  and  this  regulation  is  efferted  by  the  secretions 
of  urine  and  sweat  mainly,  hut  in  part  also  by  the  constant  loss  of 
water  from  the  blooil  as  it  passes  through  the  lungs. 

The  Injurious  Effect  of  Breathing  Expired  Air— Ventila- 
tion.— It  is  generally  recognized  that  in  badly  ventilated  rooms  the 
Lair  acquires  a  disagreeable  odor,  juTceplible  es(u»cial]y  immetliately 
ron  entering,  and  that  j^ersons  remaining  under  such  conditions  for 
any  length  of  time  suffer  from  headache,  depression,  and  a  general 
feeling  of  uncomfortableness.  It  has  l">een  assumed,  although 
without  sulhrient  proof,  that  these  effects  arc  due  to  the  vitiation  of 
the  atmosphere  by  the  expire<i  air.  When  the  ventilation  is  very- 
imperfect  and  the  room  greatly  crowded  death  may  resuK ,  as,  for 
instance,  in  the  historical  case  of  the  Black  Hole  of  Calcutta.  In 
extreme  cases  of  this  latter  kind  it  is  most  probalije  that  sevend 
causes  coml)ine  to  produce  a  fatal  result.  The  conditions  are  such 
:  to  Icatl  to  a  ver>'  lai^e  increase  in  carbnn  dioxid  iiUfl  diminution 
■of  oxygen  in  the  respired  air, — a  result  which  in  itself  wiil  causedeath; 
and  in  addition  the  air  becomes  heulcfl  to  a  high  temf)erature  and 
iturate^l  with  water  vajwr,  both  of  these  latter  conditions  prevent- 
I088  of  heat  from  the  body  and  i>roducing  a  fever  temperature. 
I'nder  the  onlinan'  conditions  of  life  poor  ventilation  produces  its 
ob\'iously  e\'il  results  in  rooms  temporarily  occupied, — schools, 
churches,  lecture  nwms,  theaters,  etc.. — and  it  is  important  to  know 
what  is  the  cause,  and  how  it  may  l>e  avoideil.  (^n  the  basis  of  older 
work  it  has  l)een  assimied  that  there  is  present  in  the  expired  air  a 
volatile  organic  substance  which  when  breathed  again,  possibly  after 
ha\'ing  undergone  some  further  change,  exerts  a  toxic  influence.  The 
e\'il  effects  of  ba^lly  ventilate<l  roon^s  have  l>een  attribute<l  mainly 
to  this  supposed  substance.  L'nfortunately  the  investigations  tluit 
have  been  made  upon  this  sul)stance  are  not  altogether  conclusive.* 

•See  HnUlane  otid  Sniiili,  "Journal  of  Pathology  and  Bacteriology/* 
I,  IfiS  ana  -•^is,  I.^93;  Merkel,  -  Arrhiv  f.  Hygiene,"  15,  1,  1892.     Kormdnek, 
^Archiv  f    Hygiene,"  aS,  1.  1900. 
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It  seems  to  be  clear  that,  when  the  expiree!  air  is  condensed  by  pass- 
ing it  into  a  coole<l  chaml)er,  the  water  thus  obtained,  about  100 
c.c.  for  254MJ  h(ers  of  air,  is  clear,  odorless,  and  has  only  a  minute 
trace  of  organic  matter.  If  this  liquid  with  or  without  conden- 
sation is  injected  under  the  skin  or  into  the  blood-vessels  no 
evil  result  follows^  acconling  to  the  testimony  of  tlie  majority  of 
observers.  But  it  remains  jK^ssihle,  of  course,  that  the  substance 
if  present  may  be  <lestroyed  by  this  method  or  may  escajx?  precipi- 
tation in  the  condensecl  water.  Tlie  exjoeriment  tliat  gives  the 
most  positive  indication  of  the  existence  of  an  organic  (basic)  poison 
in  the  expired  air  is  tlie  following,  first  perfonned  by  Brown- 
Sdquard:  A  series  of — say,  five — bottles,  each  of  a  capacity  of  a 
liter  or  more,  are  connected  together  in  train  so  that  air  can  be 
drawn  through  them  by  an  aspirator.  A  live  mouse  is  places!  in 
each  bottle,  and  Ijetween  bottles  4  and  5  an  3l«sori)tion  tube  is  ar- 
rangerl  containing  tiulphuric  arid.  L'nder  these  conditions  only  the 
mouse  in  brittle  1  gets  fresh  air,  those  in  the  successive  bottles  get 
more  and  more  impure  air,  wliile  in  bottle  5  this  air  is  purified  to  the 
extent  of  remo\'ing  the  organic  matter  by  passing  it  through  sul- 
phuric acid.  The  result  of  such  an  experiment  ixs  descrilnxl  by 
some  observers  is  that  the  mouse  in  l>ottle  4  dies  after  a  certain  num- 
ber of  hours,  the  one  in  bottle  3  later,  while  those  in  the  first  and 
last  bottles  show  no  injurious  effects.  The  obvious  conclusion  is  that 
death  in  such  cases  is  due  to  some  oi^anic  toxic  substance,  antl  not 
to  a  mere  increase  of  carbon  dioxid,  chemical  analysis  showing  that 
this  latter  substance  does  not  accumulate  sufficiently  under  these 
conditions  to  cause  a  fatal  result.  Some  other  observers  have  failed 
to  get  this  effect,  but  even  assuming  it  to  l>e  correct  it  will  l>e  noted 
that  the  experiment  gives  no  proof  that  the  organic  sul)stAnce  in 
question  is  excreted  in  the  expiretl  air.  Indeed,  the  seenungly 
very  careful  ex])eriments  of  Formanek  make  it  probable  that  in 
these  ex[>eriment^  the  toxic  substance  is  ammonia  or  an  anunonia 
compound,  which  is  not  given  off  from  the  lungs,  I»ut  frf^m  the  decom- 
position of  the  urine  an<l  feces  in  the  cage.  When  this  latter  source 
of  contamination  is  removed  the  expired  air  is  practically  free 
from  anunonia  and  without  injurious  effect.  The  expired  air 
therefore,  according  t^  work  of  tliis  character,  contains  no  organic 
poison  which  can  be  regarded  as  a  j>ro<luct  of  respiration. 

Some  oI)server3  {Hermann,  Haklane,  and  Snuth)  Irnve  matie 
careful  experiments  upon  men  which  also  seem  to  throw  much 
doubt  upon  the  existence  of  such  a  substance.  Individuals  kept 
in  a  confined  space  for  a  uimiher  of  hours  give  no  s>'mptoms  of  evil 
effects  except  when  the  accuinuhition  of  the  carbon  dioxid  has 
reached  a  concentration  of  over  4  i>er  cent.  At  tliis  concentration 
rapid  breathing  is  apparent,  and  if  it  rises  to  10  per  cent,  great 
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distress  is  felt  and  the  face  l^ecoines  congested  and  blue.  These 
authors  conclude  that  expired  air  is  injuriotia  in  itself  only  from  the 
carlx>n  dioxid  it  contains,  and  not  Ijecause  of  any  special  poison. 
We  must  admit,  therefore,  that  the  existence  of  an  organic  poison 
in  the  expired  air  has  not  Ijeen  conclusively  ilen)onstrated — in  fact, 
has  been  made  exceetlingly  iiiiprohahlc.  Tlic  tlcfinitely  known  evil 
results  of  breathing  the  air  of  crowded^  poorly  ventilated  nmms  must 
be  referred  to  other  possible  causes,  such  us  the  increase  in  temper- 
ature and  moisture.  These  two  conditions  cause  depression  and 
malaise  even  when  good  ventilation  is  provided.  It  is  possible,  alwi, 
tliat  the  material  given  off  from  the  skin  in  the  jx-rspiration,  seba- 
ceous secretions,  etc.,  may  account  sutTifiently  for  the  odor  and  pos- 
sibly also  for  some  of  the  general  e\'il  effet^ts.  If  the  ventilation  is  so 
|Mx>r  that  the  carbon  dioxid  accumulates  to  the  extent  of  3  to  4  per 
cent.,  then  this  factor  begins  to  exercise  a  direct  effect  upon  the  res- 
jiimlor)*  movements  and  the  general  contlitiiin, — an  effect  which  . 
Increases  as  the  percentage  of  carbon  ditjxid  rises. 

VaUUatwn. — It  is  obvious  from  the  foregoing  statements  that 
our  knowledge  is  not  yet  sufficiently  complete  to  cnalilc  us  to  say 
jM)sitively  at  what  |X)int  air  in  a  room  becomes  injuritxjs  to  breathe, 
whether  from  prtnluets  of  expiration  or  exhalation  or  changes  in 
lemix?rature  anti  moisture,  The  statement  Is  frequently  made  in 
the  l>ooks  that,  when  the  air  contains  as  much  as  1  per  cent,  of 
carbon  dioxid  (Smith)  that  has  Ijeen  pnxlucal  by  breathing,  evil 
results,  as  judged  by  one's  feelings,  are  sure  to  occur,  but  the  ex- 
periments of  Haldane  and  Smith  seem  to  disprove  this  statejnent 
entirely.  The  practical  nde  in  ventilation  is  to  keep  the  air  in 
chambers  as  nearly  as  i>ossibIe  of  the  compasition  of  the  atmosphere 
outside.  Since  carljon  dii>xid  is  the  constituent  f>f  the  air  that  is 
most  easily  detennined  tlie  relative  purity  of  room  air  is  judged 
conveniently  by  quantitative  estimations  of  this  constituent.  Or- 
dinary' atmospheric  air  contains,  on  the  average.  0.04  per  cent. 
of  carlK)n  dioxid — that  Is,  4  parts  to  1()XKM».  The  hygienists  main- 
tain that  tlie  ventilation  should  i>e  sullicieutly  ample  Ui  keep  the 
carbon  dioxid  down  to  6  parta  per  10,fMK),  thus  leaving  2  parts 
per  10,000.  0.02  vol.  per  cent.,  as  the  j)erniissi})!e  limit  of  vitia- 
tion by  breathing.     To  detentuiie   4>n   this   basis   the   amount  of 

necessary  for  each  j)erson  the  following  formula  Is  used: 
• ,  in  which  d  represents?  in  cubic  meters  the  deliver>*  of  fresh 
air  per  hour;  c,  the  amount  of  CO,  expired  per  hour  in  liters;  and  r 
the  ratio  of  i>ermissible  vitiation  of  the  air  by  GO,.  Assimiing  this 
latter  factor,  in  accordance  with  the  al)ovc  statement,  to  be  equal  to 
0.2,  anfl  c  to  be  equal  to  2(J  liters  per  hour  (500  X  0.04  X  17  X  60), 
the  value  of  d  is  equal  to  1(X)  cubic  meters  of  air  per  hour  for  each 
peiBOii.     Tlie  rapidity  of  renewal  of  air  will  depend  naturally  upon 
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the  cubic  space  allotted  to  each  individual.  The  smaller  this  space, 
the  more  ample  mtist  Im?  the  ventilation.  'I"he  foIl4»wing  figures* 
give  an  idea  of  the  values  adopted  for  different  conditions: 

Amount  or  VExntATioN        Crsir  Space  m 
PBR  Hour  pbr  Pkiison  Pekoon  in  Cimic 

IN  Cubic  Mbtehs.  Mbtciu. 

Hospitals 60-100  30-50 

Prisons 50  25 

F!irt«rift3 60-HM)  30-50 

Barracks  .                            30-50  15-25 

ThcaUTs                             4<^-50  20-25 

HiilU  and  assembly  niOin> SO-fjO  1.5-30 

St-hwb 1.5-20  7.5-10 

CbisartKHns  for  adults 25-30  12-15 

The  amount  of  cubic  space  allowed  is  based,  it  will  be  noted.  u|X)n 
the  supposition  that  the  air  is  couiplctely  renewed  by  ventilation 
duriap:  the  course  of  an  hour. 

The  Gases  of  the  Blood. — The  gases  that  are  containe<i  in  the 
blood  are  oxygen,  carbon  dioxid,  and  nitrogen.  These  gases  may 
be  extracted  completely  and  in  a  condition  for  tjiianlitative  analysis 
by  means  of  some  form  of  gas-pomp.  'Ilif*  principle  of  most  of  the 
gas-pump3  u.sed  in  the  phy.'iioiMgical  labomtories  is  the  same.  The 
apparatus  is  arrangeil  scj  that  the  hlootl  to  he  examined  is  brought 
into  a  vacuum  while  kept  at  the  temperature  of  the  body.  Under 
these  conditions  all  of  the  oxA'gen  and  nitrogen  and  part  of  the  car- 
bon dioxid  are  given  off  and  may  l>e  coUerteii  by  suitable  means, 
A  port.i<jn  of  the  cartjon  dioxid  present  in  the  blood  Ls  in  such 
stable  conil>ination  that  to  remove  it  it  may  be  neeessarv'  to  add 
some  dilute  acid,  audi  as  phosphoric  acid.  This  |xirtion  of  the 
carbon  dioxid  is  designated  in  this  connection  as  the  fixed  carl)on 
dioxid. 

The  principle  of  the  gas  purap  may  be  explained  most  eaHtly  hy  rlesrnbing 
the  .simple  form  Uevi«e<l  by  Gr^^hant.  Tlie  essential  part**  of  thu-*  pump  are 
repre^cnteii  in  Fig,  244.  The  merniry  nimip  consi-st^  of  two  Itullis,  one  mov- 
ahlo  {M ) .  the  otlier  fixeii  (F).  M  may  Ije  ralseil  and  lowereil  by  the  unntjlas* 
(P).  AUive  F\  there  i^  a  three-way  Moprock  (m)  by  mean;*'  (»f  whidi  the 
chnniher  F  nmv  ho  put  inUi  rommunlralioji  with  tho  out^ido  air  by  way  of  ('. 
or  with  the  bulb  li,  whioh  Is  to  routain  the  blood,  or  may  l^e  shut  off  com- 
pletely. If  A/  is  raise<l  !*c*  a.*  to  fill  F  entirely,  and  the  f^t^ix-ock  m  is  shut  i»ff. 
then  OH  loworitiK  M  the  menury  will  flow  into  it,  leaving  a  jierfect  vacuum 
in  F,  since  the  distanre  l>etwpeii  F  tuul  M  is  pTealer  idan  the  haronietric 
height.  If  the  .-(topcork  m  is  turncil  so  ta*  t<»  tlirow  F  into  oommujiicatinii 
with  B,  the  iliunilxtr  of  thus  latter  Is  brou^jht  under  the  influence  of  the  vac- 
uum and  rmy  cases  that  it  may  contain  will  be  distributed  between  H  and 
F.  If  wlopcocK  vi  is  aju:uin  tunic<l  off  and  M  is  raise<l  the  puses  in  F  will  be 
conden.seil  at  ius  ufmer  end,  and  liy  tuniing  the  stopcfwk  rn  projierlv  these 
gases  may  he  forcetl  to  the  out,si<le  by  way  of  C  or  may  be  rollectetf.  if  <le- 
sired,  in  u  burette  filled  with  mercury  and  inverte<i  over  the  o|>eniii(!j  from 
F  cotitained  in  the  ixjllcim  of  C.  In  i)erfonning  an  experiment  the  flask 
B,  which  i-s  to  rontain  the  blood,  is  connectoil  with  F,  as  Hliown  in  tlie  &guxe, 

♦Taken  from  Betgey,  "The  Principles  of  Hygiene,"  190i, 
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nil  joinU?  being  protected  from  Icokaf^  by  a  seal  of  water  outside,  ua  shonTi 
nt  't.  which  repr^ieuU'*  a  piet-o  of  \vi<le  ni\)l>cr  tubinp  filleti  with  water  so  aa 
to  protect  a  joint  lx»tween  two  pieces  of  glas.s  tubing,  li  is  next  exhaust c*! 
ponipletcly  by  raising  and  lowering  M  a  nuinl*er  of  times  in  the  way  iie-*<rihe*l 
ii1hiv«  until  on  throwing  H  into  connnmiitation  with  a  vacuum  In  /"  no  further 
fCas  is  ^iven  oFT.  The  hi8t  nartiileii  of  air  may  lie  driven  out  frotn  H  by  Uiil- 
utg  a  Utile  water  iu  it.     After  a  complete  vacuum  ha^  l>een  etttablislicd  iu  B 


Fie-    244.— Ga*   pump   for  extractinK   ihe   (ciueH  of  blocxj    (Gr*hani);     M   and    A 

TW  ntfcury  recsHveni:     P.  the  windlass  fur  rminins  and  lowerixui  itf ;  m.  a  three-wav 

I'Mopcoek  protected  by  a  seal  of  mercury  or  water:  C.  a  cup  with  mercury  over  whien 

Ltfac  reeciTiBc  eudiameter  ia  placed  to  collect    the   gawrn:   B,  the  bulb  in  which,  after  a 

IVaevom  m  made,  the  blood  is  introduced  by  the  frraduated  syringe.  S.     By  meanA  of  the 

xk  m  the  vacuum  ia  F,  eauaed  by  the  fall  nf  the  inercur>',  can  be  placed  In  comrauni- 

I  with  B.     After  the  nJHM  have  diflUBed  over  into  F,  \f  ia  raiaed,  and  when  the  ■top' 

eoeh  m  ia  properly  turned  these  saaea  an  dri\*cn  out  ihrouoh  C  into  the  reoeivinc  tube. 

The  operation  \m  repeated  until  no  more  gaa  ks  given  off  from  B. 


%  tneBBtiKcl  amount  of  blocni  is  introduceJ  from  a  graduated  syringe.  .S,  as 
represented  in  the  figure.  Thi:*  blootl  nni'^t  l»e  taken  dimtly  from  the  ve^^^els 
of  the  animal  an<l  be  introtluced  into  H  at  once.  H  is  ke|>t  inmienied  in  water 
at  the  temperature  of  the  body,  and  the  bulb  M  is  now  raised  and  lowered  a 
Dumber  of  tinier  )t4^  that  the  gjt^e-"  gi\en  ofT  from  the  bloo<J  iire  drawn  over 
into  F  aiid   then   by   prof^r  manipulation   of  the  »!(topcock  are  driven  into 
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a  l>urett«  fastenetl  over  Uie  ojienin^  i>f  tlie  tube  in  C.  To  drive  off  all  of  the 
carbf^ii  liioxid  a  little  ^liluLc  {thu-^r^tioric  acid  tmi±^t  \)e  added  to  the  Ij1uo«|  in 
li  Ijy  means  of  the  syringe,  .S.  The  ga.se>  thu>  c-ollectetl  into  the  burette  tire 
first  ineiusuretl  uiid  are  then  analyzed  for  tlie  three  iini>ortaiit  coustitiieiiU 
bv  >onie  of  the  art-cptcd  gaM>nietric  mclh<Ki.s.  The  j>riiiciple  involved  Ls  to 
afjhori*  fin<t  frntn  the  mixture  all  of  theCU,  hy  introduciiip  a  solution  of  sodium 
or  i>ota.ssJuni  hydrati'.  The  readuig  of  the  volume  left  after  tliis  ali^oriitiun 
L-*  tompleted  comijured  with  the  fir^t  rca^^liug  gives  the  volume  of  CO^  Next, 
a  freslily  imule  allculine  i^olution  of  }>yroguiUc  acid  is  introduced  into  the  tul^. 
Tliis  solution  nUsoHis  all  tif  the  oxygen,  wIuk^c  volume isthuseuiiily  dotemutieiL 
The  gas  that  in  left  unul»torl>ed  after  the  action  of  these  two  solutions  is  nitro- 
gen. The  volumes  of  gu-ses  are  reduced,  us  i.s  the  custom,  to  unit  prewsure 
and  temperatiure, — that  is<,  to  zero  degree  renlignule  ajid  760  mms,  baniinetric 

Eressure.     A  i-ornx'tion  must  al^o  \ye  made  for  the  tension  or  pressure  exerted 
y  the  atjueoa-i  vapur  iii  the  gases.     These  correct ion-s  are  ninde  by  lueaud 
of  the  following  formula: 

VI  = V(B-T) 

700  X  (I  +  0,0n3(M>5t) 

in  which  I"* represents  the  correcteil  volume,  I  the  volume  a<iuaUy  obfter\'ed, 
B  the  harometrir  hoight  at  the  time  and  place  of  the  obtien'atiou,  T 
the  aipieouH  ten.^ion  at  the  tem|>crature  of  the  rctulijig,  and  i  the  tem)ieralure 
in  degrees  centigrade. 

By  means  of  such  methotls  the  gases  in  the  blood  have  been  de- 
tennined.  The<[iiantilies  vary  s<:»mcwhat,  of  course,  with  the  con- 
ditions of  the  animal  and  with  the  sjjecies  of  animal.  In  a  quick 
analysis  of  dugs'  arterial  hlooti  inade  1)}'  Pfliiger  the  following 
figures  were  obuuined  reckoned  in  volumes  per  cent.:  O,  22.6;  CX.),, 
34.3;  N,  l.S,  Jn  this  case  each  100  c.c.  of  arterial  blood  contained 
22.6  c.c.  of  O  and  34.8  c.c.  of  COj  measured  at  0°  C.  and  76()  nuns. 
Hg.  An  analysis  of  himian  blood  (Setsehenow)  gave  closely  similar 
figures;  O,  21.6  j^er  cent. ;  CO,,  40.3  i>er  cent. ;  and  X,  1.6  per  cent- 
Wlien  the  arterial  and  the  venous  blootls  are  compared  it  is  found 
that  the  venous  hlomi  has  more  carbrm  dio.xid  and  less  oxygeru 
Average  figures  showing  tlie  difference  hi  cfimiKKsition  are  aa  follows: 

O.  CO,.  K, 

Arterial  hlood 20  38  1.7 

Vemju.s  hh>ocl 12  45  1.7 

DifTerence 8                  7  0 

The  actual  amounts  of  oxygen  and  carlwn  dio?Jd  in  the  venous 
blood  var>'  with  the  mitritive  activity  of  the  tissues,  and  differ 
therefore  in  the  variotis  oi^ans  according  to  the  state  of  activity  of 
each  organ  in  relation  to  the  volume  of  its  Idood  supply.  Tliis 
point  is  well  illu.strated  by  some  analyses  made  by  Hill  and  Na- 
bam>*  of  the  gases  in  the  venous  blwxi  from  the  brain  antl  tlie 
muacles,  resi)ertivcly.  Their  average  results  when  l)0th  tissues 
were  at  rest  were  as  follows: 

OXYOBK.  CAIinON    DlOXIb. 

Venous  hlood  frf»m  linihs  (femoral). .  . .  6.34  per  cent.         45.75  iicr  coiil. 
"  *•         •'     brain  (torcular)  .  .  .  13.49     "      "  41.65     "      " 

*  Hill  and  Nalwrro,  '*  Journal  of  Physiology,"  18,  218,  1895. 
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H      It  will  Ix?  seen  that  under  similar  conditions  there  is  much  less 

H       ox>''geii  used  and  earboa  lUoxid  formed  In  the  brain  than  Jn  the 

H       liiul>s  (muscles).     In  the  former  organ  the  physiological  oxidations 

must  cither  l>e  small  compared  with  those  of  the  nmnclcs,  or  the 

brain  tissues  receive  a  relatively  ample  supply  of  lihxnl,  so  that  the 

■       tissue  metalx)Iism  has  less  effect  upon  the  blood  composition.    The 

"       venous  blood  as  it  comes  to  the  lunj^s  is  a  mixture  of  bkxxls  from 

different  organs,  and  its  composition  in  gases  will  be  cfuusiarit  only 

^when  the  conditions  of  the  body  are  kept  imifonn.  3Iuch  work 
has  been  done  in  ph\'siolog>'  to  determine  the  con<lition  in  which 
these  various  gases  are  held  in  the  blood.  The  results  obtained 
■how  that  they  are  held  partly  in  solution  and  partly  in  chemical 
combination.  To  untlei'stand  the  |>art  played  In'  each  factor  and 
the  conditions  that  control  the  exchange  of  gases  in  the  Itings  and 
tissues  it  is  necefisar>*  to  recall  some  facts  regarding  the  j>hysical 
and  chemical  properties  of  gases. 

The  Pressure  of  Gases  and  the  Terms  Expressing  these 
Pressures. — The  air  around  us  exists  under  a  |ircs.sure  of  one 
atmosphere  and  is  expressetl  usually  in  terms  of  the  height  of  a 
column  of  mercur>*  tliat  it  will  supix)rt, ^namely,  a  column  of  760 
mms.  Hg,  which  is  knou^J  as  the  normal  barftmetric  pressure  at 
eeadevel.  Air  is  a  mixture  of  gases,  and  according  to  tln^  nici-hani- 
cal  theor>'  of  gases  each  constituent  exerts  a  pressure  corresponding 
to  the  proportion  of  that  gas  present.     In  atmospheric  air,  therefore, 

■  the  ox\*gen,  l^ing  present  to  the  extent  of  20  j)er  cent.,  exerts  a 
pressure  of  J  of  an  atmosphere  or  f  X760=  152  mms.  Hg.  When 
W6  speak  of  one  atmosphere  of  gas  pressure,  therefore,  we  mean  a 

»  pressure  equivalent  to  7&\  mm.*?.  Hg,  and  in  any  given  mixture  the 
prowure  exerted  by  any  constituent  may  Ije  expressed  in  percen- 
tages or  fractions  of  an  atmosphere  or  in  the  equivalent  height  of  the 
incrcur>'  colunm  whi<*h  it  will  support. 

Absorption  of  Gases  in  Liquids.— When  a  gas  is  brought  into 
contact  with  a  liquid  with  which  it  does  not  react  chemically  a 
certain  num?>er  of  the  moving  gaseous  molecules  penetrate  the 
liquid  and  l)ccome  di.ssolved.  Some  of  these  dissolved  molecules 
est*aj»e  from  the  water  from  time  to  time,  again  l»ecoming 
gaseous.  It  is  evident,  however,  that  if  a  lifjuid,  water,  is  brought 
into  contact  vith  a  gas  under  definite  pressure*, — that  is,  containing 
a  definite  nimiF)er  of  molecules  to  a  unit  volume. — an  equilibrium 
will  l>e  established.  As  many  molecules  will  i)enetrate  the  liquid 
in  a  given  time  as  escajje  from  it,  and  tlie  liquid  will  hold  a  definite 
numi>er  of  the  gas  molecules  in  solution.  It  will  be  saturated  for 
that  pressure  of  gas.  If  the  pressure  of  the  gas  is  increasc<l,  how- 
ever, an  e<iuiUbrium  will  !>e  established  at  a  higher  level  and  more 
niolecides  of  gas  will  Ih;  <li.ssolved  in  the  li(|uid.     E\iM?riments  liave 
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nhown.  in  accordance  with  this  niechaiiiciil  conception,  that  the 
amount  of  a  yjiven  gas  dissolved  by  a  given  liquid  varies,  the  temper- 
ature remaining  the  same,  directly  with  the  pressure. — that  is, 
it  increases  and  4lecreases  pro[x>rtionalIy  with  the  rise  and  fall  of 
the  gas  pressure.  This  is  the  law  of  Henr>-l)alton.  On  the  other 
handi  the  amount  of  gas  dissoh'ed  by  a  liquid  varies  inversely  with 
the  temf>erature.  It  follows,  also,  from  the  same  mechanical  views 
that  in  a  mixture  of  gases  each  gas  is  tlissolvcd  in  proportion 
to  the  pressure  that  it  exerts,  and  nnt  in  proportion  to  the  pressure 
of  the  mixture.  Air  consists,  in  round  numhers,  of  4  parts  of  N  and 
1  part  of  U.  Consequently,  when  a  volume  of  water  is  exposed  to 
the  air  the  oxygen  is  dissolved  according  to  its  "fwirtial  pressure/' 
— that  is,  under  a  pressure  of  ^  of  an  atmosphere  (152  nuns.  Hg). 
The  water  will  contain  only  ^  as  much  oxygen  as  it  would  if  exposed 
to  a  full  atmosphere  of  oxygen — that  is,  to  pure  oxygen.  And,  on 
the  other  hand,  if  water  has  been  saturateil  with  oxygen  at  one 
atmosy>here  (7G()  mms.)  of  pressure  and  is  then  exposed  to  air. 
four-fifths  of  l!ie  dissolveil  oxygen  will  l>e  given  off,  since  the  pressure 
of  the  surrounding  oxygen  has  i)ecn  diminLshed  that  much.  Ab- 
sorption cotjfwitnl.  By  this  term  is  mejint  the  number  that  ex- 
presses the  ]>rfiportion  of  gas  dissolved  in  a  unit  volume  of  the  liquid 
under  *jne  atmosjthere  of  pressure.  The  aI>S(>rption  coefficient  will 
vary,  of  course,  with  the  temperature.  'J*he  gasas  that  interest  us 
in  this  connection  are  oxygen,  nitrogen,  and  carbon  dioxid.  The 
alKsorption  coefficients  of  these  gases  for  the  blood  at  the  tempera- 
ture of  the  body  are  as  follows:  O,  0.0262;  N.  O.Ol.'tO:  CXD„  0.5283. 
That  is»  1  c.c.  of  blood  at  body  temperature  dissolves  0.0262  of 
1  c.c.  of  oxygen  if  exposed  to  an  atmosphere  of  pure  oxygen,  and 
so  on.  The  solubility  of  the  COj  Is  therefore  twenty  times  as  great 
as  that  of  oxj'gen.  Accepting  these  figures,  we  may  calculate  how 
nuich  of  these  three  gases  can  he  held  in  the  arterial  blooti  in  physical 
solution,  providai  we  know  the  pressure  of  the  gases  in  the  alveoli 
of  the  lungs.  The  composition  of  the  alvTolar  air  will  be  discussed 
farther  on,  but  we  may  assume  at  present  that  it  contains  SO  per 
cent,  of  nitrogen,  15  per  cent,  of  oxygen,  and  5  per  cent,  of  carbon 
dioxid.  In  100  c.c.  of  blood,  therefore,  the  following  amounts  of 
these  gases  should  be  held  in  solution: 

Nitrogen 100  X  0,013     X  0.80  =  1.04    cc- 

Oxygen 100  X  0.0262  X  0.15  =  0.393    " 

Carbon  dioxid 100  x  0.5283  X  0.05  =  2.64      " 

As  will  l>e  seen  from  the  analyses  given  above  of  the  actual  amounts 
of  these  gases  obtained  from  the  blood,  the  nitrogen  alone  is  present 
in  quantities  corresponding  to  what  would  Ije  expected  if  it  ia 
held  in  simple  physical  solution. 
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The  Tension  or  Pressure  of  Gases  in  Solution  or  Combi- 
aation. — When  a  ga>-  is  held  in  solution  tite  etjuiiihrinin  is  de- 
?tntycd  if  the  pressure  of  this  gas  in  the  surrounding  jnedium  or 
atmosphere  is  changeil.  If  this  pressure  is  increased  (he  liquid 
takes  up  more  of  the  gas,  and  an  equilibrium  is  ej>tal)li.shed  at  a 
higher  level.  If  the  pressure  is  decreased  the  liquid  gives  ofif 
£Oine  of  the  gas.  That  pressure  of  the  gas  in  the  surrounding 
Atmosphere  at  which  oquiUbriuni  is  estahlished  measures  the  tension 
of  the  gas  in  the  Jiquid  at  that  titue.  Thus,  when  a  howl  of  water  is 
expoeerl  to  the  air  the  tension  of  the  oxygen  in  solution  is  152  mms. 
Hg;  that  of  the  nitrogen  is  GOS  mnis.  Hg.  If  the  same  water  is 
K(x>seii  to  pure  oxygen  tht?  tension  of  the  r»xygen  in  solution  is 
:jual  to  760  ninis.  Hg,  while  that  of  the  nitrogen  sinks  to  zero 
if  the  gas  that  is  given  off  from  the  water  is  renic^ved.  With 
cx)mpounils  such  as  oxyhemoglobin  the  tension  under  which  the 
oxygen  is  held  is  measured  by  the  pressure  of  the  gtus  in  the  sur- 
rounding atmosphere  at  which  the  compound  neither  takes  up  nor 
gives  off  oxygen.  If,  therefore,  it  is  neeessarv-  to  determine  the 
tension  of  any  gas  held  in  solution  or  in  dissociable  combination  it  is 
sufficient  to  determine  the  percent^ige  <if  that  ^as  in  the  surrounding 
atmosphere  and  thus  ascertain  the  [>artial  pressure  that  it  exerts. 
If  the  atmosphere  contjiins  5  jicr  cent,  of  the  gas  the  partial  pressure 
Is  ec|ual  to  3S  mms.  Hg  (760  X  0,05),  and  this  figure  exf)resses 
the  teasion  under  which  the  gas  is  held  in  solution  or  combination, 
regarfls  the  tension  of  the  gases  in  arterial  and  venous  blood, 
proceiJure  is,  of  coui*se,  not  possiljle,  since  the  l)lood  is  sur- 
rounded, not  b}'  an  atmosphere  whose  conqjosition  can  be  analyzetl, 
but  by  the  liquids  of  the  body,  the  lym]>h  and  cell  juices.  To 
determine  the  tension  of  the  gases  in  the  blood  it  is  necessary  to 
remove  the  l>lood  fn>m  the  vessels  and  bring  it  in(o  contact  with  an 
atmosphere  containing  a  known  quantity  of  ( ),  W^,  or  N.  according 
to  the  gas  to  be  measured.  By  trial  an  atmosphere  can  be  obtained 
in  which  this  gas  is  contained  in  amounts  such  that  there  is  no 
niarke<l  increase  or  decrease  in  quantity  after  standing  in  (.lifTiision 
relations  with  the  blood.  The  |jercGntage  of  the  gas  in  the  atmos- 
phere chosen  will  measure  the  tension  of  that  gas  in  the  blmxl.  An 
instnmient  which  has  l»een  much  used  for  such  determinations  is 
repre**ent^d  ditigrammatically  in  Fig.  245.  It  is  known  as  an  aero- 
torjon^eter  (Pfliiger).  It  consists  of  a  tube  (A)  which  can  be  con- 
necter! thn»ugh  />  dire<*tly  with  the  blood-vessels.  This  t\i\>e  A  is 
surrounded  by  a  jacket  (C)  containing  warm  water, so  that  the  blood 
may  Ije  kept  at  the  Ixxly  temj)erature  during  the  exix*riment.  A 
is  first  completely  filled  with  mercun*  from  the  bulb  M  to  rlrive  out 
the  air.  An  atmosphere  of  known  composition  is  then  sucked  into 
A  by  dropping  the  bulb.     Blood  is  allowefJ  to  flow  into  A  through 
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the  stopcock  b  and  to  trickle  down  the  sides  of  the  tube.  Diffusion 
relations  are  set  iij>  l>etween  the  bloo<l  and  the  known  atmosphere, 
and  after  equilibrium  bus  been  established  the  gas  is  driven  out 
through  tt  into  a  convenient  receiver  and  analyzed.  If  two  aero- 
tononieters  are  used,  one  containing  the  gas  at  somewhat  liigher 
pressnre  than  that  expected,  and  the  other  at  a  somewhat  lower 

[)ressin'e,  an  average  result  is  ol>- 
taiiiori  which  expresses  with  suffi- 
cient accuracy  the  pressure  of  the 
given  gas  in  the  blood. 

It  is  important  not  to  confuse 
the  tension  at  which  a  gas  is  held 
in  a  liquid  with  the  volume  of  the 
gas.  Thus,  blood  exposed  tc  the 
air  contains  its  oxygen  imder  a 
ten.sion  of  152  nmis.  Hg^  but  the 
araount  of  oxygen  is  equal  to  2() 
voluntes  |)er  cent.  Water  exposed 
to  the  air  contains  its  ox>'gen  un- 
der the  same  tension,  hut  the 
amount  of  gas  in  solution  is  less 
than  1  volume  |)er  cent.  Tensions 
of  gases  in  liquids  are  expressed 
either  in  percentages  of  an  atmos- 
phere or  in  millimeters  of  mercnn-. 
Thus,  the  tension  of  ox>'gen  in  ai^ 
terial  blood  is  found  to  be  equal 
to  about  10  per  cent,  of  an  atmos- 
phere or  76  mms.  Hg.  (760  X  0.10). 
The  Condition  and  Signifi- 
cance of  the  Nitrogen. — We  may 
accept  the  view  that  the  nitrogen 
of  the  blood  is  held  in  phv.sical 
solution.  The  amount  present 
corresjxinds  with  this  view,  and, 
moreover,  it  is  found  that  the 
quantity  varies  directly  with  the 
pressun*  in  accordance  with  the 
law  of  IIenr>'  and  Dalton.  If  an 
animal  is  permitted  to  breathe  an  atmosphere  of  oxj-gen  and 
hydrogen  the  nitrogen  disappears  from  the  blood,  and  the  nitrogen 
contents  of  the  arterial  and  venous  bloods  exhibit  no  constant 
difference  in  quantity.  It  seems  certain,  therpfcire,  that  the  nitro- 
gen plays  no  direct  r6lc  in  the  ph\-siological  processes.  It  is  ab- 
sorbed by  the  blood  in  proi:>ortion  to  its  partial  pressing  in  the 
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FiK-  24S.--Diagrain  in  show  the 
principle  uf  the  Hernlonumcter :  .4,  The 
tube  cntitaiuiiiu  ^  known  mixturr  of 
OMfBi  O.  COa,  N ;  C,  ttie  ouUitie  jucket 
Tor  moinl-oiiung  a  constant  body  tem- 
perature. When  Rtopciwk  h  is  <ii>en 
the  bliHxi  trioklos  down  the  liuies  of  A 
ui<l  enter*  intodiffuMnn  relntinns  with 
the  cdiitairied  piM^^.  .\ftcr  eqiiilibriuin 
is  reurhe*)  ihc  ?ir»iM.'ock  b  i-  clr>?^e<l  and 
o  in  opened.  By  niennr*  of  the  mer- 
cury hulb  ilie  KA?et*  cnn  then  be  forced 
out  of  A  into  a  ouitahle  receiver  for 
analy.-fi-t. 
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alveoli  or  the  lungs  and  circulates  in  the  blood  in  small  amounts         ^^H 
without  exerting  any  iniiiieiliate  influenec  n|x>n  the  tissues.                       ^^H 
Condition  of  Oxygen  in  the  Blood.— I'hat  the  oxygen  is  not         ^^M 
held  in  the  bloo<l  merely  in  sohition  is  indicated,  in  t}ie  first  place,         ^^^| 
by  the  lai-ge  quantity  present  and.  in  the  second  place,  by  the  fact         ^^H 
that  this  quantity  does  not  vary  direetly  with  the  pressure  in  the               H 
surniimding  medium.     It  is  definitely  known  that  by  far  the  largest                ■ 
portion  of  the  oxygen  is  held  in  chemical  condiination  with  the               H 
hemoglobin  of  the  red  corpuscles,  while  a  much  smaller  portion,               H 
var>ing  ^ith  the  jjre.ssure.  is  held  in  solution  in  the  plasma.    The         ^^H 
couifx>und  oxyheaio^ilobin  possesses  t!ie  important   property  that          ^^H 
when  the  pressure  of  oxygen  in  the  surrounding  medium  falls  sufh-         ^^H 
ciently  it  I>egins  to  dissociate  and  free  oxygen  is  given  off.    Tlie  proc-         ^^H 
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Fie.  246. — Curve,  dottrtl  Hnc.  to  #how  the  du»oei*tion  of  oxyhemoglobin  in  blood             ^^^^| 
tioder  «Iiffervnl  |)re««urv/>  nf  itxyicrn.     (After  Locvry.)     The  nniinnie-^  give  the  percenlB«fta             ^^^H 
%li  i«ttirBtioTi  of  the  bernoglnbtti  with  oxy^Een,  aaeUininK  cfiniplrtr  ^turattnn  ( 100  [«r  cent.)              ^^^^| 
vhao  bliXKi  10  exposed  to  atmoopberic  air.     The  cnrrp/-t>(>mling  prefwturen  of  oxygen  «ra             ^^^^| 
Mpcwatett  alonn  the  atwiji— .  at  the  top  in  mns.  of  mercury,  at  tiie  bottom  tu  jiereealafea              ^^^H 
H         CkTaa  aUnoHpbere.                                                                                                                                      ^^^H 

1      Q8S  of  dissociation  is  facilitated  also  by  increase  of  temperature.          ^^ 

H      provided,  of  course,  that  it  does  not  rise  tf»  the  point  of  coagulating                ■ 

H     the  hemoglobin.     The  amount  of  disscK-iation  that  takes  place  under 

^^  Afferent  pressures  of  oxygen  in  the  surrounding  medium  has  l>een 

^B*%tudied  Jjoth  for  solutions  of  pure  hemoglobin*  arui  for  defibrinated 

^r    Wwwl.t     It  wotdd   seem   from   recent  wtirk   that    the  compounti 

"     Iwtween  oxygen  and  hemoglobin  is  more  easily  diss4:iciated  when  the 

henjoglobin  is  in  its  natural  condition  in  the  corpuscles  than  when  it 

has  been  crvstallized  out  and  r»btainefl  in  pure  solutions.     The 

results  that  have  l>een  obtained  from  experiments  upon  defibrinatwl 

H      lilood  probably  represent,  therefore,  more  nearly  the  conditions 

B                 *  Hufner,  "Arcliiv  f.  Pl.vsiolnjrie."  «uppl.  volume,  1901,  p.  213, 
■               t  boewy,  "  An-hiv  f.  Pliv^ioloiric."  itMM,  p.  245. 
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(>f  dissociation  in  the  body.  The  results  obtained  by  Loew\'  are 
indicated  in  the  cun'e  of  dissociation  shown  in  Fig.  246,  obtained 
from  exj)criment«  on  human  I>Io<h1.  At  a  pressure  of  oxygen  of 
152  raraa.— that  is.  when  expose*!  to  onlinan-  air— the  hemoglobin 
is  nearly  or  completely  saturated  with  oxygen.  If  the  oxygen 
pressure  is  increasetl, — if,  for  instance,  the  blooil  is  exposed  to  pure 
ox3'gen  (pressure,  76*)  mnis.), — no  more  oxj-'geji  is  combined 
chemically  by  the  hemoglobin.  Adtlitioiial  oxygen  will  l>e  taken 
up  by  the  blood,  hut  only  in  s*)  far  as  it  can  pass  into  solution  in  the 
Ijjood-plasma.  Oxygen  thus  (hssolvcd  in  the  blood-plasma  olx?ys 
the  Honry-Dalton  law  anrl  will  he  at  onee  given  off  when  the  oxygen 
pressure  of  the  surrounding  medium  is  lowered.  If  the  pressure 
of  oxygen  falls  belt»w  that  of  the  air  (152  mma.)  the  cheniically 
combined  oxyhemoglobin  begins  to  dissociate  slowly  at  firet,  but 
as  the  pressure  falls  below  7t)  mms.  the  dissociation  becomes 
much  more  rapid,  ami  the  oxygen  thus  lil>erat«d  from  chemi- 
cal cond>ina(ion  is  from  a  quantitative  standpoint  much  more 
inipfirtant  than  that  freed  from  solution  in  the  pla*sma.  This,  in 
fact,  is  the  process  that  takes  plac*e  as  the  blood  circulates  tlirough 
the  tissues.  The  arterial  blood  enters  the  capillaries  with  its 
hemoglobin  nearly  saturated  with  oxygen, — alxiut  10  c.c.  to  each 
lOU  c.c.  of  blood.  After  it  leaves  the  ca|iillari(?s  the  venous  blood 
contains  only  altout  12  volumes  of  oxygen  to  each  KM)  c.c.  of  blood. 
In  the  passage  of  the  capillaries^  which  takes  only  about  one  setHjnd, 
the  blood  lases,  therefore,  35  j)er  cent,  or  more  ()f  its  oxygen,  'llie 
physical  theon'  of  res|>iratif*n  furnishes  tlat-a  to  show  that  this  loss 
is  due  to  a  dissociation  of  the  oxyhemoglobin,  owing  to  the  fact  that 
in  passing  through  the  cajjillaries  the  blood  is  bnnight  into  exchange 
with  a  surrounding  medium — I'jTuph,  cell  liquid — in  which  the 
oxygen  pressure  is  verv  low. 

Condition  of  the  Carbon  Dioxid  in  the  Blood.— Carbon 
dioxid  is  evidently  contained  in  the  blood  in  chemical  combination 
as  well  as  in  solution.  The  amount  j)resent.  4()  to  45  volumes  per 
cent.,  is  entirely  too  great  to  be  accounted  for  by  solution  alone. 
Moreover,  the  content  of  the  blood  in  C< ),  does  not  vary  proix>rt.ion- 
ally  to  the  pressure  of  CO^  in  the  surrounding  me<lium  in  acconiance 
with  the  law  of  Henr>'  and  Ualton,  Examination  of  the  blootl  by 
means  of  the  gas  pump  shows  that  COj  is  contained  in  toth  the 
corpuscles  and  the  plasma  or  senmu  The  results  of  various  analyses 
would  indicate  that  about  J  of  the  tfftal  amount  is  held  in  the  cor- 
puscles and  about  J  in  the  liqui<l  of  the  blood,  and,  since  the  cor- 
puscles make  up  about  J  of  the  bulk  of  the  blood,  this  fact  would 
indicate  that  the  COj  is  rhstriljut^tl  unifonnly  throughout  the  nuisa 
of  the  blood.  The  condition  of  the  TO,  in  the  blood  may  be  con- 
sidere<l  under  three  heatls:  (1 )  The  i>art  in  s<jlution;  (2)  the  part  in 
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chemical  combination  in  the  plasma;  (3)  the  part  in  chemical  com- 
bination in  the  corpuscles.  Regan linp  the  part  in  solution,  we  may 
tttimate  apprnxiniatt^y  it^  value  fn>ni  aur  knowledge  of  the  abs<jrp- 
tion  coetficient  of  this  gas  at  the  teiiifjeruture  of  the  body.  As  stated 
onp.OtK),  the  calculation  would  account  for  2. G  c.e.  of  the  gas  in  each 
100  c.c.  of  blood, — that  is,  about  o  <ir  (i  ]ier  cent,  of  the  total  amount 
present  in  venous  blood.  The  part  of  the  carbon  ;lioxi<l  present 
in  the  plasma  is  held  partly  in  loose  chemical  comltination,  partly  in 
a  more  fixed  form.  That  is  to  say,  if  serum  or  plasma  is  ex]x>8ed 
to  a  vacuum  only  a  fX)rtion  t>f  the  CU^  is  given  off;  to  obtain  the 
remainder,  the  so-called  fixed  CO,,  it  \s  nece.ssar^'  to  add  some 
weak  acid.  If  the  full  blood  is  used  in  siicli  an  exf>eriment  all  of  the 
C(>j  may  l)e  obtained, — a  fact  which  indicates  that  the  red  corpuscles 
(henu)globin)  play  the  part,  in  this  resjiect^  of  a  weak  acid.  The 
form  in  which  the  CUj  is  held  in  the  f>lasma  is  not  entirely 
understoxl.  It  is  supposed  tliat  it  is  comljined  with  the  alkali 
d  the  blood  as  sodiimi  carlK>nate  (Na^CO^)  or  sodium  bicar- 
bonate (HNaCX),).  When  the  carbon  dioxid  pressure  in  the  sur- 
rounding medium  is  lowered,  s*>me  of  the  bicariwnate  dissociates, 
giving  off  CX)j;  and  the  reverse  takes  place  when  the  pressure  of  the 
carix)n  dioxid  is  raised.  I'Issentially,  therefore,  the  prtK-ess  of  taking 
up  and  giving  off  CXJj  from  the  [jlasma  nmy  lje  represented  by  the 
reaction:  Na^CO,  -f  C03  4- ITjOl^  2(HNaCO,).  Iti  the  blood,  how- 
ever, the  conditions  are  more  complex  than  in  a  simple  aqueous  solu- 
tion of  carbonate  of  soda.  The  proteid  present  has  also  an  affinity  for 
the  alkaU  and  thus  acts  like  a  weak  acid  in  aiding  the  dissociation 
of  the  bicarlx^nate.  One  may  say  that  the  alkali  of  the  blood  is 
distributetl  taween  the  CO,  and  the  (jroteid  in  accordance  with 
the  law  of  mass  action,  and  that  the  jiroteid  thus  plays  an  inijMjrtant 
part  as  well  as  the  alkali  in  contrr»lling  the  conditions  under  which 
the  CX)j  is  held.  The  i>hosphoric  aciil  in  the  blood,  so  far  as  it  is 
present,  plays  naturally  a  similar  role  in  combininK  with  the  alkali 
&nd  thus  influencing  the  dissociation  of  the  comp+iund  of  the  CX), 
with  the  alkali.  If  the  pmteids  (and  phosphates)  were  not  present 
the  combination  l)etween  the  alkali  anri  COj  wou!d  l»e  so  strong  that 
the  compound  would  fail  to  fulfill  its  respiratory  functions. — that  is, 
it  would  not  lii.ssociate  readily  when  tlie  pressure  of  the  L'O^  in  the 
airrounding  me<lium  i.s  lowered. 

The  portion  of  the  C()^  that  is  held  in  the  corpuscles  is  contained 
in  part  in  combination  with  the  alkali  present,  under  the  same  con- 
ditions as  thr»6e  descril>ed  for  the  plasma.  Hut,  according  to 
Bohr.*  the  hemogloliin  is  capable  of  combining  directly  with  the 
CTJ,,  and.  inde»l.  independently  of  the  amount  of  oxygen  that  it 
may  hold  in  combination.  He  suggests  that  the  CO,  combines  with 
•  Bohr,  **Skaiidinavische»  Archiv  f.  Physiologie,"  16,  402,  1904. 
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the  proteid  portion  (globin)  of  the  molecule,  whereas  the  oxygen,  j 
is  well  known,  unites  with  the  pigment  portion,  the  henmtin.  The 
contlition  of  the  CUj  in  the  l)l()od  is  tiiereforp  not  so  simple  as  ttiat 
of  the  oxygen;  but  so  far  as  the  mechanism  affecting  the  exchange 
of  COj  in  the  tissues  and  in  the  lungs  is  concerned  it  must  be 
regarded  as  dependent  upon  a  reaction  between  the  gas  and  the 
alkali  of  the  blood,  inftuenretl,  as  above  stat^ed.  by  the  presence  of 
the  proteid.  There  is  apparently  no  sj>ecially  developed  organic 
substance  which  acts  as  a  carrier  of  CO,  in  the  same  way  that 
hemoglobin  behaves  toward  oxygen. 

The  Physical  Theory  of  Respiration. — The  physical  theor>' 
of  respiration  assumes  that  the  gaseous  exchange  in  the  lungs  and 
in  the  tissues  takes  place  in  accordance  with  tlie  physical  laws  of 
diffusion  of  gases.  If  a  penneable  membrane  sejxiratee  two  vol- 
umes of  any  gas,  or  two  solutions  of  any  gas  at  different  pressures, 
the  molecules  of  the  gas  will  jmss  through  the  membrane  in  both 
directions  until  the  pressure  is  equal  on  both  sides.  As  the  exceas 
of  movement  is  from  tfie  point  of  higher  pressure  to  the  point  of 
lower  pressure,  attention  is  paid  only  to  this  side  of  the  process, 
and  we  say  that  the  gas  diffuses  from  a  point  of  high  tension  to 
one  of  lower  tension.  After  e<|uilibrium  is  established  and  the 
pressure  is  the  same  on  both  sides  we  must  imagine  that  the 
diffusion  is  equal  in  both  directions,  and  the  condition  is  the  same 
as  though  there  were  no  further  diffusion.  In  order  for  this 
theor>'  to  hold  for  the  exchange  in  the  b<Kly  it  must  l)e  shown  that 
the  physical  conditions  are  such  as  it  demands.  Numerous  experi- 
ments have  been  made,  therefore,  to  determine  the  actual  pressure 
of  the  oxygen  and  carbon  dioxid  in  the  venous  blood  as  com- 
pared with  the  pressures  of  the  same  gases  in  the  alveolar  air,  and 
the  pressures  in  the  arterial  blood  as  compared  with  those  in  the 
tissues.  Although  the  actual  figures  obtained  have  varieti  some- 
what with  the  method  used,  the  species  or  condition  of  theanimal, 
yet,  on  the  whole,  the  results  tend  to  support  the  physical  theory. 

The  Gaseous  Exchange  in  the  Lungs. — It  is  impossible  to 
determine  the  exact  composition  of  the  alveolar  air.  The  expired 
air  can,  of  course,  l>e  collected  and  analyzed,  but  obWousIy  this  is  a 
mixture  of  the  air  in  the  bronchi  and  the  alveoli,  and  consequently 
has  more  oxygen  and  less  carbon  dioxid  than  the  air  in  the  alveoli. 
The  i>robable  com[)osition  of  the  alveolar  air  lias  been  calculated  by 
Zuntz  and  LoewT  for  normal  (juiet  breathing  in  the  follo\\ing  way: 
The  capacity  of  the  bronchial  tree  is  14<)  cc,  and  this  air  may  be 
considered  as  similar  in  composition  to  atmospheric  air.  A  norma] 
expiration  contains  5(K)  c.c;  hence  the  alveolar  air  constitutes  only 
360  c.c.  or  ^5  of  the  entire  amount.  If  the  expired  air  contains  4.38 
per  cent,  of  COj,  then  the  alveolar  air  must  contain  4.38  h-  J^  or  6 
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per  cent,  of  carbon  dioxid.  By  the  same  mode  of  calculation  the 
oxygen  in  the  alveoli,  assuming  that  the  expired  air  containa  16 
per  cent,  and  the  nitrogen  suffers  no  change,  should  be  equal  to  14 
per  cent,  of  an  atmosphere  or  l(J6  mms.  of  Hg  (760  X  0.14).  Actual 
ol)servations  made  by  the^e  authors  upon  hiunan  beings  in  which 
the  expired  air  was  aimlyzed  indtcute  that  the  cam|K>sition  of  the 
fllveolar  air  may  vary  between  the  following  liiiiit<s:  Oxj^gen  be- 
tween 11  and  17  })er  cent,  of  an  atmosphere  (S3. 6  to  129.2  mms. 
Hg);  carbon  tiioxid  l)etween  3.7  and  5.5  per  cent,  of  an  atmosphere 
(27.9  to  41.8  mms.  Hg). 

Loew>'  and  von  Schrotter  have  determined  also  the  average  ten- 
sion of  these  gases  in  the  blood  of  man.  Their  method*  consisted 
in  blocking  off  one  lung  or  one  lobe  of  a  lung  by  a  metal  catheter 
inserted  tlux)ugh  the  trachea.  After  the  lapse  of  half  an  hour  of 
so  the  gases  in  this  occhuled  jwirtion  had  reached  an  equilibrium 
by  inten'hangc  with  the  venous  blood  which  represented  the  tension 
actually  existing  in  the  circulating  venous  blood.  A  jjortion  of  this 
air  was  then  withdniwn  by  means  of  a  suitable  device  and  was 
analyzed.  Their  average  result  was  that  in  the  venous  blood  the 
oxygen  exists  under  a  tension  of  5.3  per  cent,  of  an  atiTiosphere 
(40.2  nuns.  Hg),  and  the  CO,  under  a  tension  of  6  per  cent.  (45.6 
mms.  Hg).  The  physical  relations  of  pressure  between  the  alveolar 
air  and  the  gases  in  the  venous  blood  may  be  represented  as  follows: 


OXTQEN. 

Alveolar  air 83.6  to  129.2  mms. 

Membrane ' 

Venous  blood  . . .        40.2  mms. 


Cakbun  Dioxid. 
27.9  lu  41.8  mms. 

1 
45.6  rams. 


Diffusion  must  take  place,  therefore,  in  the  direction  indicated 
by  the  arrows.  As  the  oxygen  passes  through  into  the  blood  it  is 
combined  with  the  hemoglobin  and  it  is  estimated  that  the  arterial 
blood  as  it  flows  away  from  the  lungs  is  nearly  saturated  with 
oxygen,  lacking  j)erhaps  only  1  volume  per  cent,  of  being  completely 
saturated  (Pfluger).  That  is,  if  the  normal  arterial  bltjod  contains 
19  c.c,  of  oxygen  for  each  100  c.c,  of  blood,  it  is  probable  that  one 
more  cubic  centimeter  might  be  combined  by  the  hemoglobin  if 
exposed  fully  to  the  air  or  oxygen.  The  difference  in  tension 
l>etween  the  carlx)n  dioxid  on  the  two  sides  of  the  membrane  is  not 
so  great  as  in  the  case  of  the  oxygen,  but  owing  to  the  more  rapid 
diffusion  of  this  gas  it  is  probable  that  this  difference  suffices  to 
explain  the  exchange.  In  this  matter  one  must  bear  in  mind  also 
the  ver\'  large  expanse  of  surface  offered  by  the  lungs  and  the  very 
contplete  subdivision  of  the  mass  of  blood  in  the  capillaries.    Thus, 

•  boewv  and  von  Srhrtttter,  "Zeitwhrift  fiir  experimeDtelle  Pathologie 
imd  Tberapie,"    1,    197,    19a5. 
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following  a  calculation  made  by  Zuntz.  the  surface  of  the  human 
lungs  may  be  estimated  at  90  st^.nis.  or  l)t)(),000  sq.cms.  If  we 
assume  that  300  c.c.  of  carbon  dioxid  (5(K)  X  0.04  X  15)  are  gix^en 
off  from  the  blood  in  a  minute  this  would  indicate  a  diffusion 
thrnu*;h  each  square  ceutiiueter  of  only  0.OCHJ3  c.c.  (imVDVir)' 

Exchange  of  Gases  in  the  Tissues. — The  arterial  blood  passes 
to  the  tissues  nearly  saturated  with  oxygen  so  far  as  the  hemoglobin 
is  concerned,  and  this  oxygen  is  held  under  a  tension  equivalent 
probably  to  at  least  75  to  80  mms.  Hg.  The  carl>on  diu>ciii  is  lees  in 
<|uantity  than  on  entering  the  lungs  and  exists  under  a  smaller 
pressure,  which  may  l>e  assimied  to  l>e  the  same  as  that  of  the  carbon 
dioxid  in  the  alveoli  of  the  lungs, — namely.  3.7  to  5.5  per  cent,  of  an 
atnun^phere  (28.1  to  41.8  mms.  Hg).  In  the  systemic  capillaries 
the  lUfHxi  comes  into  diffusion  relations  with  the  tissues,  and  direct 
examination  of  the  latter  shows  that  the  oxygen  in  them  exists 
under  a  very  small  pressure,  practically  zem  pressure,  while  the 
CO,  is  present  untler  a  tension  (Strassl)urg)  of  7  to  0  |jer  cent.  (53.2 
to  6S.4  mms.).  Tlie  high  tension  of  the  CC)j  is  explained  l>y  the  fact 
that  it  is  l>eing  fonned  in  the  tissues  constantly  as  a  result  of  their 
metabolism,  while  the  low  tension  of  the  oxygen  is  due  t^i  the  fact 
that  on  entering  the  tissue  tlus  substance  is  combinetl  in  some  way 
in  a  chemical  comjx>und  too  finu  to  <]issociate.  The  physical  con- 
ditions are  therefore  such  as  would  cause  a  stream  of  CO,  from 
tissue  to  blood  and  a  stream  of  oxygen  in  the  reverse  direction. 

OxTGBN.  Carbon  Dioxid. 

Arterial  blood 75  mms.     28.1  to  41.8  mms. 

Wall  of  capiUar>- \ ^ 

T  ' 

Tissmes 0  mm.      53.2  to  68.4  mms. 

It  is  to  l>e  rememl>ered  that  in  this  exchange  the  blood  and 
the  lymph  act  as  interme<:liariea.  The  CO,  diffuses  from  lymph 
to  plasma  and  from  tissues  to  lymph.  The  oxygen  diffuses  from 
lymph  to  tissues,  from  plasma  to  lymph,  anil  from  oxyhen»o- 
globinto  plasma.  Bohr*  has  found  ex|Terimentally  that  in  blood, 
when  the  oxygen  tensi<in  is  low,  an  increase  in  the  COj  pressure  tends 
to  dissociate  the  oxyhemoglobin.  Since  these  conditions  prevail  in 
the  capillaries  of  the  bod\*  it  may  l)e  that  the  mere  presence  of  the 
CO,  in  increased  amounts  facilitates  the  liberation  of  the  ox>'gen. 

Suggested  Secretory  Activity  in  the  Respiratory  Ezchjmge.— Tlie 
view  timl  the  exchaiijie  of  pa-ses  in  ibe  luiijrs  Mini  tissues*  is  entirely  explained 
by  the  <iifTii-sion  of  the  j;jL<es  fn»ni  |M>iiits  of  liigh  tension  to  |>^^itll.•^  of  low  ten- 
sion, and  that  the  niernbmnes  interf>osc<l  arc  entirely  pa--^vive  in  the  prrK-et* 
has  not  iwissed  unfhallengeii.     Certain  ol)!^r\ers  (Hohr,  lialHanc  and  Sniith)t 

•  "  Skaiitlinaviaches  Archiv  f.  Phvaiolcwie,"  16,  402,  1904. 

t  See  Haldane  and  Smith,  '*  Journal  of  Physiology. "  20,  497.  1896. 
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claim  that  tho  tension  of  the  oxygeu  tn  the  arterial  htoo<l  is  hifEcher  than  the 
pressure  of  oxyften  in  the  alveolar  air,  and  Uohr  fia«  slated  that  the  pre-^sure 
of  (X).  ill  the  HIT  in  tlie  tnubea  is  higher  tliun  tJiat.  in  the  venous  hifMMl.  If 
thoec  lactw  were  fully  (icnionwtrate<i  they  wouUl  whow  that  tlte  phy.siral  tlieorv' 
outliued  above  is  in**utficieiit,  and  wou'ltl  indicate  that  the  mernljranes  von- 
rcnied  take  an  active  i>art  in  the  passaee  of  the  eases,  exerting  ]>OHsihly  a 
MCTetor>'  activity.  That  the  eeUs  of  those  menii*r4Uies  nuRht  secrete  the 
gaaco  b  not  at  all  ini]>oKsibie,  but  at  present  it  seenis  tti  1>e  unnecessanr*  to 
make  t^iuch  a  hupposition.  The  resfulUs  obtained  by  the  oUsen'er>4  mentioDed 
in  thiti  paracrapu  have  not  been  corroborate*!  hy  (he  numerous  other  ob- 
per\'erN  who  nave  workevl  in  tlie  Miine  fiel»i,  mid  it  .seem?-  probable  that  they 
may  l>e  due  to  exi)eriinrntu]  errors.  A  well-known  set  t>f  experiments  that 
?1.reii^hen  this  conclasitm  tiax  l>een  rei>orteil  by  \Volfn>erK  and  by  Nusshautn* 
And  has  since  been  rej>eate<l  upon  man.  In  these  ex|)eriinenl.*^  one  hron- 
dius  in  a  dog  was  completely  blocked  by  »  s|>ei'iallv  doipied  hmp  catheter, 
PC  arranged  as  to  occlu<le  the  bronchus  und  yet  allow  the  obwer\'or  to  draw 
off  a  specimen  of  the  air  at  any  time.  In  -•-urh  an  occludetl  lung  tlie  raj»ture»i 
air  k<i  m  diflTaxion  relation>  with  the  venon.«  blood  of  the  pulmonarj*  arten.*, 
and  if  the»*e  relatione  are  inuintainetl  fc^r  a  *!uffioient  time  an  e<|uilihrium 
should  Ije  cs'-labh.Hlien!  on  the  physical  ibtHiry,  the  ten.'^ioii  of  tlic  ^ases  in  the 
occluded  lung^^  l»efominp  the  >aine  a-^  iti  llie  venous  blooii.  Such  was  found 
to  be  the  cai^e.  When  at  the  end  of  the  ex[>eriment  air  ViUm  tlrawii  off  and 
Aimlyied  it  was  found  to  contain  IJ.ti  [>er  tent,  of  CO,,  while  the  len.sion  of 
the  CO,  in  sriecimen«  of  the  venoit-^  blLM»d  taken  from  the  ripht  heart  was 
prai-ticallv  iuenticab  If  there  is  an  active  f^ecretion  of  CU,  fmni  the  lunp* 
one  sltould  have  exnectetl  to  oljtain  a  higher  tendon  in  the  carL»on  dioxid 
of  the  alveolar  air  than  in  the  venous  bliKMl. 

•  "  Arrhiv  f.  die  gesammte  Physiologie/'  4,  465,  1871.  and  7,  296,  1873. 


CHAPTER  XXXVII. 
HWERVATION  OF  THE  RESPIRATORY  MOVEMENTS- 

The  nervous  supply  to  the  rospinxtorj'  muscles  is  received  from 
a  number  of  nen-es,  the  nei'vous  inachinen'  being  widely  dis- 
tributed in  the  brain  and  cord.  The  most  important  of  the  motor 
nerves  of  respiration  is  the  phrenic,  which  supplies  the  diaphragm 
and  originates  from  the  fourth  and  fifth  cemcal  spinal  nen'es. 
The  spinal  accesson'"  anil  branches  of  the  cemcal  and  brachial 
plexus  innervate  the  muscles  of  t.lie  neck  and  shoulder  which  are 
concenied  in  inspiration;  the  intercostals  imaervate  the  muscles  of 
the  thonix  and  abdomen,  while  branches  of  the  lumbar  plexus  send 
fibers  to  the  muscles  of  the  groin.  .Moreover,  the  facial  sends 
motor  branches  to  the  muscles  of  the  nose  and  the  vagus  supphes 
the  muscles  of  the  laryiLx.  All  of  these  muscles  belong  to  the 
skeletal  group  and  are  under  voluntary'  control.  Under  nonual 
comlitions.  luiwever,  this  entire  respirator>  apparatus  works 
rhythmically  without  voluntary-  control,  in  alternate  inspirations 
and  expirations,  all  the  inspiratory  muscles  contracting  together, 
and  all  the  expiratory  muscles  together  in  their  turn  when  the 
expirations  are  active.  The  co-ordinated  activity  of  sxich  an  ex- 
tensive mechanism  is  exphiined  by  the  existence  of  a  respiratory 
cenkr  in  the  medulla  oblongata. 

The  Respiratory  Center,— The  discover^'  of  the  location  of  the 
respinitory  cetder  Wius  due  juainly  t-o  the  exjieriments  of  two  French 
physiologists.  Legallois  and  Flourens.  The  latter  place<l  tlie 
center  in  the  juedulla  at  the  level  of  the  <'alamuH  scriptorius.  and 
described  it  as  a  very  sjnall  area  or  spot,  which  he  designated  at  first 
as  the  vital  knot  (rwcud  viUU)  under  the  mistaken  impression  that 
it  formed,  as  it  were,  a  central  or  focal  point  of  the  motor  system. 
It  has  since  been  shown  that  this  center,  like  the  vasomotor 
center,  is  bilateraL  If  the  lueihdlu  is  cut  through  in  the  mid- 
line the  respirations  may  proceed  in  a  nonual  manner.  The  center 
consists  of  two  parts,  each  connected  jirimarily  with  the  muscula- 
ture of  its  own  side.  Each  half  occupies  an  area  that  lies  s<unc 
distance  lateml  to  the  mid-line  and  beneath  the  floor  of  tlie  medidla 
at  the  general  level  of  the  calamus.  According  to  Gierke,*  the  area 
extends  in  rabbits  from  a  \mut  3  or  4  nuns,  in  fn)nt  of,  to  a  point 

♦  Ciierke.  "  Archiv  f.  die  gesannnte  Phvsiolojne,"  7,  5.S3,  1873;  mid  "Cen- 
Iralblatt  f.  d.  meci.  Wissenschaften/*  No*  34,  1885. 
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2  or  3  mms.  posterior  t^  the  calamus.  No  especial  group  of  cells 
nin  be  found  in  this  reg:ion  sufficiently  separated  anatomically  to 
niake  it  probable  that  they  constitute  the  center  in  question.  The 
repnn  has  been  <leHniitetl  by  viviset'tion  exjjerinients  only,  and, 
a<'i'onlinK  to  CJierkt?,  ourresjKjnds  in  ItK-ation  to  the  |x>sition  of  the 
R)htan-  fjimdle  (tmrtiis  srilitariuH).  A4*cording  to  Mislawsky,* 
it  lies  near  the  nu<l-line  in  the  fonnatio  reticularis,  while  Gadf  gives 
it  a  relatively  large  area  in  the  lateral  portion  of  the  fonnatio 
reticularis,  the  continuation  into  the  medulla  of  tlie  lateral  horn  c»f 
the  gray  matter  of  the  cord.  Destnictifjn  of  these  areas  or  section 
of  the  cord  anywhere  between  this  region  arxl  tlie  origin  of  the 
phrenic  nerve  cut«  off  the  re8pimtor\'  niovenients.  except  those  of 
the  nose  ^nd  lar\'nx,  antl  causes  death.  The  rapid  death  from 
injuries  to  the  rnrd  or  laedtdla  in  this  region — from  hanging,  for 
instance — is  explained  by  the  effect  upon  the  res]jirator>'  center 
or  its  connections. 

There  is  no  doubt  that  tlic  respinitorv  center  in  man  occupies  the  same 
general  position  lis  in  tl»e  other  inaiurnuls.  There  i^  on  reooni  a  caset  in 
which  wctioiis  were  nimle  of  the  itiedullii  in  a  i»ew-t>oni  infant.  ( >n  delivery 
il  wa»  necfrtsaiy*  to  puncture  the  cratiiutu  arul  remove  the  brain.  The  chiht 
still  live<l  uiwi  ibe  nietlullu  wh.^*  iiit  arrows  witli  scissors.  A  section  at  the 
pOBterior  en<l  of  the  cahmnis  sitipfH^I  ttie  respinition.s  immediately,  while 
one  •onienhat  unlehor  tuul  faile^l  to  have  thU  effect. 

The  general  ifleaof  the  connections  of  this  center  with  the  respir- 
»tor>*  muscles  may  l>e  descrihcil  as  followsi:  The  respiratort'  filjera 
arising  in  the  center  pass  down  the  cord.  [>n>l)ahly  in  the  antero- 
lateral columns,  and  end  in  the  gray  matter  of  the  cord  at  the 
elifferent  levels  at  which  the  motor  nuclei  uf  the  respirator}-  nerves 
are  sittiated.  Whether  the  connection  l>et\veen  the  respiratory 
center  and  the  spinal  motor  nuclei  is  made  hy  one  or  l)y  a  series  of 
neurons  is  not  known,  hut  we  may  assert  that  the  ner\e  path  from 
the  respirator>'  center  to  the  resf>iratorv  muscles  must  he  composed 
of  at  least  two  neurons.  Accortling  to  this  conception,  the  impulsea 
of  inspiration  and  expiration  for,  the  entire  respiratory*  mechanism 
ori^nate  in  the  medtdlan*  center  and  are  thence  di.strihuted  in  a 
oo-<)rdinate<l  way  to  the  lower  motor  centers  in  the  cord,  or.  in  the 
ette  of  tlie  noee  and  lar>'nx,  to  the  motor  centers  of  the  vagus  and 
facial. 

Spinjil  Respiratory  Centers.  —  At  different  limes  various  authon* 
(Brimn-S/'niianl,  I,anpenih»rff.  rt  ni)  have  insisteNi  that  there  exist  one  or 
more  ?«pinul  respiratory  centers,  and  that  the  niechdlarv  center  has  not  the 
i-oniniandinir  importance  inthcated  in  the  above  <lescription.  'Hie  fact  that, 
when  the  meihilla  nr  oer\'iral  roni  tielovv  tl>e  methitla  is  cut.  the  animal  at 
iince  reas<y*  to  breathe  is  exphuned  by  these  authors  on  the  assumption  that 

•  Mwlttwskv.  •'rentrall>latt   f.  die  mc<l.  Wi<wrnschaften,"    So.  27,   IS86. 

t  <tatl."  Arfhiv  f.  Phvsic»l<.^ir."  IS03.  p.  75. 

ti^  Kelirer,  "  Monatshefle  f.  prakt.  Dermatol.."  28.  450,  1892. 


612 


PHYSIOLOOV    OF   RESPIRATIOX. 


the  operution  causes  a  prolouged  uihibition  of  the  underlying  npinal  centers 
They  stale  tliat  young  aiiiniais,  esi»ecia.lly  if  imwle  h>'i>erirritable  by  the  in- 
jection of  stryoliniiij  niiiy  continue  to  Ijreuthe  afler  seotion  of  (lie  eoni  IjcIow 
the  metlulhi."  Thi?i  pijiiil  of  view,  however,  has  not  prevaiietl  m  phy.siologT,. 
Other  operulions  on  the  roni  nr  braiii  are  not  attemiei  by  hucmi  profnuml 
inhibition^  and  iiidee<l  Porter  uuil  Muhlberg  have  shown*  that,  if  half  of  the 
cord  alotie  is  rut ,  the  movements  of  the  tUaphragiii  on  that  side  are  i>crmai»c*ntly 
paralyzeii.  It  is  entirely  foiK-eivable  that  under  evceptional  conditions 
the  lower  neurons,  tlie  ilire<'t  motor  c-enters  of  the  respiratory  muscles,  might 
be  inatle  to  act  rh>'thmically,  ;*inoe  during  life  they  have  been  rhythmically 
Btimulftteil  from  the  tivetluUary  center:  but  the  evidence  ai  present  is  altif- 
gether  against  any  distinct  physiological  indei)endence  on  llie  jwirt  of  the^e 
neuroii-s. 

The  Automatic  Activity  of  the  Respiratory  Center. — The 

constant  activity  of  the  respiratory  center  throughout  life  suggests 
the  question  as  to  its  automaticlty.  Is  it  automatic  like  the  heart? 
That  is,  are  the  stiinuii  discharged  from  it  jjroducetl  within  its  own 
cells  as  a  result  of  its  own  nictaholism  under  the  normal  conditions 
of  circulation?  Or,  on  the  other  hand,  Is  it,  like  most  of  the  motor 
nuclei  of  the  central  ner\'ous  system,  only  a  reflex  cent-er.  its  motor 
discharges  \yeing  dei>endent  npon  impulses  received  from  other 
neurons  by  way  of  the  sensorv-  jjuths?  Obviously  the  only  way  to 
answer  such  a  question  directly  is  to  isolate  the  center  from  all 
afferent  paths  and  leave  it  connected  with  the  respiratorj'  mitscles 
only  by  motor  nerves.  If  under  such  conditions  the  respirator}' 
rhytlmi  continues  the  center  may  be  regarded  as  essentially  auto- 
matic, however  susceptible  it  may  be  to  reflex  influences.  A  close 
appnjximation  at  least  has  l>een  made  to  such  an  experiment. 
Rosenthal  finds  that  rhythmical  respirator)*  movements  continue 
after  the  following  o|x;rations;  first,  section  of  the  brain  at  the  cor- 
pora quadrigenjina  to  cut  off  influences  from  the  cerebrum,  thala- 
mus, and  midbrain;  second,  section  of  the  vagi,  to  shut  off  afferent 
impulses  from  the  viscera,  especialh'  from  the  lungs;  third,  section 
of  the  cord  at  the  seventh  ccn'ical  vertebra  to  exclude  sensor^' 
infiuences  through  all  the  underlying  [Misterior  roots;  and,  fourth, 
section  of  the  posterior  roots  of  (he  cervical  spinal  nen'es.  The 
medulla  with  its  respirator}'  center  was  thus  isolat<?d  from  alt 
afferent  impulses  except  such  as  might  enter  through  tlie  fifth, 
seventh,  eighth,  and  ninth  cranial  ner\'e.s.  Since  imder  these  con- 
ditions the  center  continued  to  act  rhythmically  we  may  draw 
the  probable  conclusion  that  it  is  essentially  automatic,  and  that 
it  ]>robably  possesses  an  intrinsic  rhythmical  activity  resembling 
that  of  the  heart. 

Reflex  Stimulation  of  the  Center.— According  to  the  results 

of  numerous  of)scrvers,  stinuilation  of  any  of  the  eensor>'  nerves 

of  the  body  may  affect  the  rate  or  the  amplitude  of  the  respiratory' 

movements.     This  experimental    result  is  confirmerl  by  our  own 

♦"American  Journal  of  Pliysiology,"  4,  334,  1900. 
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experience,  since  everyone  must  have  noticeil  that  the  respiratory 
movemente  are  readily  affecteii  by  strong  stimulation  (tf  the  cutane- 
ouB  nerves — a  dash  of  cold  water, 
for  example — as  well  as  through 
the  nen'es  of  sight  and  hearing. 
In  addition,  emotional  states  are 
apt  to  l)e  accompanied  hy  notice^ 
ahle  changes  in  the  respirations, 
and  correspontliiig  to  this  fact 
experiment  shows  that  stimuia- 
tion  of  certain  portions  of  the  cor- 
tex and  niidhniin  gives  distiiu't 
effects  ujM>n  the  respirator}'  cen- 
ter. We  must  assume,  thereffire, 
that  this  center  is  in  connection 
with  the  sensor}'  fibers  of  |x?r- 
hape  all  of  the  cranial  anrl  sjiinal 
nervee,  and  is  influenced  also  by 
intracentral  j)aths  passing  from 
ccrehnun  to  medulla,  paths  which 
are  efferent  as  regards  the  cere- 
brum, but  afferent  a.s  regards  the 
medulla.  As  stated  above,  the 
effect  of  these  sensor}-  nerves 
upon  the  ftctivity  of  the  respiratory  center  is  varieil;  the  rate  may 


^•ni      SciQtiC. 


Hk-  -47. — To  6ln)w  the  auj{T)^ciita- 
liun  o(  ilw  rt^^Ili^ltury  muvementfs  cau?«d 
by  Htifiiululinti  E>r  the  wtutw  oerve.  tlz- 
perimetit  ujmui  u  rabhtl. 


Hit.  24fl- — To  shew  th*  inliihiiion  of  the  r«-.|.imT..ry  iimvement'  in  a  rabbit  due  to 
vtimuUtirm  of  the  centrml  end  of  the  >'a|pi9.  The  reNpinitnry  movemenl-*  in  this  cue. 
t«f<iT«  and  after  KtimuUition,  wen  forced,  uwins  to  the  fact  ttiat  both  vtna  were  cut. 

■     he  changed  together  with  an  increased  or  decreased  amplitude,  the 
I     inspirations  and  expirations  may  each  Ije  increased,  or  one  phase 
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may  be  afFectetl  more  markedly  than  the  other.  In  generul.  how- 
ever, ex|^rimental  stimulation  of  a  sensor>'  nerve  trunk  which  con- 
tains cutaneous  fillers  gives  one  of  two  effects:  either  a  stimulating 
action,  manifested  hy  qnicker.  stn)nger  inspirations  and  active  ex- 
pirations, or  an  inhibitory  cPfct't,  in  which  the  respirations  cease 
altogether  or  Ijecome  slower  and  more  feeble  (Figs.  247  and  24S). 
If  in  this,  as  in  other  similar  cases,  we  assume  that  the  two  opjx»- 
aite  effects  are  produced  hy  different  nerve  fibers  we  may  speak  of 
sensor\'  fibers  which  have  u  sfunulating  or  augmenting  effect,  and 
of  tbnse  that  have  an  inhibiting  infiitenceon  the  center,  or  following 
the  terminology  used  in  the  ease  of  the  vasomotor  center,  we  may 
8i>eak  of  res[jiratorv  pressor  and  respiratory  depressor  fil)ers.  It  is 
quite  probable  tliat  these  fibers  have  other  functions, — thai  is.  they 
are  not  distributed  exclusively  to  the  respinitory  center.  A  cuta- 
neous fiber,  which  through  its  central  chain  of  neiuxjns  e\'entuall3' 
ends  in  the  cortex  cerebri  and  gives  us  a  sensation  of  pain,  may 
by  collateral  connectioiLs  affect  also  the  medullar^'  center  and  pro- 
duce effects  upon  ttie  heart,  blood-vessels,  and  resjwralions. 

The  Special  Relations  of  the  Afferent  Fibers  of  the  Vagus 
to  the  Center. — Although  the  sensory  nerves  in  general  exert  a 
reflex  effect  upon  the  rcspinitor\'  center,  experimental  work  has 
shown  that  the  sensory  fibers  {listril.nited  along  the  respirator)' 
passages  from  tlic  anterior  nares  to  tfie  alveoli  have  a  si)ei'iully 
important  relation  to  this  center.  This  fact  is  most  clearly  shown 
in  the  case  of  the  sensory  fibers  of  the  vagus,  which  arc  distribut-ed 
to  the  lungs  themselves.  If  the  two  vagi  are  cut  in  the  neck  the 
respiratory  movements  are  at  once  altered  in  character;  they 
show  a  much  slower  rhythm  and  greater  amplitude  (Fig.  249). 
The  inspirations  especially  are  deeper  and  longer,  with  something 
of  a  pause  at  the  end.  When  only  one  vagus  is  cut  an  intermediate 
effect  may  be  ol>taine(b  the  respirator}"  movements  may  be  slowed 
somewhat  and  sb^htly  dcci>enerl;  but  the  striking  effect  is  obtained 
only  after  section  of  both  nerves.  This  result  is  not  a  temporary' 
one  dne  t-o  the  stimulation  of  cutting,  but  is  permanent,  and  there- 
fore leads  to  the  conclusion  that  some  influence  lias  been  cut  off 
which  nonnally  keej>s  the  respiraton-  movements  at  a  more  rapid 
rate.  Experiment  has  shown  that  this  influence  consists  in  the 
tonic  action  of  sensory  fibers  contained  in  the  vagus  and  distributed 
to  the  lungs.  It  is  the  constant  effect  of  these  fibera  on  the  respira- 
tory center  which  maintains  the  normal  rhythm;  when  they  are 
severed  the  center  drops  into  a  slower,  Tmrcgulatcd  rhythm.  Ex- 
periment has  shown,  also,  that  when  the  central  stiunp  of  the 
divided  vagus  is  stimulated  artificially  the  raspirator>'  centar  is 
affected,  as  indicated  hy  {lie  resj^iratori'  movements,  in  a  variety 
of  ways  wWch  depend  upon  the  strength  of  the  stlmuliis  and  the 
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eondition  of  the  center.  The  two  results  which  are  most  constantly 
ohtained  and  which  mtiy  therefore  be  esjyecially  emphasized  are  as 
ftilJows:  first,  with  weuk  stiniiili  the  inspiratory  movements  are  in- 
hihite*!  jwirtially  or  completely,  givizis;  either  .sinader  niovenientn  or, 
in  a  condition  of  narcosis,  complete  cessation  of  respirations,  with 


Titf-  -^0- — To  ahow  the  effect  of  wction   t»f  the  viyo  on    n  '.iry    tnovementJi 

(rmbbit).     Ihe  right  vanu  waa  rut  at  i  iincl  cauwd  u  ffliKhi  uon  and  lowing 

of  the  (novement^.  The  left  vafO^t  waa  cut  at  xx  anU  cau»eU  In-^  »  moii  inhibition  (clue 
to  mechanical  PtimuJniiuni  which  war*  then  foUowed  by  the  lypicaJ  aIuw  ami  tleep  rei*pi- 
rmiitma  ewen  under  the^e  rutidition^. — (Dawaon.) 

the  thorax  in  the  stage  of  jmssive  expiration  (Fig.  24S),  or.  second, 
the  rate  of  the  inspirator}^  movements  may  be  increased  and  this 
nuiy  erjd  finally  in  an  in^jHratory  standstill, — that  is,  the  respiratory 
movementi^  cease  with  the  rhest  in  an  ins|)irat()rs'  (wsition  (Fig.  250), 
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Fix.  250. — To  illustrate  the  inoniniliiry  effect  from  MiinuUtion  (if  the  renlnl  end  of 
tbt  TscUA.  The  down5troke  represent!*  inspirmtion;  the  upMroke.  cxpirmtinn.  Dtinas 
the  penml  nf  stimulatinti  the  reiipinitiuns  ore  incretumJ  in  frequency  and  the  che^t  remaios 
in  a  eocuhtion  of  iiL'^piration. — (Leuxindt*v»ku.) 

the  inspirator^'  muscles  being  in  a  condition  of  tetanic  contraction. 
When  both  the  inspirator}'  and  expiratory  muscles  are  considered, 
the  variety  of  effects  that  may  Ik^  obtained  from  stimulation  of  the 
afferent  fibers  of  the  vagus  is  perplexing,  especially  with  strong 
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Btimiili,  and  has  le<l  to  much  difference  of  opinion  among  inves^ti- 
gators.*  The  two  main  effects  dascribed  a!>ove  and  obt-ained 
with  stimuli  not  too  strong  are  usually  interpreted  to  mean  that  the 
vagus  contains  two  kinds  of  sensor>'  fibers  which  are  distributee!  to 
the  lungs  and  act  normally  on  the  respiratory  center.  These  are: 
(I)  The  inspiraton,'  fibers,  whose  effect  is  to  increase  the  rate  of 
inspiratory  discharge  from  the  respiratorj'^  center;  therefore  to 
quicken  the  rate.  (II)  The  expirator>'  (or  inspiratory-  inhibiting) 
fibers,  whose  effect  is  to  inhibit  the  inspiratory  discharges,  partially 
or  completely.  Some  authors  find  it  simpler  to  assume  only  one 
kind  of  sen3or>'  fiber  and  to  explain  the  different  results  by  a  dif- 
ference in  the  nature  of  the  stimulus  or  in  the  condition  of  the  center; 
but  it  seems  advisable  at  present,  in  accordance  with  the  doctrine 
of  specific  ner\'e  energies,  to  hold  to  the  \iew  of  two  varieties. 

Influence  of  the  Inspiratory  and  the  Inhibitory  Fibers  of 
the  Vagus  on  the  Normal  Respirations,— It  is  assumed  that 
these  two  sets  of  fiber?  are  in  constant  activity  and  keep  the  re- 
spiratorj'  rate  more  rapid  than  it  would  be  otherwase.  Hence  the 
slowing  and  deepening  of  the  respirations  when  the  vagi  are  cut. 
The  way  in  which  these  sensor>'  fibers  are  stimulate<l  normally  was 
referred  by  Hering  and  Breuer  to  the  alternate  expansion  and 
collapse  of  the  lungs.  Each  inspiration  stimulates  the  inhibitors- 
fibers  in  conserjuence  of  the  expansion  of  the  lungs,  and  thus  cut3 
short-  the  inspiration,  prematurely,  as  it  were.  So  at  each  expint- 
tion  the  collaj>se  of  the  hings  stimulates  the  inspiratory  fibers  and 
brings  on  an  inspiration  sooner  than  would  otherwise  occur.  In 
this  way  the  respiratory  rat«  is  kept  automatically  at  an  accel- 
eratetl  rhythm.  A  stimulation  of  the  sensor>'  fibers  as  a  result  of 
expaasion  of  the  lungs  is  easy  to  comprehend  and,  indeetl,  it  has 
been  demonstnited  by  showing  that  with  each  expansion  an  action 
current  may  be  obtained  in  the  vagus  by  means  of  the  galvanometer 
or  capillary  electrometer.  But  that  the  normal  collapse  of  the 
lungs  also  acts  as  a  mechanical  stimulus  to  a  different  set  of  ner\'e 
endings  is  not  such  a  probable  hypothesis,  and  most  physiologists 
believe  that  it  is  not  necessar>'  to  adopt  it. — at  least  for  normal 
respirations.  Head  and  also  Schenck  have  shown  that  with  a 
certain  extreme  extent  of  collapse  evidence  may  be  obtained  of  a 
stimulation  of  the  inspirator^'  fil>ers.  We  may  assume,  with  Gad, 
that  the  normal  rate  of  respirations  is  maintained  by  the  action 
of  the  inhibitors-  fil)ers  alone.  E^ch  inspiration  is  cut  short  by 
the  mechanical  stimulation  of  these  fibers,  but  on  the  collapse  of 

♦For  discussion  and  literature  see  Meltaer,  "Arohiv  f.  Plu'siolope, " 
1892,  p.  .^0:  alto  "New  Yc»rk  Medical  Jouraal,  *'  January  18,  1890.  1^ 
vandow^kv,  ".\rchiv  f.  Pliysiologie,*'  1896,  pp.  195  aiid  483. 
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the  lungs  the  new  inspiration  ia  due  to  a  nomml  discharge  from  the 
inspirator)'  center. 

Loewy*  has  fihowni  by  mi  inpenious  experiment  that  the  expansion  of 
the  hmg»  in  the  factor  that  iirtiiiUly  stiniuIateM  the  sensory  fil>er?i  and  quickens 
the  rewniralory  rale,  as  follows:  An  aniinwl  was  niiule  (o  breathe  pnre  oxyyren 
for  ti  while  to  (hspluce  the  iiitro^en  in  the  alveoli.  The  vhcM  on  one  ^i(ie — 
sfty.  the  ripht  side — was  then  opened  with  the  ^e^ult  that  the  tunp  colhipsed, 
*nG,  owinfc  tu  the  rapid  ah^orfHion  of  Uie  oxygen,  wjon  liecaine  practically 
solid.  The  respiration.**  (rabbit)  showp<l  their  normal  rate — <><1.  The  vaguri 
nerve  on  the  left  side  waw  then  rut  and  imnietiiately  the  respirations  took 
on  the  character  asually  shown  when  both  \*ngi  are  .severe*!, — respirHtioj;.s 
—  34.  Next  the  collapsed  right  hnig  was  expandetl  by  artificial  respinition, 
with  the  rewult  that  the  respiratorv*  rate  at  oiue  retume^J  to  nonnaJ. 

Respiratory  Reflexes  from  the  Larynx,  Pharynx,  and  Nose. 
— The  mucous  membrane  of  the  lan-nx  receives  its  sensory  fibers 
from  the  superior  larv-ngeal  ner\'e.  When  this  nerve  is  stimulated 
artificially  the  respirations  are  always  inhibited ;  the  chest  comes  to 
rest  in  the  jKisition  of  pissive  expiration.  The  same  effect  may  be 
obtained  from  the  sensor}'  fibers  of  the  glossopharyngeal  sii|)plying 
the  pharynx,  and  indeed  a  temporary  inlubitiou  of  respirutions 
occurs  through  this  nerve  during  everA'  act  of  swallowing.  The 
sensory  fibers  of  the  nasal  mucous  membrane  {trigeminal)  cause  a 
similar  reflex  inhibition  when  stimulated  by  injurimis  or  so  called 
irreepirabie  gases,  such  as  HCl,  CI,  NHj,  SO,,  etc.  We  may  regard 
this  inhibitor}'  influence  exerted  by  the  aensorv  fibers  distributed 
along  the  air  fWissages  as  a  jjrt)tecti'\'e  reflex  which  guards  the  lungs 
automatically  from  injurious  gases.  This  protective  action  is 
ma<le  more  eNitlent  by  the  fact  that,  together  with  the  cessation  of 
respirations,  the  glottis  is  reflexly  closeil  b\^  contraction  of  the  ad- 
ductor muscles  and,  if  the  stimulation  is  strong,  even  the  bronchial 
musctdature  may  be  contracted,  so  that  in  even'  way  the  passage 
to  the  alveoli  is  made  more  dilhcult.  The  reflex  is,  of  course,  more 
or  less  temporary,  but  it  possesses  the  great  advantage  of  Ijeing 
automatic,  and  may  enable  the  animal  or  itulividual  to  escape 
unharmed  from  a  dangerous  IfK-ality  before  the  increasing  irritabil- 
ity of  the  respirator}'  center  breaks  through  the  iiilijliition.  In 
special  cases  the  inhibition  may  last  for  an  unusually  long  time. 
Thus,  P'redericq  states  that  in  aquatic  binis  water  allowed  to  flow- 
over  the  beak  so  as  to  penetrate  slightly  into  the  nostrils  brings 
about  an  inhibition  of  respirations  for  many  minutes.  There 
would  seem  in  tJiis  case  to  be  a  special  adaptation  of  the  reflex  to 
the  neetis  of  diving.  We  know  also  that  irritating  gases  or  foreign 
bodies  of  any  sort  that  enter  the  larjnx  may  lead  to  a  coughing 
reflex. — that  is.  to  a  scries  of  expirator}^  blasts  which  have  a  pur- 
poseful end  in  the  expulsion  of  the  stimulating  object.     In  this  case 

•  "Archiv  f.  die  gesammte  Physioloflfie, "  42,  273. 
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there  is  not  simply  an  iiihihition  of  the  inspiratory  movements, 
but  a  reflex  excitation  of  a  pecnliar  type  of  expiratory  niovenientsj 

The  Voluntary  Control  of  the  Respiratory  Movements. -^^ 
We  can  control  the  res|Hratory  movements  witliin  wide  limits,  make 
forreil  (IT  feehle  insjiiruHons  or  expirations,  accelemte  the  rhythm, 
or  completely  inhibit  the  respirations  in  any  phase.  If,  however, 
the  *'  f)reath  is  held/' — that  is,  if  the  respiratory  movements  are 
inhibited  and  the  glottis  is  closed,  the  increasing  irrit-ability  of 
tlie  rcspiratnrv'  center  eventnally  breaks  through  the  volnntar>' 
inhibition.  How  far  this  voluntiiry  control  is  based  upon  direct 
connections  between  the  cerebrum  and  the  re,sj)irator>'  center  and 
how  far  it  depends  upon  voluntar>'  paths  to  tlie  separate  spinal 
nuclei   of   the   muscles  involved   cannot   be  discussed   profitably. 

The  Nature  of  the  Respiratory  Center. — The  re8pirat<ir>' 
center  located  in  the  medulla  oblongata  might  with  more  propriety 
be  desii^nated  a.s  the  iiispirator>'  eenter.  Our  normal  respirations 
throughout  life  consist  of  an  active  inspiration  and  a  i^assive 
expiration.  It  ia  the  co-ordinated  acti\nty  of  the  inspiratory 
muscles  that  is  characteristic  of  the  respirator^'  movements.  The 
expiratory'  muscles  come  into  action  only  occasionally  and  under 
special  conditions.  It  is,  in  reality,  incorrect  to  speak  of  the  normal  ^ 
respirations  as  consisting  of  alternate  inspiratory  and  expirator>' 
movements;  as  a  matter  of  fact,  they  consist  of  rhythmical  in- 
spiratory movements  alone.  So  also  when  we  describe  the  respira- 
tor}' center  as  essentially  automatic  we  refer  only  to  the  action  oq 
the  iaspiratory  muscles,  since  a  series  of  active  inspiratory  move- 
ments is  the  essential  feature  of  respiration.  Under  certain  con- 
ditions, however,  we  do  have  rhythmical  expiratory-  movements, 
active  expirations.  Such  movements  may  occur  independently 
of  the  respirations  proper,  as  in  coughing  and  laughing,  or  in  the 
straining  movements  of  defecation,  micturition,  ami  parturition; 
or  they  may  occur  Jis  an  integral  part  of  the  respirations,  as  in  the 
force^l  movements  of  tlyspnea.  Umler  the  conditions  of  (mrtial 
suffocation,  for  instance,  as  the  l>lood  becomes  more  and  more 
venous  the  respirations  increase  in  force  and  active  expirations 
appear.  It  becomes  a  question,  therefore,  as  to  the  e.xistenee  of 
what  might  be  called  an  expiratorv  center,  a  group  of  nerve  cells 
controlling  the  co-ordinated  activity  of  the  expiratory*  musele-s. 
The  mere  fact  that  in  dv-spnea  we  have  a  rhythmical  and  co-ordi- 
nated activity  of  these  muscles  seems  to  unp]y  the  existence  of  such 
a  center,  but  there  is  no  definite  experimental  knowledge  as  to  lis 
location.  .A..ssuming  that  tiiere  is  such  a  center,  it  may  1>€  l)elieved 
that  it  exists  in  the  medulla,  since  after  section  below  the  medulla 
there  is  no  evidence  of  the  occurrence  of  rhythmical  expiraton* 
movements  even  in  extreme  conditions  of  venositv  of  the  blood. 
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The  expiraton'  center  may  or  ma}'  not  be  located  in  the  same 
reg:ion  as  the  inspirafron-  center,  hut  the  following  genenil  char- 
acteristica  may  l>e  assigned  to  it:  In  the  first  plat^e,  it  is  not  auto- 
niutic;  at  least  not  untler  normal  conditions.  In  the  second  place, 
its  activity  must  be  (le(>cndcnt  in  some  way  ujMin  that  of  the  in- 
spiraton'  center.  Even  our  most  violent  respiratorv'  movements 
show  an  orderly  8e<:|uenre  of  iaspiration  and  expiration, — and  we 
may  l>elieve  that  the  action  of  the  expinitor\'  center  is  conditioned 
by  the  previous  discharge  of  the  insj>irator\'  center,  just  as  in  the 
heart  the  beat  of  the  ventricle  tleix^mU  upon  the  previous  systole 
of  the  auricle.  That  an  active  expiration  is  not  caused  reflexly  by 
(he  mechanical  eximnsion  of  the  lungt?  seems  to  l>e  demonstrated 
hy  the  fact  that  the  most  forcible  voluntary'  inspiration  i.s  followed 
by  a  ]iassive,  not  an  active  expiration.  Until  our  knowledge  ia 
extended  by  further  experimental  work  we  may  consider  tlie  cx- 
pirator>'  center  iis  a  group  of  cells  connected  by  definite  jwiths  with 
the  expiratory'  muscles  and  caj>able  of  being  stimulated  in  one  of  at 
least  four  general  ways:  (I)  In  sj^ecial  reftexes,  such  us  coughing. 
(2)  By  voluntary'  control  from  the  cerebrum,  as  in  straining.  (3) 
By  stimulation  through  afferent  fibers  from  the  skin,  especially  the 
pain  fibers.  (4)  By  the  action  of  an  increaseil  venosity  of  the  blood. 
Under  the  latter  two  conditions  it  is  {X)ssil>lc  tliut  the  irritability 
of  the  center  is  so  increased  tliat  it  becomes  respi»nsive  to  the  in- 
fltience  of  the  ijispiratorv'  center.  The  relations  of  the  inspiratory 
and  expiratory-  centers  under  the  various  conditions  of  artificial 
stimulation  are  ver\'  complex,  and  although  it  is  }K)ssible  to  rep- 
resent these  relations  more  or  less  completely  by  a  schema  of  some 
flort  it  does  not  seem  advisable  at  present  to  seriously  consider 
such  hypotheses. 


The  Accessory  Respiratory  Centers  of  the  Midbrain. — Several  obser\'ers 
liAve  called  attention  to  the  exiMtenre  ni  a  possible  accessory  respiratory  t-enter 
in  the  midbniin  at  the  level  of  tlie  jKwterior  coUinuluH.  Martin  and  Ro<:)ker 
found  that  stimulations  in  thi.-*  region  ca(i.se<l  a  marked  int*reai*e  in  the  rate 
of  inspirator^'  n»»venients  and  finally  a  sland-^till  in  inr^mratioii, — that  Lm, 
a  ofimplete  tetjinir  rontrartion  of  the  inspiratory  nnwcJes  lasting  during  the 
Ftimnlation*  I^waiKlowskyt  h*^**  t*hown  that  section  of  the  brain  stem 
at  or  below  the  tnferirir  rdUinili  rau.«*es  an  alteration  Ui  the  respiratory  rlivllim 
flimilar  to  that  following  xertion  of  both  va^.  After  rutting  tlirbugfi  the 
inferior  c^Uiruli  further  sections  more  posteriorly  do  not  a<l<l  to  the  effect. 
H»-  ronffldcrs  that  there  is  an  autoniatic  inhihitory  center  in  the  midbraiu 
vhich  influences  continuitlly  tlie  automatic  activity  of  the  me<lullary  («nter. 

The  Nature  of  the  Automatic  Stimulus  to  the  Respiratory 
Center. — We  have  accepted  the  view  that  the  respiratory  (inspira- 
tor>0  center  is  essentially  automatic,  although  ver>'  sensitive   to 


•Martin  and  Bf>oker,  "Journal  of  I*hyMiology,"  1,  370,  1878. 
f'Archiv  f.  Physiolope. "   181»6,  489. 
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reflex  stimulation.  The  further  question  arises  as  to  the  nature  of 
the  automatio  stimulus.  Inasmuch  a«  the  artixity  of  the  center 
controls  the  gaseous  exchanges  of  the  blood,  it  was  natural  [)erhups 
for  [ihysiulogists  to  look  Ut  the  gases  of  the  blood  for  the  origin  of 
the  internal  stimuhis.  Experiments  sliow  beyond  question  that 
the  eon<lition  of  the  gases  in  the  blood  has  a  direct  and  marked 
influence  upon  the  activity  of  the  center.  If  for  any  reason  the 
biood  supplying  the  center  becomes  more  venous,  the  respirations 
are  increased  in  fon;e  or  rate  or  both,  anil  ifiileed  the  activity  of  the 
center  is  in  a  general  way  increased  in  proportion  to  the  venosity 
of  the  blood.  On  the  other  hand,  if  the  blood  supplying  the  center 
is  nK>re  arterialixed  than  normal,  by  active  ventilation  of  the  lungs, 
the  center  acts  more  feebly  or  may  fail  to  act  altogether,  giving  the 
condition  known  as  apnea.  These  facts  may  be  accepted  as  com- 
pletely demonstrated,  but  they  do  not  go  far  enough.  When  we 
sf>eak  of  the  arterial  bloo<l  being  more  venous  than  normal  we  mean 
that  it  contains  less  oxygen,  and  more  carbon  dioxid  than  normal 
arterial  bl(K>d.  Which  of  these  conditions  serves  to  stimulate  the 
center,  and  which  may  be  regarded  as  the  constant  stimulus  through- 
out life?  The  three  possible  Aiews  have  been  defendetl ;  (1)  That 
the  normal  stimulus  is  a  lack  of  sufficient  oxygen  (Rosenthal), 
When  sufficient  O  is  supplied  the  center  ceases  to  act,  becomes 
apneic.  (2)  That  the  normal  stimulus  is  the  presence  of  an  excess 
of  COj  (Traul^e).  When  this  excretion  is  quickly  removed  the  cen- 
ter ceases  to  act, — becomes  apneic.  (.3)  It  is  possible  that  the  two 
factors  may  co-operate.  The  blood  that  flows  through  the  center 
may  stimulate  the  cells  by  virtue  of  the  fact  that  it  does  not  remove 
the  Ct>^  fast  enough  and  does  not  supply  sufficient  oxygen.  It  is 
difficult,  indeed  impossible,  to  arrive  at  any  certain  conclusion  upon 
this  (x>int.  Much  evidence  has  been  collected  to  show  that  the 
action  of  the  respirator}'  center  is  increased  when  the  tension  of  the 
COj  in  the  bhwd  is  raised  without  alt-ering  that  of  the  oxygen  and 
that  a  similar  result  is  obtained  if  the  tension  of  oxygen  is  greatly 
diminished  without  any  change  in  that  of  the  carlion  dioxid,  so 
that  it  must  ije  admitted  that  a  change  in  either  factor,  if  suffi- 
ciently great,  acts  as  a  stinudus.  Experiments,  however,  have 
indicated  that  the  accumulation  of  the  CX),  is  the  more  efficient 
stimuhis  of  the  two.*  Zuntz  reports  the  following  interesting 
exjjeriments,  in  which  the  extent  of  the  respirator\'  movements  was 
measured  by  the  amount  of  air  breathed  in  a  minute.  In  one  series 
the  amount  of  oxygen  in  the  air  lireathed  was  reduced.  This  change 
did  not  affect  the  quantity  of  carbon  dioxid  in  the  blood.  The 
following  results  were  obtained: 

♦See  Zunlz,  "Archiv  f.  PhvHiolorie."  1897,  379.    See  also  Friedmnder 
and  Horter,  "  Zcil.  f.  physiol.  Chcmie,**  2,  99.  qikI  3,  19. 
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Norm&l  air volume  breathed  per  aunutc  —  7,325  to    9,000  c.c. 

Air  with  10  to  11.5  per 

itml.  oxYgeii "  "  "        "       =8,166  to    9,428    ** 

Air  with  8  to   10    per 

cent,  oxygen *'  "  "        "       =  9,093  to  12.810   " 

A  reduction  of  one-half  of  the  0x3 gen  in  the  air  hreathcti  had  little 
eflFect  upon  the  respirations.  From  our  present  stamlfxjint,  how- 
ever, the  imjx)rtant  thing  is  not  the  amount  of  oxygen  in  the  air, 
hut  the  amount  in  the  blooti.  Paul  Hert\s  experiments*  upon 
hvmg  anijnals  indicate  that  when  the  oxygen  of  the  air  is  reduced 
by  a  half  the  amount  of  oxygen  in  the  blood  is  diminished  by  aljout 
one-thinl.  Assuming  this  to  be  correct,  it  is  evident  that  a  very 
considerable  reduction  may  Ije  made  in  the  oxygen  of  the  blood 
without  noticeably  affecting  the  respirations.  A  similar  conclusion 
may  l>e  drawn  from  Hatdane's  ex{>erimentst  with  carfion  monoxiti. 
He  found  U[)on  breatliing  mixtures  of  this  gas  that  no  distinct  effects 
were  ol>ser\'able  until  the  blood  was  ahwut  one-third  saturated  with 
the  gas  — that  is,  had  lost  one-third  of  its  oxygen.  Zuntz's  ex- 
periments, in  which  the  C(\  in  the  air  breathed  was  increased,  wiiile 
the  oxygen  remained  normal,  gave  quite  different  results,  as  follows : 

Normal  air volume  breathed  per  minute,    7,433  r.c. 

Air  of  20.2  per  cent.  O,  0.95  per 

wnt.  CO, "  '•         "        "         9.060   ■• 

Air  of  18.06  |)er  cent.  O,  2.97  per 

cent,  a),    "  '         11,326    " 

Air  of  18.42  \)er  cent.  O,  11.6  per 

cenUCO, **  "  "         •'        32,404    " 

These  and  similar  results  sliow  that  small  differences  in  the 
amount  of  the  carl>on  dioxid  in  the  bIoo<l  have  a  distinct  effect 
upon  the  activity  of  the  respiratory  center.  Under  norma!  con- 
ditions the  respirator}'  center  receives  blooil  containing  19  to  20 
volumes  per  cent,  of  oxygen,  while  the  venous  hlo<j4i  flowing  away 
from  the  center  still  holds  10  to  12  per  cent.  Considering  the 
small  effect  of  lowering  this  ox>*gen  supply  by  one-thinl,  it  is 
difficult  to  believe  that  normally  the  amount  of  uxygen  is  so 
deficient  for  the  normal  metabolism  as  to  set  up  a  constant 
stimulus.  The  facts  seem  to  favor  rather  the  \new  that  it  is  the 
constant  presence  of  the  CO,  which  tlirectly  or  indirectly  occasions 
the  normal  <lischarges  from  the  respirator^'  center.  It  is,  of  course, 
possible  that  other  constituents  of  the  blood  may  play  an  imjx>rtant 
part  in  providing  accessory  conditions  of  rhythmical  activity,  as 
in  the  case  of  the  heart  l>eat. 

The  Cause  of  the  First  Respiratory  Movement,— The  mam- 
mahan  fetus  under  normal  conditions  makes  no  respiratory  move- 

•Ben,  "La  pre.*wioii   lMin>m<^trique. "    1878.  691. 
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ments  while  in  ulero.  After  birth  and  the  interruption  of  the  pla- 
cental circulation  the  first  breath  is  taken.  The  cause  of  this 
sudden  awakening  to  activity  on  the  part  of  the  respiratorv"  center 
nnist  be  dosely  connected,  if  not  identical  with,  the  cause  of  the 
automatic  activity  of  the  center  thr{»ughaut  hfe.  1\vo  or  perhaf^s 
three  views  have  Ijeen  held  regarding  its  immediate  cause:  (1) 
That  it  is  due  to  the  increased  venosity  of  the  blo^wl  brought  a!x)Ut 
by  the  intemiption  of  the  placental  circulation;  (2)  that  it  is  due  to 
stimulation  of  the  skin  by  hanfiling,  drving,  etc.;  (3)  that  it  is  due 
to  a  comf/mation  of  these  causes.  Preyer  has  shown  that  stimula- 
tion of  the  skin  of  the  fetus  while  in  utcro  and  with  the  placenta! 
circulation  intact  sufficies  to  cause  respirator}'  movements.  Cohn- 
stein  and  Zuntz*  have  shown  tfiat  interruption  of  the  placenlAl 
circulation  wliile  the  fetus  is  kept  batlietl  in  tbeajuniotic  liquid  also 
brings  about  respirations.  Hince  [)oth  of  these  events  occur  nomially 
at  birth,  we  may  believe  that  each  aids  in  causing  the  first  respira- 
tion, and  indeed  it  may  be  necessiirv  at  times  delil)erately  to  in- 
crease the  stimulation  of  the  skin  in  order  to  bring  on  respirat<)r>' 
movejnents.  If  the  two  causes,  stimidation  thn>ugh  the  ner\'e8  and 
stimulation  through  the  f>lood,  normally  co-o})erate,  it  niavj  how- 
ever, be  sai<l  that  tlie  essential  cause,  according  to  the  theor\* 
a<h>pted  in  the  preceding  paragmphs,  lies  in  the  greater  venosity  of 
the  l)!ood  ffjllowing  internjption  of  the  placental  cireulation. 
During  the  intra-uterine  period  it  is  evident  that  the  fetal  blowl  is 
aerated  by  exchange  witfi  the  maternal  bkx>d  sufliciently  well  not 
to  act  as  a  stimuhis  to  tlie  fetnl  respiratory  center.  The  fetus  is, 
physi<»logically  s[>pukiiig,  in  a  con^lilion  of  apnea.  Since  tlie 
maternal  blor>d  acts  upon  the  respiratory  center  of  the  mother, 
while  the  fetal  blood  which  exchanges  gases  with  it  does  not  act  on 
its  own  respiratory  center,  it  follows  that  the  fetal  re-spinit<»rs"  center 
f)03seases  a  lower  degree  of  irritability  than  that  of  the  mother. 

Dyspnea,  Hyperpnea,  Apnea. ^By  the  term  dyspnea  in  it.s 
widest  sense  we  mean  any  noticeable  increase  in  the  force  or  rate  of 
the  respiratory  movements.  As  said  above,  such  a  condition  may 
be  caused  either  by  stimulafion  of  sensor>'  ner\es,  particularly 
the  pain  nerves,  or  by  an  increased  venosity  of  the  blood, — that  is. 
by  an  increase  in  the  COj  or  by  a  marked  decreiwc  in  the  oxygen. 
ChangCiit  of  other  kinds  in  the  composition  of  the  blood,  some  of 
which  are  considereil  in  the  next  chapter,  may  al.so  stimulate  the 
respiratory  center  and  cause  dyspnea.  Tlie  dyspneic  movements 
mituraily  show  many  degrees  of  intensity  corresponding  with  the 
strength  of  the  stimulus,  and  sometimes  the  initial  stages  are  desig- 
nateti  as  hfperpnea.  while  the  term  dyspnea  is  reserved  for  the  more 


*  (  ohiistein  and  Zuittz.  "  Arch.  f.  die  geaaramtc  PliyMol/*  42,  342,  188S. 
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labored  breathing  in  wliich  the  expirations  are  active  and  forced. 
When  dyspnea  is  produced  by  withholding  air  (suffoeation)  the 
respiratory  movements  become  more  &nd  more  violent  until  they 
take  on  a  convulsive  rhararler.  This  stage  is  siirceetled  by  one 
of  apparent  calm,  indicative  ui  exhaitstlon  of  the  centers.  Deep, 
long-drawn  ins].»iratt(>nfl  follow  at  intervals  and  finally  cease.  The 
ariiiiial  lies  (iiiietlw  with  feeble  heiirt  l*eat  unil  dilatetl  pupils,  in 
a  condition  tiesignated    ;is  asphyxia  or  conjjdefe  asphyxia. 

The  tenn  apruu  means  literally  a  condition  of  no  Ijreathing,  and 
since  thivS  condition  may  occur  fn>m  several  causes  some  confusion  in 
nomenclature  has  resulted.  In  medical  literature  the  term  ia  some- 
times employed  as  a  synonym  for  asphyxia  or  suffocation.  In 
physiologicaf  literature  it  is  restricted   to  a  very  interesting  con- 


Tig.  251. — To  •(liow  tbe  recn\Try  fn.»m  apued-  The  animal  (rabbit)  had  iteen  ^-cnli- 
hi(«d  with  a  hcUtiws  an<l  thrown  into  a  cundition  of  ftpnea  nhuwn  at  the  Ijennninff 
nf  !b*  recnrd.  Ihc  reKpimlions  relumMl  firrt  ».•*  ferble  movement.-*  whirh  KraduaUy  in- 
crvAaed  tu  the  Dumiol. — (Daw»(m.) 

dition  which  is  of  great  imi>ortance  with  reference  to  the  theories 
of  respiration.  This  condition  is  one  of  cessation  of  breathing 
movements  due  to  lack  of  stimulation  of  the  respirator>'  center. 
It  is  brought  about  In*  rapiil  and  prolonged  ventilation  of  the 
lungs.  If,  for  instance,  in  a  rabbit  or  other  animal,  a  tracheal 
cannula  is  inserted  and  connected  with  a  l)ollows  or  respiration 
apfkaratus.  the  limgs  may  be  inflated  artificially  at  a  rapid  rate 
for  any  given  |>eriod  of  time.  If  such  an  experiment  is  jx'r- 
fomied  it  will  Ix?  found  that  when  the  blasts  are  stopped  the 
animal  makes  no  breathing  movements  at  alb  sometimes  for  a 
consi<lemble  intor\'al.  When  the  respirations  start  again  they  l>egin 
with  feeble  movements,  which  gradually  increase  to  the  normal 
amplitude  (Fig.  251).     One  may  produce  a  similar  condition  upon 
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himself,  approximately  at  least,  by  a  series  of  rapid,  forced  inspira- 
tions. Tlie  (juestion  of  importan(*e  is:  Why  does  the  respiratory 
center  cease  to  act?  Rosenthal  explained  the  phenomenon  in  terms 
of  his  theory  that  the  normal  stimulus  to  the  center  results  from  a 
lack  of  oxygen.  AVith  vigorous  artificial  respiration  he  imagined 
that  the  blood  takes  up  more  oxygen  and  thus  fails  to  act  upon 
the  center.  The  ajmea  is  ihie  to  overoxygenation  of  the  blood. 
and  indeed  this  is  the  definition  he  gave  to  the  word,*  The , 
numerrjus  re^searches  made  upon  this  condition  seem  to  sho« 
ver\'  clearly  that  in  the  method  used  to  produce  it  two  factors' 
co-ojjenite,  antl  that  it  is  iiecessar>',  in  reality,  to  distinguish  two 
different  kinds  of  aj>nea,  the  apna^a  vera  or  chemical  apnea,  and  the 
apna?a  vagi  or  inhihitor>'  apnea.  When  the  lungs  are  vigorously 
inflated  by  artifirial  blasts  the  alveoli  are  better  ventilated,  and 
consequcntl>'  the  blood  takes  up  somewhat  more  of  oxygen  and  gives 
off  more  carbon  dioxid.  It  readies  tlie  center  in  what  may  l»e 
called  a  more  art^rialized  or  less  venous  condition.  At  the  same 
time  the  re|>eaterl  expansions  of  the  lungg  cause  rej>eated  stimula- 
tions of  the  inhibitors  fibers  in  the  \'agus,  and  this  tends  to  bring  the 
center  to  rest  by  inliihition.  Either  of  these  factors  alone  may 
cause  a  condition  of  apnea  and  in  the  method  by  which  the  phenom- 
enon is  usually  pntduced  the  two  co-oi^erate,  as  may  be  inferred 
from  the  following  facts:  If  the  vagi  arc  cut  it  is  much  more  difficult 
to  produce  apnea  by  artificial  respirations.  If  in  an  animal  with 
vagi  intact  the  artificial  respirations  are  made  with  hydrogen  in- 
stead of  air  an  apneic  pause  may  be  obtained,  but  this  is  no  longer 
possible  if  the  vagi  are  cut.f  These  two  facta  indicate  the  impor- 
tance of  the  inhibitory  factor.  That  chemical  apnea  in  Rosen- 
thal's sense  may  exist  is  shown  by  the  fact  that  after  section  of 
both  vagi  apnea  may  still  be  produced  by  artificial  respiration, 
and  indeed  sevenil  obsen'ersj  find  that  after  section  of  both  vagi 
and  of  the  medulla  above  the  center  the  animal  may  still  \ie 
made  apneic.  In  such  cases  it  is  difTicult  to  see  any  other  cause  for 
the  apnea  than  a  change  in  the  gases  of  the  blood.  Rosenthal 
assumed  that  this  latter  condition  is  due  to  an  oven>xygenation  of 
the  blood,  but  since  the  vigorous  respirations  lower  the  contents  of 
the  blood  in  COj  it  is  posvsible,  as  insisted  nix>n  by  Traube,  that  tliis 
factor  may  be  the  more  important.  At  present  there  are  no  facts 
which  will  enable  us  t-o  dcci<lc  definitively  l)etween  these  \'iew3; 
but,  since,  in  the  precetling  paragraphs,  some  evi,dence  has  been 
given  to  show  thai  the  normal  stimulus  to  the  center  is  due  to  the 

♦See  H(K«eiiUml,  lii  vol.  iv,  p.  264,  of  Hemmiin's*  "  Handbuch  der  Phyisi- 
ologie. " 

t  See  Head,  "Journal  of  PhygioIo(o%"  10,  I.  and  279,  IS89. 

j  Lopwv,  *■  Arohiv  f.  die  fpesatnmte  Physiologie.'*  42,  245,  1888;  and 
Langendorir,  "Aa-hiv  f,   PhysloloRie, "   1888,  p.  286. 
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presence  of  COj^  it  follows  logically  that  the  more  complete  removal 
of  this  gas  by  ventilation  of  the  lungs  should  ftc  ronsidered  as  the 
chief  cause  of  true  apnea.  Kxi>erinientally  this  view  is  well 
borne  out  by  an  old  ohsen'ation  of  Bems,  according  to  which  a 
condition  of  apnea  in  a  rabbit  may  lie  cut  short  instantly  at  any 
moment  by  a  blast  oi'  CO,  sent  into  the  lungs,  a  blawt  of  air  having 
no  such  affect.  This  oI>8cn'alJon  is  furtfier  supported  by  recent 
experiments  by  Mosso*  upon  men,  in  which  he  shows  that  apnea 
can  not  be  produce<l  by  inflation  with  carbon  dioxid.  'i'liis  author 
designates  the  condition  of  diminished  Ci\  in  the  blood  a.s  acapnia. 
According  to  this  terminology,  true  apnea  is  due  to  a  condition  of 
acapnia. 

In  the  intact  animal,  therefore,  we  nmy  say  that  apnea  is 
due  to  two  causes:  first,  the  removal  of  CO,  from  the  blood  by 
better  ventilation,  whereby  the  center  is  stnnulated  less  strongly 
or  not  at  all;  and,  sectjULl,  (he  rhytlunical  inliilution  of  the  center 
lluxtugh  the  vagus  fillers  ending  in  the  lungs.  I'he  two  causes  work 
together,  and,  as  it  were,  aid  each  other,  for,  the  less  the  irrit^ihility 
of  the  center,  the  more  easily  it  is  inhihitetl,  and,  the  more  it  is 
inhibitetl,  the  less  the  internal  stimulus  affects  it. 

Innervation  of  the  Bronchial  Musculature.— Ntmierous 
investigators,  using  different  methods,  luive  demonstrated  that  the 
bronchial  musculature  is  supplied  through  the  vagus  with  motor 
and  inliibiton'  filx^rs.  hnjuclioconstrictor  ami  l>ronchodilator  fil-M?rs, 
as  they  are  usually  callctl.t  Stimulation  of  the  constrictors  causes 
a  narrowing  of  the  bronchi,  and  therefore  increases  the  resistance  to 
the  inflow  and  outflow  of  air.  8ome  obsenTrs  state  that  these  fibere 
are  nonnally  in  a  condition  of  tonic  activity  (Roy  and  lirown), 
but  others  find  little  evitlence  fnr  this  l>elief.  An  artificial  tonus — 
that  is,  a  condition  of  maintained  activity  of  the  constrictor  filx>r8 — 
maj'  l>e  set  up  by  the  action  of  a  numiier  of  drugs,  such  as  muscarin, 
pilocarpin,  and  physostigmin,  which  in  this  case,  as  in  so  many 
other  instjinces  of  autonomic  fibers,  are  supposed  to  stimulate  the 
endings  of  the  fibers  in  the  lungs.  Their  effect  is  removed  by  the 
action  of  atropin.  These  fillers  are  stimulated  also  d)iring  the  ex- 
citatory stages  of  asphyxia.  Reflex  stimulation  of  the  constrictors 
is  obtained  most  readily  (Dixon  and  Hro(he)  by  irritation  of  the 
nasal  mucous  membrane,  and  it  seems  probable  that  in  bronchial 
or  spasmotlic   asthma   these   fibers   are  also   stinuilated   re^llexly. 

The  normal  conditions  under  which  the  constrictors  and  dilators 
are  brought  into  play  can  scarcely  be  stilted.  Irritating  vapors  or 
even  CX),  lead  to  a  bronchocfuistriction  and  this  reflex,  as  stated  on 

*  Mo!!i90,  **  Archives  italipnne<t  de  hiologie,"  40,  1,  1903. 
t  For  a  recent  \mjyer  with  refcrenre^  to  literature  see  Dixon  and  Brodiei 
••Joumul  of  Physiology,"  21»,  97.  I9a3. 
40 
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p.  617,  may  be  regarded  as  protective.  When  a  constrictioii  of  the 
bronchial  musculature  exists  it  may  be  abolished  by  the  paralyzing 
action  of  atropin,  or  temporarily  by  injections  of  extracts  of 
lobelia  or  by  the  anesthetic  effect  of  inhalations  of  chloroform  or 
ether.    Nicotin  also  causes  a  dilatation. 


CHAPTER  XXXVIII. 

THE  INFLUENCE  OF  VARIOUS  CONDITIONS  UPON 
THE  RESPIRATIONS. 


The  Effect  of  Muscular  Work  upon  the  Respiratory  Move- 
ments.— It  is  a  matter  of  roinnmn  c.\|X)rionc'c  that  imiscular  ex- 
ercise increases  the  rate  and  amplitude  of  the  reijipirator}-  move- 
ments. Roughly  si>eaking,  the  increase  is  pmiwirtional  to  the 
amount  of  muscular  work,  and  the  rehiti<inshi[)  is  evidently  a  bene- 
ficial adaptation.  'J'he  ^1^***^^  the  amount  of  work  ihme,  the 
larger  will  be  the  amount  of  COj  pmduced  and  the  greater  will  be 
the  need  of  oxygen.  The  adaptation  was  formerly  explained  in 
what  seemed  to  be  an  entirely  satisfactfiry  way  by  assuming  that 
the  increased  consumption  of  <)  anrl  the  greater  production  of  CO, 
in  the  muscles  residted  in  rendering  the  blood  more  venous,  and 
consequently  the  respirators'  center  was  stimulated  more  strongly, 
and  indeed  proportionally  to  the  muscular  effort.  Ceppert  and 
Zunlz,*  however,  have  shown  by  gas  analyses  that  whatever  may 
i>e  the  condition  of  the  venous  blood  iluring  muscular  exercise 
the  arterial  bIo<jd  sent  out  from  the  left  heart  shows  no  constant 
change  in  the  quantity  or  tension  of  the  contained  gases,  l^hey 
proved,  also,  that  the  effect  on  the  center  Is  n<tt  simply  a  reflex 
from  the  nerves  in  the  muscles,  since  when  the  hind  limbs  were  made 
to  contract  by  stimulation  the  respirator}'  center  was  affected  in 
the  usual  way  although  all  the  nerve  connections  were  destroyed. 
They  conclude,  therefore,  that  the  respirator}'  effect  of  muscular 
work  must  be  due  to  certain  substances  produce<l  in  the  muscle  and 
given  off  to  the  blood.  Other  experiments  (Lehinaun)  make  it 
proljabic  that  these  substances  are  the  acid  products,  lactic  acid  and 
acid  phosphates^  known  to  l)e  formed  in  muscle  during  contraction, 
liilute  acids  injected  directly  into  the  veins  pn>ducc  a  similar 
residt.  llie  adaptation  is  a  most  interesting  one.  since  the  pnKlucts 
that  decrease  the  irritabihty  of  the  muscle  itself  seem  to  cause  an 
increase  in  excitability  of  the  group  of  ner\'e  cells  constituting  the 
respirator}'  center. 

The  Efifect  of  Variations  in  the  Composition  of  the  Air 
Breathed.— Variations  in  the  amount  of  nitrogen  in  the  inspired 

*  (ieppert  and  Zunts,  "Archiv  f.  die  geMOiunte  Phynologie, "  42.  ISO, 
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air  have  no  distinct  physiological  effect.    The  important  element 
to  consitler  are  the  oxygen  and  the  carbon  dioxid. 

Increased  Percentages  of  Oxygen.—The  normal  pressure  of  oxygeaj 
in  the  air  is  20  jjer  cent,  or  152  nuns.     We  may  increase  this  pres-| 
sure  either  l>y  changing  the  volume  per  cent,  of  the  gas  or  In'  nisingl 
the  baranielrir  pressure  by  compression.     Hie  somewhat  naturall 
supposition  tliat  breathing  pure  oxygen — that  iis,  oxygen  at  a  pr 
sure  of  76()  mm. — should  have  a  benefi«ial  effect  on  the  oxidational 
of  the  bod}'  has  found  no  support  in  physiological  experiments^ 
Atmospheric  air  supj>lies  us  with  an  excess  of  rrxygen  over  the  nee4l8| 
of  the  body;  a  still  further  increase  of  this  excess  has  no  jxisitive 
advantage.     Paul  Jiert,  in  his  interesting  work  on  barometric  pre^s- 
sures,*  has  called  attention  to  the  fact  that  at  a  certain   pressure 
oxygen  is  mit  only  not  beneficial^  but,  on  (lie  eontrar>',  is  nmrkedJyf 
toxic.     From  exijerinients  niiide  iijxin  a  great  variet}'  of  animalal 
and  plants  he  conrhided  that  al!  living  things  are  killed  when  thej 
oxygen   pressure  is  sufficiently  high.^^ay,  300  to  400  per  cent. 
Warm-blooded  animals  die  with  convulsions  when  submitted  19% 
3  atmospheres  r^f  pure  oxygen  or  15  utrnos]>heres  of  air.     At  the 
high  pressures  the  blood  rotitaias  nbout  ;■{()  volumes  of  oxygen  to 
each  100  c.c.  of  blood  instead  of  the  usual  20   volumes.     The   a<W 
ditional  10  volumes  are  contained  in  solution.      Fish  also  are  killed 
when  the  oxygen  pressure  is  increased  to  such  a  jxtint  that  the  water 
contains  10  volumes  of  disaolveil  oxygen  to  each  100  c.c.     In  more 
recent  experunents  by  Smith. f  made  u[x>n  mice,  it  was  found  that 
oxygen  at  pressures  of  100  j>er  cent,  to  l.'^O  per  cent,  proves  fatal 
in  a  few  days,  the  animals  shov\ing  infiammator>*  changes  in  the 
lungs.     Oxygen  at  180  per  cent,  kills  mice  and  binis  within  twenty-  ] 
four  hours.     Pressures  of  two  atmospheres  of  air  (4*1  fjer  cent.  O) 
have  no  injurious  effect.     No  adequate  chemical  explanation  can 
be  offered  at  present  for  this  toxic  action  of  o.xygen  at  high  tensions. 
The  matter  is  one  of  pmctical  impr)rtance  in  connection  with  caisson 
and  submarine  work  and  the  themfwutical  use  of  oxygen. 

Dccrrnsai  FercerUtigcs  oj  Ori/yt'fi. — Numerous  obsen'ers  (liert, 
Zuntz,  ei  ai.)  have  shown  that  a  fall  in  oxj'gen  pressure  has  no 
perceptibly  injurious  result  until  it  reaches  about  10  per  cent.  At 
or  somewhxit  bekiw  this  pressure  tlie  hemoglobin  is  unable  to  take 
up  its  full  amount  of  oxygen,  ami  the  body  consequently  suffers 
from  a  real  deficiency  in  its  oxygen  supply,  a  condition  designate 
as  anoxemia.  According  to  liert's  experimental  results,  death  with 
convulsions  (juickly  follows  a  fall  of  atmospheric  pressure  to  250 
mms.  (oxygen  preasure,  50  mms.  or  6  to  7  per  cent.).  Animals 
supplied  with  an  atmosphere  containing  a  deficient  amount  of 

Ti'A,  Paris,  1878. 
1899. 
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ox>gen  show  dyspneic  respirations,  which  increase  in  violence  and 
finally  l>econie  convulsive.  The  i>niitmry  symptoms  described  for 
death  from  asphyxia  are  due,  therefore,  to  the  anoxemia, — that  is, 
lack  of  oxygen, — not  to  the  atTumulation  of  G(>,. 

increased  Percentages  oj  Carbon  Dioxid. — It  was  pointed  out 
clearly  by  the  researches  of  FrietJIander  and  Herter*  that  death 
from  increased  |>ercentages  of  CO,  is  acpompanied  by  symptoms 
quite  diflferent  from  those  due  to  lack  of  oxygen.  As  the  CO,  is 
increased  a  notieealJe  hyporpnea  may  l>c  observed  (Zuntz)  at  a 
concentration  of  about  3  per  cent.  When  the  concentration  of  COj 
reaches  8  per  cent,  to  10  or  15  per  cent,  there  is  distinct  dyspnea; 
but  Ijeyond  this  point  further  concentration,  instead  of  augmenting 
the  respirations.  dccreast*s  them,  und  the  animal  dies,  at  concen- 
trations of  411  to  o(>  per  cent.,  without  convidsions,  but  Tvith  the 
appearance,  nit  her.  of  a  fatal  narfosis. 

High  and  Low  Barometric  Pressures,  Mountain  Sickness^ 
Caisson  Disease,  etc. — High  barometric  pressures  are  used  in 
submarine  work,  di\ing,  caisson  work,  etc.  As  stated  above,  it 
follows  from  the  work  of  Bert  and  i^mith  that  when  the  pressure 
reaches  5  to  6  atmospheres  long  oontinuance  in  it  may  l>e  followed 
by  injurious  or  fatal  rosult.s  due  to  the  toxic  action  of  the  oxygen. 
Jf  the  pressure  is  increjise*!  to  1.')  atmosplieres  (he  toxic  influence 
of  the  oxygen  brings  on  death  with  convulsions.  Practically, 
however,  such  pressures  are  not  encountered  in  submarine  work. 
A  caisson  is  a  wooden  or  steel  chamber  arranged  so  that  it  may 
1)8  sunk  under  water.  The  water  is  driven  out  by  air  un4ler  pres- 
sure. Since  the  pn*ssnre  increases  1  atmosphere  for  each  10 
meters  (33  feet),  it  will  Ih*  seen  that  ven-  high  prejssures  of  air 
are  not  usually  refjuired.  Caisson  workers  are  at  times  attacked 
by  serious  or  even  fatal  s>-mptoms,  not  while  in  the  compressed 
air,  but  during  or  after  the  ^Mecompression "  that  is  nect^ssary-  in 
the  return  to  nonnal  comIiti*ins.  The  symptoms  consist  of  pains 
in  the  muscles  and  joints,  paralysis,  dyspnea,  congestion.  Those 
who  have  investigated  the  sul)jeclt  state  that  the  injurious  results 
are  due  to  a  too  rapifl  decompression.  When  this  occurs  the  gases 
in  the  bloo<l,  jjarticuiarly  the  nitn»gen,  are  suddenly  liberated  as 
bubbles,  which  block  the  caj)illaries  and  thus  pHxiuce  anemia  in 
different  organs.  If  the  decompression  is  effected  gradually  no  evil 
residts  follow. 

The  effect  of  Inw  barometric  pressures  is  chiefly  of  interest  in 
connection  with   resi<lence  in   high  altitudes,  balloon  ascensions, 

♦  Kricilliiniier  aiitl  Herter,  '*  Zeitftclirift  f.  phvsiol.  Cheniic."  2.90,  I«78, 
anil  3.  19.  IS"!). 

t  Soe  I)crt,  /w.  di,,  p.  tVi9;  also  Hill  and  Marl^ecxl,  "Journal  of  Phyn^ 
oh^y,"  2U,  aK2,  and  "Journal  of  Hygiene/'  a.  4fl7. 
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etc.  At  certain  altitudes,  from  :]{}O0  to  4(XK)  meterSf  disagreeahle 
symptoms  are  ex|x>rieace(l  l>y  many  i^ersons,  especially  after 
muscular  effort,  which  are  designated  usually  under  the  term 
mountain  sickness.  The  individual  so  affected  suffers  from  head- 
ache, nausea^  vertigo,  great  weakness,  etc.  Much  investigation, 
especially  of  recent  years,  has  l)een  devoted  t-o  this  subject.*  Paul 
Bert  concluded,  from  his  numerous  ex|>eriments,  tliat  a  fall  in  baro-  , 
metric  pressure  acts  ujxjn  the  organism  only  in  so  far  as  there  is  a 
diminution  of  the  partial  pressure  of  the  oxygen  In  the  air  respired. 
This  view  has  been  generally  accepte<l  in  j)hysiology,  and  mountain 
siokneaa  and  similar  ilisturbances  in  balloon  ascents  have  been 
explained,  therefore,  as  due  mainly  to  the  lack  of  oxygen. — tJiat  is, 
to  the  ronditi^m  of  anoxemia.  Mosso,  on  the  r-ontrar}',  has  insisted 
upon  the  part  played  by  the  carbon  dioxid.  He  gives  experi- 
ments to  show  that  there  is  a  diminution  in  the  carbon  dioxid 
contents  of  the  blood  (a  condition  of  acapnia),  and  it  is  to  tliis, 
rather  than  to  the  anoxemia,  that  he  would  attribute  the  phvsio- 
logicat  results  of  low  barometric  pressures.  Other  authors  lay 
stress  ujxin  the  n\echanical  disturbances  of  the  lung  circulation, 
while  still  others  assume  that  cert-atn  ^'aguely  understoo<l  cosmical 
influences — such  as  the  electrical  comlition  of  the  air,  its  ioniza- 
tion, or  radiations  of  some  kimi — may  affect  the  metabolisms  of 
the  body  and  thus  produce  the  symptoms  in  fiuestion.  It  would 
seem  that  the  whole  matter  is  more  complex  than  was  at  first 
supposed.  At  a  height  of  4(HM)  meters,  at  which  mountain  sick- 
ness is  apt  to  occur,  the  barometric  pressure  is  460  mms.,  so  that 
there  is  an  oxygen  jiressure  of  92  mms., — a  pressure  liigh  enough, 
one  would  suppose,  not  to  endanger  the  oxygen  supply.  Mosso 
states,  also,  from  exfK'riments  upon  monkeys,  that  lowering  the 
barometric  pressure  sufficiently  (to  about  2.54)  mms.)  causes  un- 
consciousness (sleep)  even  when  the  partial  jjressure  of  the  ox>'gen 
is  kept  normal.  The  historical  incident  of  the  death  of  Sivel  and 
Croc^-Spinelh  at  an  altituile  of  HWH)  meters  (barometric  prcKsure, 
262  mms.;  ox,vgen  pressure,  52.4  imns.)  seems  to  indicate  also  that 
something  more  than  mere  diminution  in  oxygen  pressure  is  respon- 
sible for  the  effects  of  extremely  high  altitudes. 

The  incidents  coimected  with  the  ascent  in  the  balloon  Zenith  of  Six-el, 
Croo^-Spinelli,  und  Tis-sandier,  April  1.5.  1875,  ure  descrihed  in  detail  bv  the 
last  named  in  "La  Nature,'*  187.5.  p.  .'^7.  also  in  Bert'-s  "La  prewion  baro- 
metrique,"  p.  lOfil.  Only  TiAsandier  .sun'i\*ed.  The  i>aJlooniHt'*  were  prr>- 
videtl  with  baga  nontaininfj  oxy^n  (72  |»er  cent.),  but  they  were  unable  to 
make  satisfai^tory  iise  of  it,  since  shortly  after  paHsinK  7.500  meters  they  be- 
came so  weak  that  the  effort  to  raise  the  arm  to  seize  the  oxygen  tul»e   wa.-* 

♦See  Kroneoker.  "Die  Itenrkmnkheit/' Berlin.  1903.  Mosro  and  Marro, 
"Archivefl  italiennes  de  biolopie,"  .39.  387,  also  vols.  40  aiid  41.  Cohnheini, 
article  on  "  Alpinismus, "  "  Ergebnisse  der  Physiolope, "  vol.  ii,  part  i,  IWL 
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tnjpo«idble.  Ti-ssaiKUeFs  graphic  description  relates  lliat  at  8000  meters 
it  waif  iini>osE)iLile  for  liiin  to  i^i>Guk,  uiul  that  nhortly  aftemuril  (n-  brrariic 
enlirely  unroxiwdou;'.  None  of  the  three  seeuw  to  have  shouii  miy  sipis  of 
tiie  xHoienl  dvHpnea  that  prt'oedes  asplij-xia  caused  by  luck  of  oxyRfn.  It 
is  uoteworthy,  however,  that  the  heart  beata  were  very  rapid,  tuid  lliat  they 
experieijceij  ut  first  great  depression  of  niitscular  strength  without  loss  of 
conaciousnesB.  Tlie  oni«t  of  complete  imronaeiousnejiii  was  siiddeji,  but  was 
pmceded  by  feelings  of  sleepmetvs,  which  ^  however,  were  not  associated 
wHh  aiiy  distrese.  The**  latter  facts  recall  tlie  corulitioiiN  of  "shock,"  aiid 
«ould  ^ugge^t  that  probably  the  rapid  heart  lieat  w&<b  an  indication  of  a  fcreat 
(ail  in  blood-pres**ure,  whicf)  may  have  l>een  directly  ^e^^x)n^ible  for  the  mus- 
cular weakue»s  aiid  tiual  uiicoiisciousiietw  aiui  death. 


The  Respiratory  Quotient  and  its  Variations. — In  studying 
the  gaseous  exciianges  of  rcspirution  one  nmy  tietemiine  the  varia- 
tions in  the  oxyKt*ii  a]»s(>rl>cd  uiuler  difFcnnit  iMinditioaH  or  in  the 
carbon  dioxid  eliminated,  or  fiimlly  in  the  ratio  of  one  to  the  other, 
^,  which  Is  known  as  the  respiraton-  quotient.  In  short-lasting 
experiments  the  respiraton'  C|Uotieiit  is  not  a  ver>'  reliable  indicator 
of  the  extent  or  clmracter  of  the  physiolo^cal  oxidations  in  the  body, 
since  any  alteration  in  the  depth  or  rapidity  of  the  re-epiratorj- 
movements  may,  by  changing  the  ventilation  of  the  alveoli,  make 
a  difference  in  the  output  of  COj,— a  difference,  however,  which 
would  have  no  significance  in  regard  to  the  nutritive  changes  of  the 
body.  In  longer  experiments  and  in  those  during  which  the  rcspira- 
toi^'  movements  are  not  altered  the  determination  of  this  ratio 
throws  light  upon  the  chara*^ter  of  the  oxidations  that  are  taking 
place,  as  will  be  apparent  from  the  following  considerations:  I'nder 
ordinary'  conditions  of  rest  and  upon  a  mixed  diet  the  R.  Q.  varies 
between  0.65  and  0.95  (Loew>0  or  between  0.75  and  0.89(MaKnu8 
Le^'^')•  ^U  however,  the  material  oxidized  in  the  body  is  entirely 
carbohydrate  the  R.C^.  should  l^e  ec|ual  to  unity:  ^'  =  1.  All  the 
oxygen  used  in  the  combustion  might  be  considered  as  uniting  with 
the  C  to  form  CO,,  since  enough  O  is  present  in  the  sugar  to  account 
for  that  used  in  oxidising  the  H  to  H,0.  Or,  as  expressed  in  a 
reaction, 


DvxtroM. 
C.H„(\  -♦-  (K),  =  600,  +  6H,0. 


R.  Q.  =  I  =  1. 


The  number  of  molecules  of  CO,  formed  in  the  oxidation  is  equal 
to  the  number  of  molecules  of  Oj  used.  If  fats  alone  are  oxidized 
in  the  IkxIv  the  R.  Q.  should  l:>e  low  (0.7).  since  these  substances 
are  poor  in  oxygen  compared  with  the  amount  of  C  and  H  present 
in  the  molecule.  The  combustion  of  palmitin  may  l)e  represented 
aa  follows: 

Palmitin,  C,H,(C,eH„0,^,  =  C,|H-0,. 

2(C„U«OJ  +  1450,  =  102CO,  +  98H,0. 

R.  Q.  =  fH  =  0.7, 
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In  the  same  wa\'  it  may  be  estimated  that  the  R.  Q.  for  the  oxidation 
of  prot^ids  alnne  is  e<|ual  to  ().7S. 

In  acconlanee  with  these  conclusions  it  b  found  praclieallyl 
that  the  revspiratory  rjuotient  may  l>e  raised  to  1 ,  approximately  ail 
least,  by  feeding  exclusively  upon  earl>ohydrate  foods,  while  aai 
excess  of  proteid  or  carljohydrate  food  lowers  it  to  (».7.     In  con- 
nection with  other   dat^,   therefore,  the  R.  Q.  may  be  used  t<] 
throw  light  u|x»ii  the  character  of  the  nutrition.     Under  rertaic 
sjjecial  conditions  the  respirator)-  quotient  may  exceed  unity  or 
fall  distinctly  below  0,7.     A  rise  to  a  value  over  unity  may  occv 
temporarily  because  of  increased  ventilation  of  the  alveoli.     Deep 
and  more  rapiil  t>reathing  will  drive  out  s^jme  of  the  C(.K  in  the  airl 
of  the  lunjrs  and  thus  increase  greatly  the  R.  Q.     As  previously/ 
statedf  this  increase  has  in  itself  no  nutritional  signiiicaace,  but  it  m 


Rg.  25:;.— Iti'r«»nl  -liiiniiifr  typiral  Clipynp-Sfokctf*  re«piniriun  (fr-iui    i   i 
initnt]  iiii-ulficiency  with  art«ht«cler(>Hi.^).       The  time  rtscord  >:i\< 


i  aortic  uid 


a  factor  that  must  be  allowed  for  in  such  experiments.  A  more 
suggestive  increase  of  the  R.  il.  is  observed  (.hiring  convalescence, 
Jn  this  period,  as  is  well  known,  an  inrlividunl  may  increatte  in 
weight  rapidly,  chiefly  from  the  laying  on  of  fat.  This  fat  is  made^ 
in  large  part  probably  from  the  carl^ohydrate  of  the  food.  An 
oxygen-rich  food,  therefore,  is  converted  to  an  oxygen  i>oor  one. 
so  that  some  of  the  oxj'gen  must  be  split  oflf  i>artly  as  c-arbon 
dioxid,  and  there  is  a  larger  output  of  this  substance  in  the  expired 
air.  Tnder  many  conditioas  of  life — ntuscular  exen^ise,  for  example 
— in  which  the  oxidatioas  of  the  body  are  greatly  increased,  the 
larger  production  of  COj  is  balanced  by  a  larger  absorption  of  (). 
It  is  interesting;  to  find  that  usually  this  balance  is  so  well  maintained 
that  the  R.  Q.  does  not  vary  sensibly. 

Modified     Respiratory     Movements. — Laughing,     coughing, 
yawTiing.  sneezing,  sobbing,  and  even  vomiting  may  be  considered 
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as  modified  respiratory  movexnent^,  since  the  same  group  of  muscles 
come  into  play.  These  are  all  movements,  with  the  exfeption  of 
yawning,  which  may  l>e  regarded  as  reHexes  that  have  nothing  to 
do  directly  with  the  processes  of  respiration.  A  most  interesting 
variation  of  the  normal  tyjx;  of  respiration  is  known  as  the  Cheyne- 
Htokes  respiration.  It  occurs  in  certain  i^thological  conditions, 
Bwch  as  arteriosclerosis,  uremic  states,  fatty  degeneratirm  of  the 
heart,  etc.  It  is  characterized  by  the  fact  that  the  resjiiratory 
movements  occur  in  groups  (10  to  30)  separated  by  apneir  pauses, 
which  may  last  for  a  nund)er  (30  to  40)  of  seconds.  After  each  pause 
the  respirations  b>egin  with  a  sariall  niovenient,  graiiually  int-rcase 
to  a  maximum,  and  then  fail  off  gradualh-  to  the  [xiiiit  of  comjilete 
eccnation  (see  Fig.  252).  The  cause  of  this  rhytlmi  lias  not  been 
disrovereil.  It  is  not  certain  whether  the  apnea  between  the 
groups  of  respiration  is  a  tnie  apneA  or  an  inhibitory-  apnea  or  an 
apnea  of  some  other  kind  resulting  fnjin  sfmie  tlifi'erent  kind  of 
action  upon  the  respirator)'  center.  A  sijuilar  rhythm  is  often 
ol)eer\'ed  in  the  l)eats  of  an  isolated  heart  of  tlie  cold-blooded 
animals  under  conditions  which  imply  an  insufficient  supply  of 
oxygen.  More  or  less  rhythmical  vacations  in  the  strength  of  the 
breatliing  movenjents  have  been  dcscribctl  also  in  normal  !<leep, 
hil>emationf  chloral  narcosis,  etc.,  Ijut  nothing  so  definite  and 
characteristic  as  in  these  very  interesting  Cheyne-^tokes  cases. 


SECTION  VIL 
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MOVEHENTS  OF  THE  ALIMENTARY  CANAL 

Mastication. — Mastication  is  an  entirely  voluntary'  act.  The 
articulation  of  the  mandibles  uith  the  skull  permits  a  variety  of 
movements;  the  jaw  may  be  raised  and  lowered,  niay  be  projecte<.i 
and  retracted,  or  may  be  moved  from  side  to  side,  or  various  com- 
binations of  these  different  directions  of  movement  may  be  eiTected. 
The  muscles  concerned  in  these  movements  and  their  innerA'ation 
are  described  as  follows:  The  masseter,  temixiral,  and  internal 
pterygoids  raise  the  jaw;  these  muscles  are  innen^ated  through  the 
inferior  maxillaiy  di\asion  of  the  trigeminal.  The  jaw  is  depressed 
mainly  by  the  action  of  the  digastric  muscle,  assisted  in  some  cases 
by  the  mylohyoid  and  the  gciiiolnoid.  The  two  former  recdN'e 
motor  fibers  from  the  inferior  nmxillan^  division  of  the  fifth  cranial, 
the  last  from  a  branch  of  the  hypogloasal.  The  lateral  movements 
of  the  jaws  are  produced  by  the  external  pterv'goids,  when  acting 
eeparately.  Simultaneous  contractiim  of  these  muscles  on  l>oth 
sides  causes  projection  of  the  lower  jaw.  In  this  latter  case  forcible 
retraction  of  the  jaw  is  produced  by  the  contraction  of  a  part  of  the 
temporal  muscle.  The  external  pt^ri'goids  also  receive  their  motor 
fibers  from  the  fifth  crania!  ner\'e,  through  its  inferior  maxillary- 
division.  The  grinding  movements  commonly  used  in  masticating 
the  food  between  the  molar  teeth  are  produced  by  a  combination  of 
the  action  of  the  external  pter\'ogids,  the  elevators,  and  perhaps 
the  depressors.  At  the  same  time  the  movements  of  the  tongue 
and  of  the  muscles  of  the  cheeks  and  lips  8er\'e  to  keep  the  food 
prof^rly  placed  for  the  action  of  the  teeth,  and  to  gather  it  into 
position  for  the  act  of  swallowing. 

Deglutition. — The  act  of  s\\'allowing  is  a  complicated  reflex 
movement  which  may  be  inittate<l  voluntarily,  but  is,  for  the  most  J 
part,   completed  quite  independently  of  the  will.     The  classica 
description  of  the  act  given  bv  Magenriie  di\ides  it  into  three  st^ 
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Gorreeponding  to  the  three  anatomical  regions — mouth,  phar>'nx, 
and  esophagus — through  whidi  the  s\vallowe<l  morsel  {)asse»  on  its 
way  to  the  stomach.  The  lirst  stage  consists  in  the  passage  of  the 
bolus  of  food  through  the  isthmus  of  the  fauces, — that  is,  the 
opening  I>*ing  !>etween  the  ridges  forn^ed  by  the  palatoglossi  muscles, 
the  so-called  anterior  pillars  r>f  the  fauces.     This  jmrt  of  the  act  is 

Ptijtually  ascriheil  to  the  movementif  of  tJie  tongue  itself.  The  holus 
of  food  lying  upon  its  upj)er  surface  is  forced  backwarci  by  the  ele- 
vation of  the  tongue  against  the  soft  palate  from  the  tip  towani 
the  base.  This  portion  of  the  movement  may  l^e  regarded  as  vol- 
untary, to  the  extern  at  least  of  maniptilating  the  fmid  into  its  projier 
position  on  the  dorsum  of  the  tongue,  althauph  it  is  open  to  doubt 
whether  the  entire  movement  is  usually  effected  hy  a  vohuitary 
act.     I'nder  normal  conditions  ihc  j>rcsence  of  moist  food  u]>on  the 

r tongue  seems  essential  to  the  complete  execution  of  the  act ;  ami  an 
attempt  to  make  the  movement  with  ver^-  dri-  material  upon  the 
tongue  is  either  not  successful  or  is  perfomietl  with  difficulty.  The 
second  act  comprises  the  |jassage  of  the  bolus  from  the  istlunus  of 
thefaucesto  theesophagus^^that  is. its  tran.sit  throughthc  pharvnx. 

^The  phar>'nx  being  a  common  passage  for  the  air  and  the  food,  it  is 
inii»ortant  that  this  part  of  the  act  should  \)e  consummated  f|uickly. 
Acconiing  to  the  older  description,  the  motor  power  driving  the 
bolus  downward  through  the  phar>'nx  is  derived  from  the  contrac- 
tion of  the  pharyngeal  muscles^  particularly  the  constrictors,  which 
contract  from  above  downward  anfl  drive  the  food  into  the  esopha- 
gus. Kronecker  and  Meltzer,*  however,  have  shown  that  the  con- 
traction of  the  mylohyoid  muscle  in  the  floor  of  the  mouth  is  the 
most  important  factor  in  this  act  of  shooting  the  foo«l  suddenly 
through  the  phar>'nx  intc*  the  esophagus.     The  contraction  of  this 

tXDUflcle  marks  the  Ijeginning  of  the  purely  involuntary  part  of  the 
act  of  swallowing.  The  bolus  of  fof»d  lies  u[>on  the  tlorsum  of  the 
tongue  and  by  the  pressure  of  the  front  of  the  tongue  against  the 
hard  palate  it  is  shut  offfn»iii  the  fnmt  [mrt  of  the  mouth  cavity. 
Wlien  the  mylohyoids  contract  shuri)ly  the  bolus  is  put  under  pres- 
Bureand  is  shot  into  and  through  the  pharsnx.  This  effect  is  aided 
by  the  contraction  of  (he  hyoglossi  muscles,  which  by  moving  the 
tongue  backward  and  downward  tend  to  increase  the  pressure  put 
upon  the  food.  Simultaneously,  a  number  of  other  muscles  are 
brought  into  action,  the  general  effect  of  which  is  to  shut  off  the 
nasal  and  laryngeal  ojienings  and  thus  prevent  the    entrance    of 

*  Kronecker  and  Meltzer,  "  Arrliiv  f.  Phvsio!opie,"  1883,  fiuppl.  \'olume, 
p.  a28;  also  'Moum.il  of  Exneriineutal  Metficine  ''  2,  453.  1S97.  For  later 
work,  consult  ('unnon  mid  Moser.  "  .Anieriran  Jotimal  of  P>iy.«iolo(f>',  "  1. 
43.S,  1898;  Sohreiljer,  '"  Arohiv  f.  oxf>cr.  Pathol,  u.  Pharmakologic,  "  46, 
414,  1901;  and  Eykmaii,  "  Anhiv  f.  die  ge^animte  Phyinoloeie, "  99.  513, 
1903. 
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food  into  the  corresponding  cavities.     The  whole  reflex  is  there- 
fore an  excellent  example  of  a  finely  co-ijrdinated  niovement. 

The  following  events  are  descril>ed :  The  mouth  cavity  is  shut 
off  by  the  p<:)sition  of  the  tongue  against  the  palate  and  hy  the  con- 
traction of  the  muscles  of  the  anterior  pillars  of  the  fauces.  The 
oj)ening  into  the  nasal  cavit}^  is  closed  by  the  elevation  of  the  soft 
palate  (action  of  the  levator  palatl  anfl  tensor  palati  muscles)  and 
the  contraction  of  the  posterior  pillars  of  the  fauces  (palatophan-n- 
geal  muscles)  anrl  the  elevation  of  the  uvula  (azygos  uvuJte  muscle). 
The  soft  palate,  nvnila,  and  posterior  pillars  thus  form  a  sloping 
surface  shutting  <jff  the  nasiil  chanil>er  and  faciUtating  the  passage  of 
the  food  backward  through  the  pharynx.  The  resjnrator)'  o]>ening 
into  the  lar\'nx  is  closed  by  the  adduction  of  the  vocal  cords  (lateral 
crico-arytenoids  Jind  conatrict<:)rs  of  the  glottis)  and  hy  the  strong 
elevation  of  the  entire  larynx  ;tnd  a  depression  of  the  epiglottis  over 
the  larynx  (action  of  the  thyrohyoids,  tligastrics,  geniohyoids,  and 
mylohyoids  and  the  muscles  in  the  aryteno-epiglottidean  folds). 
If  the  elevation  of  the  larynx  be  prevented  by  fixation  of  the  thy- 
roid the  act  of  swalhiwiug  becomes  impossible.  There  is  also  at 
this  time,  aj)i)arent]y  as  a  regular  jmrt  of  the  swallowing  reflex. 
a  slight  insj>iratory  niovemeut  of  the  dijiphragm,  the  so-called 
swallowing  respiration.  The  movements  of  the  epiglottis  during 
this  stage  of  swallowing  Iiave  been  much  discussed.  The  usual 
view  is  that  it  is  ]>r.L'.ssed  down  ujxin  the  laryngeal  orifice  Uke  the  lid 
of  a  lx>x  and  thus  pfTectually  protects  the  respiratory  jiassage.  It 
has  been  shown,  however,  that  removal  of  the  epiglottis  dittos  not 
prevent  normal  swallowing,  and  Stuart  and  McConniek*  have 
reported  the  case  of  a  man  in  whom  fjart  of  the  phar>'nx  had  l>een 
peniumcntly  removed  by  surgical  oj)eration  anrl  in  whom  the 
epij^lnttis  could  be  seen  (luring  the  act  of  swallo\^'ing.  In  tliis 
individual,  according  to  their  observations,  the  epiglottis  was  not 
folded  hack  during  swallowing,  but  renmined  erect.  Kanthack  and 
Anderson t  state  that  in  nornml  individuals  the  movement  (*f  the 
epiglottis  backward  during  swallowing  may  be  felt  by  simply  passing 
the  finger  back  into  the  pharynx  until  it  comes  int-o  contact  with  the 
epiglottis.  According  to  most  obser\'ers,  it  is  not  necessan.'  for 
the  protection  of  the  larynx  that  the  epiglottis  shall  l>e  actualh 
folded  down  over  it  by  the  contraction  of  its  o\\ti  muscles.  The 
forcible  lifting  of  the  lar>'nx,  together  with  the  descent  of  the  base 
of  the  tongue,  effects  the  same  result  by  mechanically  crowding  the 
I)arts  together,  an<l  the  larynx  is  stitl  further  guarded  by  the  ap- 
proximation of  the  false  and  tnie  vocal  cords,  thus  closing  the  glottis. 
The  whole  act  is  very  rapid  as  well  as  complex,  so  that  not  more 

♦  'Moumal   of   Aimlomv   and    Wivtiiology/'    1892. 
t  "Jounml  of  Physiology/'  14.  154,   1893. 
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than  a  second  elapses  between  the  beginning  of  the  contraction  of 
the  mylohyoids  and  the  entrance  of  the  food  into  the  upper  end  of 
the  esophagus. 

The  passage  of  the  focwl  through  the  osofthaRUjs  differs  apparently 
with  it^  consistency.  When  the  ftxid  is  liquid  nr  very  soft  Kronecker 
and  Meltzer  have  shown  that  it  is  t^hot  thnjugh  the  whole  length  of 
the  esophagus  b\'  the  force  of  the  initial  act  of  swaH*>wing.     It 

'  arrives  at  the  lower  end  of  the  esfjphagus  in  about  0.1  see.,  and  may 
paBS  immediately  into  the  stomach  or  may  lie  some  moments  in  the 
esophagus  according  to  the  conditions  of  the  sphincter  guarding 
the  cardiac  orifice.  When,  however,  the  food  i.s  solifl  or  senii- 
&»]id,  &s  was  shown  by  Cannon  and  Moser,  it  is  forced  down  the 
esophagus  by  a  i)eristaltic  movement  of  the  musculature.  The 
circular  musclefi  are  constrictefl  from  aljove  downward  by  an  a<l- 
vancing  muscular  wave,  while  the  longittulinal  muscles  contract 
probalfly  soniewhat  in  a<ivance  of  this  wave  s(*  as  to  dilate  the  tube 
and  facihtate  the  passage  of  the  Itolus,  The  upper  |x*rtion  of  the 
esophagus  contains  cross-striated  fibers  Indicating  mpid  contraction; 
the  lower  end  consists  of  plain  muscle  only,  while  the  intemieiiiate 
portion  is  a  mixture  of  the  two  varieties.  Kronecker  and  Meltzer 
believe  that  each  of  these  segments  contnicts  as  a  whole  and  in 
orderly  succession,  but  other  observers,  on  the  evidence  furnished 
by  Roent^n-ray  j)hotograph.s,  agree  that  there  is  no  perceptible 
pause  in  the  downwartJ  movementof  the  wave  of  contraction.  These 

I  same  movements  occur  in  the  swalkming  of  lir|nid  or  soft  fooil.  but 
in  such  cases  the  [)eri8taltic  wave  follows  the  actual  descent  of  the 
food*  Acconling  U)  the  oljservation  of  Kronecker  and  Meltzer,  it 
takes  about  6  sec.  for  the  fK'ristaltic  wave  to  reach  the  stomach, 

land  the  passage  of  the  finxi  through  the  canlia  takes  place  with 
auRicient  energ>'  to  give  rise  to  a  muninir  that  n»ay  l)e  heard  by 
auscultating  over  this  region.  In  the  case  of  the  more  liquid  food 
that  is  shot  at  once  to  the  lower  end  of  the  stomach  within  0.1  sec.» 
it  may  apparently  pa.ss  at  once  into  the  stomach  or  it  may  lie  in  the 
lower  end  of  the  esophagus  tmtil  the  wave  of  contraction  reaches 
it  (6  sec.)  and  forces  it  through  the  opening.  At  this  oj^ening,  the 
cardia  or  cardiac  orifice,  the  circular  layer  of  muscles  acts  as  a 
sphincter  which  is  nommlly  in  a  condition  of  tone,  particularly 
when  the  sU^mach  contains  foo<l.  The  a^lvancing  wave  of  con- 
traction in  the  esophagus  either  forces  the  food  thn)Ugh  the  resis- 

[tance  offered  by  this  sf)hincter  or  probably  tlie  sphincter  suffers 
an  inhibition  at  this  moment  aa  a  part  of  the  general  reflex  action. 
Krf)necker  and  Meltzer  have  noted  the  interesting  fact  that  if  a 
second  swallow  is  made  within  an  interval  of  six  seconds  after  the 
first,  the  peristaltic  wave  occasione<l  by  the  latter  is  inhibited  at 
whatever  portion  of  its  path  it  may  have  reached.     The  food  earned 


d 


638 


PHTf8lOIX)OY   OP  DIORSnON  ANB  SECRETION. 


down  by  the  first  8\^'aIIow  waits  in  this  case  for  the  arrival  of  the  i 
ceeding  wave  before  entering  the  stomach. 

Nervous  Control  of  Deglutition. — The  entire  act  of  swallowing  J 
as  has  been  said,  is  essentially  a  reflex  act.  Even  the  comjjarativelyl 
simple  wave  of  contraetion  that  sweeps  over  the  esophagus  is  du€ 
to  a  reflex  nervous  stimulation,  and  is  not  a  simple  conduction  of 
contraction  from  one  portion  of  the  tube  to  another.  This  fact  waaj 
demonstrated  l^y  the  experiments  of  Mosso,*  who  found  that  aft 
removal  of  an  entire  segment  from  the  esophagus  the  peristaltic 
wave  passed  in  due  time  to  the  |x)rtion  of  the  esophagus  left  on  thol 
stomach  side,  in  spite  of  the  anatomical  break.  The  same  ex|)eri- 
ment  was  jierformed  successfully  on  rabbits  by  Kronecker  and' 
Meltzer.  Ol>servation  of  the  stomach  end  of  the  esophagus  in  tiiia" 
animal  showed  that  it  went  into  contraction  two  secontls  after  the 
beginning  of  a  swallowing  act  whether  the  esophagus  was  intact  or 
ligated  or  completely  divided  by  a  transverse  incision.  The  afferent 
nerves  concerned  in  this  reflex  are  the  sensory  fibers  to  the  mucous 
membrane  of  the  jjliarynx  and  esopliagus,  including  branches  of  the 
glossophan^ngealt  trigeniinal,  vagus,  and  superior  laryngeal  division 
of  the  vagus.  Artificial  stimulation  of  this  last  nen'e  in  the  lower 
animals  is  known  to  produce  swallowing  movements.  Several 
observers  have  attempted  to  determine  the  precise  area  or  areas 
in  the  pharyngeal  membrane  fn^ni  which  the  sensory  impulses 
liberating  the  reflex  normally  start.  According  to  Ivahn.t  the 
most  effective  areas  from  whose  stimulation  the  reflex  may  be 
produced  \&ry  in  location  in  different  animals.  In  the  rabbit  the 
reflex  is  originated  most  easily  by  stimulation  at  the  entrance  to 
the  phar>nx — the  soft  palate — along  the  line  extending  from  the 
posterior  edge  of  the  hard  palate  to  the  tonsils  (superior  maxi]- 
lar\'  branch  of  trigeminal);  in  the  dog  irritation  of  the  posterior 
pharj'ngeal  wall  is  most  effective  (glosw)phar>'ngeal  nen^e);  in 
monkeys  the  area  is  appmximately  as  in  rabbits, — that  is,  in  the 
region  of  the  tonsils.  The  motor  fibers  concerned  in  the  reflex 
comprise  the  hypoglossal^  the  trigeminal,  the  gloBsophar>'ngealy 
the  vagus,  an<.l  the  spinal  accessory.  For  an  act  of  such  complexity 
and  such  jjerfect  co-onlination  it  has  I>een  assimied  that  there  is  a 
special  nerve  center,  the  swallowing  or  deglutition  center,  which  has 
been  located  in  the  medulla  at  the  level  of  the  origin  of  the  vagi. 
There  is  little  positive  knowledge,  however,  concerning  the  existence 
of  this  center  as  a  definite  group  of  intermediary  nerve  cells,  after 
the  type  of  the  vasoconstrictor  or  resjnratory  center,  which  send 
their  axons  to  the  motor  nuclei  of  the  several  efferent  nerves  con- 
cerned.    As  in  the  rase  of  other  complicated  reflex  acts,  we  can  only 

♦  Molesrhott*8  "  UntersueliunjEen,"   1876,  volume  xi. 

t  Kfthn,  "Archiv  f.  Physiologie, "  1903,  suppL  volume,  386. 
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that  the  deglutition  rellex  is  contnjiled  by  a  definite  nen^ous 

■  iXKechanism  the  final  motor  cells  of  which  arc  scattered  in  the  several 
motor  nuclei  of  the  efferent  ner\'e8  mentioned  aljove. 

The  Anatomy  of  the  Stomach. — The  stoniach  in  man  belongs 
to  the  simple  tyjx?  as  distinguished  from  the  compound  stomaclis 
of  some  of  the  other  mammalia, — the  ruminating  animals,  for 
example.  Physiological  and  histological  investigations  have  shown, 
however,  that  the  8o-<*alled  sijiiple  stomachs  are  divided  into  parts 
that  have  ihfferent  properties  and  fniietions.  The  names  and  bound- 
aries of  these  parts  can  not  be  stateil  precisely,  since  they  \a.ry  in 
different  animals,  and  moreover  there  is  at  present  an  unfortunate 
want  of  agreement  among  different  authors  regarding  the  nomen- 
clature of  the  |)arts  of  the  stojuuch.*  For  tlie  f)ari_H>ses  {»f  a  physio- 
logical description  we  may  use  the  names  indicated  in  the  accom- 
panying schematic  figure.     The  main  interest  lies  in  the  separation 


T^lorle  pailcf  stomal 
or  CUdrum-jj^ioru 

_  trtuuMrscbond. 

Inl^rmfdiaft  or 
brcpyloric  regioo. 

F1^  35a — Beh«inAtie  ^gan  to  show  the  diffemit  parts  of  the  itomAch.^-CAftrr  RtMut.) 


of  the  pyloric  part  of  the  stomach  or  antnmi  pylorif  from  the  main 
cavity  of  the  stomach.  The  line  of  separation  is  marked  by  a 
fissure  on  the  small  curvature,  incisura  angularis  (/.  -d.)  and  on  the 
large  cun'ature  by  an  abrupt  change  of  ilirection.  The  pyloric  part 
makes  an  angle,  therefore,  with  the  body  of  the  stomach  and  diflFers 
from  the  latter  in  its  musculature,  the  maeroscopical  and  microscopi- 
cal characteristics  of  its  mucous  membrane,  and  in  its  functional 
importance.  The  main  bo<ly  of  the  stomach  falls  into  two  sub- 
dinsions,  whose  line  of  demarcation  is.  however,  indefinite.  The 
fundus  proper  is  the  blind,  rounde<l  end  of  the  stomach  to  the  left 
of  the  cardia  and  projecting  toward  the  spleen.  The  intermediate 
or  prepyloric  region  shows  in  many  animals  a  characteristic  struc- 


•8ee  Hw/*Artliiv   f.  Anntomie."  1003.  p.  345. 

t  Some  recent  writer*  confine  thb*  term  'antrum  pylori  to  that  portion 
of  the  pyloric  region  bonleriiig  ujion  the  pyloric  orifice. 
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ture  in  its  secreting  glands.     It  is  in  this  region  that  the  hyJnvl 
chloric  acid  r>f  the  gastric  juice  is  inHinly  secreted. 

The.    Muscufnture   of    the    Stomach. — The  musculature  of    thej 
stomach  is  usuiilly  divided  into  three  layers,— a  longitudinal,  aaJ 
oblique,  and  a  circular  coat.     The  longitudinal  coat  is  continuoual 
at  the  cardia  with  the  longiiudiua!  fitjers  of  the  esophagus;  it  spreads] 
out  from  this  point  along  the  length  of  the  stomach,  fonning  a  layei 
of  varying  thickness;    along  the  curvatures  the  layer  is  strongerl 
than  on  tlie  front  and  posterior  surfaces,  while  at  the  pyloric  end  it] 
increases  considerably  in  thickness,  and  passes  over  the  pylorus  tol 
be  continued  directly  into  the  longitudinal  coat  of  the  duodenum.] 
The  layer  of  o}>lique  fiijers  Ls  quite  incomplete;    it  seems  to  l>eJ 
continuous  with  the  circular  fillers  of  the  PS4jphagus,  and  sprearla] 
out  from  the  cardia  for  a  certain  distance  over  the  front  and  posterior 
surfaces  of  the  fundus  of  the  stomachy  but  toward  the  pyloric  end 
disappears,  seeming  to  jm.ss  into  the  circular  fibers.     The  circular 
coat,  which  is  i>laced  iictwcea  the  two  preceiling  layers,  is  the  lliick* 
est  and  most  iinpurtant  part  of  the  musculature  of  the  stomach. ' 
At  the  fundus  the  circular  ijan*ia  are  thin  and  somewhat  loosely 
placed,  but  toward  the  pyloric  end  they  increase  much  in  thickness, 
forming  a  strong,  muscular  mass,  which,  as  we  shall  see,  plays  the^ 
most  ImiKjrtant  part  in  the  movements  of  the  stomach.     At  tho 
pylorus  itself  a  special  development  of  this  layer  functions  as  a 
sphincter  pylori,  which  with  the  aid  of  a  circular  fold  of  the  mucous 
memljrane  makes  it  possible  to  shut  off  the  duodenum  coniplet-ely 
from  the  ca\'it>'  nf  the  stomach.     The  line  of  separation  betweeal 
the  antrum  pylori  and  the  body  of  the  stomach  is  made  by  »| 
special  thickening  of  the  circular  fibers  which  forms  a  stnicture 
known  as  the  '*tmnsverse  band"  by  the  older  writers,*  and  de- 
scrifjetl  more  recently!  as  the  "sphincter  antri  pyloric!. " 

The  Movements  of  the  Stomach. — ^The  solid  food  remains  ia 
the  stomach  for  several  hours,  and  during  this  time  the  musculaturaj 
contracts  in  such  a  way  that  the  thinner  portions  as  they  are  forme 
by  digestion  are  ejected  from  time  to  time  through  the  pylonis  intol 
the  intestine.  Except  at  the  definite  intervals  when  the  pyloric 
sphincter  relaxes  the  food  is  entirely  shut  off  from  the  rest  of  the' 
alimentary  canal  by  the  tonic  closure  of  the  sphincters  at  the  cardia 
and  the  pylorus.  There  is  a  certain  orderliness  in  the  movements 
of  the  stomach,  and  especially  in  the  sejiaration  and  ejection  of  the 
more  liquid  from  the  solid  parts,  which  shows  the  existence  of  a 
specially  adapted  mechanism.  These  movements  have  been  studied 
by  many  hivestigators,  making  use  of  various  experimental  meth- 

*  See  Beaumont,  "  Physiology  of  Dimstion,"  second  edition,  IS47,  p.  HM. 
t  Hofmelst^r  und  Schiitz.  "  Anliiv  f.  exper.  Pathologie  uiid  PhannakoU 
ogie,"   18S6,  vol.  xx. 
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ods.  The  first  noteworthy  contributions  to  this  subject  were 
iho0e  made  in  this  countn'  by  Beaiiniont  in  his  famous  obsenations 
upon  Alexis  St.  Martin,  the  Canadian  voyageiir,  who  had  a  j>er- 
nianent  fistulous  uixMiing  in  his  stoniut-h  us  the  result  of  a  g:unshob 
wound.*  In  recent  yeare  the  subject  has  been  stutlie<i  with  great 
success  by  means  of  the  X-ray8,t  (in  the  excised  stomach, t  and  by 
means  of  tambours  or  sounds  introdufed  into  the  stomach  to  meas- 
ure the  pressure  clianges.g  'i'fiese  n^searches  all  unite  in  em- 
phasizing one  fundamental  point, — namely,  that  the  fundic  end 
of  the  stomach  is  not  actively  concemeti  in  these  movements,  but 

I  serves  rather  as  a  reservoir  for  retaining  the  bulk  of  the  food,  while 
the  muscular  pyloric  region  is  the  apjiaratus  which  triturates  and 

,  macerates  the  food  and  forces  it  out  from  time  to  time  into  the 
duodenum.  Aeconlin^  to  the  obser\'ations  made  with  the  X-ray 
apparatus,  movements  begin  a  few  minutes  after  the  entrance  of 
food  into  the  stomach.  Small  contractions  start  in  the  middle 
region  of  the  stomach  and  nm  towanl  the  pylonis.  These  moving 
iwuvea  of  contraction  appear  at  regular  inter\-als.  The  pyloric 
portion  becomes  lengthened  and  it  may  be  noticed  that  in  this 
region  the  peristaltic  waves  become  more  and  more  forcible  as 
digestion  pmgresses.  These  running  waves  of  contraction  serve 
Xn  press  the  stomach  contents  against  the  pylonis.  According  to 
Cannon,  they  occur  in  the  cat  at  inter\'als  of  10  sec.  and  each 
wave  requires  about  2()  sec.  to  reach  the  pylorus.  According  to 
Beaumont's  ol)ser\'ations.  the  contraction  waves  follow  at  longer 
intervals  in  man  (2  to  3  ruin.).  The  obvious  result  of  these 
movements  is  to  mix  the  fooil  thoroughly  in  the  intermediate 
and  pyloric  portions  fjf  the  stomach  with  the  acid  gastric  Juice 
and  to  reduce  it  to  a  thin,  litjuid  mass, — the  chyme.  At  certain 
inten'als  the  pyloric  sphincter  relaxe^s  and  the  contraction  wave 
8c|ueezes  some  of  the  Huid  contents  into  the  duodenum  with 
considerable  force.  The  mechanism  controlling  the  relaxation 
of  this  sphincter  is  oliscure.  It  <loes  not  occur  with  the  ap- 
proach of  each  contraction  wave,  but  at  irregular  inter\*als. 
Cannon  connects  it  with  the  consistency  of  the  food.  Solid 
objects  forced  against  the  p>'lonis  prevent  relaxation  and  retard 
the  paasage  of  the  chv-me  into  the  intestine.  When  liquid  food 
alone  is  taken  into  the  stomach  numerous  ol>ser\'ation8  made  by 
means  of  intestinal  fistulas  show  that  the  material  Is  forced  into 
the  duodenum  within  a  few  minutes.    AccorcUng  to  this  description, 

•  8ce  (Mer,  "Jounial  of  the  Ameriran  Me4liral  Association,"  Nov.  15, 
1902.  for  life  of  Beaumont  aiul  arrount  of  hn  work. 

T  See  Cannon,  '' Ameriran  Journal  of  Phvsiolojfv,  *'  I,  3.59,  1898;  and 
Roux  uikI  Rnlthazanl.  "  Xrohive-*  .le  Pliy'iiolope,"  W,  85.  1898. 

iHofmeisit^r   and    Schiitas,   l«*r.   cit. 
MoritK.  "Zeilaohrift   f.    BioIoRie,"   32,  350.   1895. 
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the  portion  *if  the  food  toward  the  pyloric  end  of  the  stomach  is 
the  first  to  Ije  thoroughly  mixed  with  the  gastric  juice,  and  to  be 
broken  down  partly  In-  digestion  and  partly  by  the  mechanical 
action  of  the  contractions.  This  portion  as  it  is  liquefied  is  ex[>ened 
and  its  place  is  taken  by  new  material  forced  forward  from  the 
fnndic  end.  It  would  seem  that  this  jxirtion  of  the  stomach  is  in  a 
condition  of  tone,  and  the  pressure  thus  put  upon  the  contents  is 
sufficient  to  force  them  slowly  toward  the  pyloric  end  as  this  b€^- 
comes  emptied.  The  older  view  was  that  the  conte-nts  of  the 
stomach  are  kept  in  a  general  rotar>'  movement  so  as  to  become 
more  or  less  unifonnly  mixed;  but  Cannon's  observations,  and 
especially  those  of  Clriitzner.*  indicate  that  the  material  at  the 
fundic  end  may  remain  undisturi>ed  for  a  long  time  and  thus 
escape  mixture  with  the  acid  gastric  juice.  This  fact  is  of  impor- 
tance in  connection  with  the  8alivar>- 
digestion  of  the  starchy  foods. 
Obviously  fialivar>'  tligestion  may 
pnvceed  for  a  long  time  without 
being  affected  by  the  acid  of  the 
stomach.  Criitzner  fed  rats  with 
food  of  different  colors*  and  found 
that  the  successive  portions  were 
arranged  in  definite  strata.  The 
food  first  taken  lay  next  to  the 
walls  of  the  stomach,  while  the 
succeeding  jwrtions  were  arranged 
regularly  in  the  interior  in  a  con- 
centric fasliion.  as  shown  in  the 
figure.  Such  an  arrangement  of 
the  foml  is  more  readily  understood 
when  one  recalls  that  the  stomach  has  never  any  empty  space 
wuthin;  it-s  ca\ity  is  only  as  lai^e  as  its  contents,  so  that  the  first 
portion  of  food  eaten  entirely  fills  it  and  successive  portions  find 
the  wall  layer  occupied  and  are  therefore  received  into  the  interior. 
The  ingestion  of  much  liquid  must  interfere  somewhat  with  this 
stratification.  Whether  the  fact  of  this  stratification  has  any 
hygienic  bearing  with  regard  to  the  most  desiraljle  sequence  in  our 
articles  of  diet  is  not  yet  apparent.  Cannont  has  reported  some 
interesting  experiments  upon  the  relative  duration  of  gastric 
digestion  for  carbohydrates,  prot«ids,and  fat-s  when  fed  sefwrately 
and  combined.  The  foods  were  mixed  with  subnitrate  of  Insmuth 
ami  their  position  in  the  stomach  and  passage  into  the  intestine 
were  watched  by  means  of  the  Roentgen  rays.     It  was  found  tlmt 

♦Grutzner,  "  Anhiv  f.   die  gesanimte  Physiologie»"  106,  4t>3,   1005. 
t  Caiinon,  "American  Journal  of  Ph>'sioIogy/'  12,  387,  1904. 
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carbohydrate  food  begins  to  pass  out  from  the  stomach  soon  after 
jM|rci*tion»and  refjuires  finly  about  one  half  as  nuich  time  as  Jhe  pn> 
t^-ids  for  complete  gastric  iligestion.  Fats  remain  long  in  the  stomach 

,  when  taken  alone,  and  when  combined  with  the  other  foodstuffs 
markciily  delay  their  exit  through  the  pylorus.  This  distinct 
ilifTerence  in  the  main  f(.>odstuffs  can  hardly  l>e  referred  Uy  mere 
mechanical  consistency,  since  the  fals  arc  liifucfied  hy  the  heat  of  the 
body.     There  is  an  indiration,  therefore,  that  the  relaxation  of  the 

Fsphincter  may  be  controlled  in  some  way  by  chemical  stimuli 
originating  in  the  digested  food. 

Regarding  the  general  mechanism  of  the  stomach,  it  may  be 
pointed  out  that  it  forms  an  aibuimUly  adaf)tt'd  aj]f>aratus  for 
receiving  at  once  or  witiiin  a  short  j>eriotJ  a  large  amount  of  food 
which  it  reduces  to  a  liquid  or  semilitjuid  rondition,  partly  by 
digestion,  partly  mechanicall}-,  and  that  it  charges  the  intestine 
at  intervals  with  small  amount^s  of  this  chyme  in  such  a  crfudition 

IAS  l«  admit  of  rapid  digestifm.     It  seems  obvious  that  without  the 

'stomach  our  mode  of  eating  would  have  to  f>e  changed,  as  it  would 
not  l»e  possible  to  loatl  the  intestine  rapidly  i^Tth  a  large  supply  of 
food  such  as  is  consumed  at  an  ordinan*  meaL 

The  Relation  of  the  Nerves  to  the  Movements  of  the 
Stomach. — The  stomach  receives  nerve  fibers  from  two  sources, — 
the  vagi  and  the  splanchnics, — but  it  seems  probable  that  its  orderly 
movements  may  l)e  merely  regiilated  through  these  extrinsic  fibers, 
and  that  it  is  essentially  an  automatic  organ.  Thus,  it  has  been 
shown  tliat  the  excised  stomach  (Hofmeister  and  Schlitz)  when 
kept  warm  continues  to  execute  regular  movements  which,  if  not 
identical  with  those  observed  umler  normal  conditions,  have  at 
least  an  orderly  swjuence.  So  alsf)  it  would  ai>pear  from  the  results 
of  the  older  ol>ser\'ers*  that  gastrio  digestion  may  proceed  nomially 
both  as  regards  secretion  nnd  movements  after  section  of  the 
extrinsic  nen'es.  The  point  has  not  yet  perhaps  l^een  demonstrated 
conclusively,  but  provisionally  we  may  regard  the  stomach,  con- 
sidered as  a  motor  mechanism,  as  an  automatic  organ  like  the  heart. 
Itfl  stimuh  t«  movement  arise  within  itself,  but  these  movements 
are  regulated  by  the  action  of  the  extrinsic  nerve  fibers  so  as  to 
adapt  them  to  var>'ing  conthtions.  Whether  the  automaticity  is  a 
property  of  the  plain  muscle  tissue  itself,  or  dei>ends  upon  the  rich 
supply  of  intrinsic  ner\'e  ganglia  (plexuses  of  .Meissner  and  Auer- 
baeh),  is  a  question  that  can  not  l>e  answered  at  present.  The 
extrinsic  nerves  n(»t  only  supply  the  stomach  with  efferent  fibers, 
motor  and  secretorv',  but  also  carr>' afferent  fil)ers  from  the  stomach 
to  the  central   ner\'0U8  system.     Regarding  the  purely  efferent 

•See  HeidenhAin  in  Heniiunirs  "  namihuih  tier  Ph ysiologie, "  vol.  v, 
p.  118. 
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action  of  the  extrinsic  ner\'es,  the  results  of  numerous  experiments 
seem  to  show  tjuite  ronchimvely  that  in  general  the  fillers  received 
aloag  the  vagus  path  are  motor,  artificial  stimulation  of  them  caus- 
ing nuire  or  less  well  marked  rontrar-tions  of  part  or  all  of  the 
musculature  of  (he  stomach.  It  has  i>een  shown  that  the  sphincter 
pylori  as  well  as  the  rest  of  the  nuiseulature  is  supplie<:l  by  motor 
fil>ers  from  these  nerves.  The  fil>ei*s  coming  through  the  splanch- 
nifs,  on  the  contrarv',  are  mainly  inhihitor>'.  When  stiiuulateti 
they  cause  a  dilatation  of  the  contracted  stomach  and  a  relaxation 
of  the  sphincter  pylori.  Some  observers  have  reported  experiments 
which  seem  to  show  that  this  anatomical  separation  of  the  motor 
and  inliibitor>'  fillers  is  not  complete;  that  some  inhibitor>*  fibers 
may  be  fount)  in  the  vagi  anti  some  motor  fibers  in  the  splanchnics. 
The  anatomical  coursCvS  of  these  fibers  are  insufficiently  kno\Mi.  but 
there  seems  to  be  no  question  as  to  the  existence  of  the  two  physio- 
logical varieties-  Through  their  activity,  without  doubt,  the  move- 
ments of  the  stomach  may  be  influenced,  favorably  or  unfavorably, 
by  conditions  rlireetly  or  indirectly  affecting  the  central  ner\'ous 
syHtem.  Wertheimer*  has  shown  experimentally  that  stimulation 
of  the  central  enrl  of  the  sciatic  or  the  \'agus  ner\'e  may  cause  reflex 
inhibition  of  the  tonus  of  the  stomach,  and  Doyonf  has  conhmied 
this  result  in  cases  in  which  the  movements  and  tonicity  of  the  stom- 
ach were  first  increased  by  the  action  of  pilocarjnn  and  strychnin. 
Cannon,  in  his  obser^'ations  upon  cats,  found  that  all  movements 
of  the  stomach  cease<l  as  soon  as  the  aniiual  showed  signs  of  anxiety, 
rage,  or  distress. 

Movements  of  the  Intestines. — The  muscles  of  the  small  and 
the  large  intestine  are  arranged  in  two  layers, — an  outer  longitudinal 
and  an  inner  circular  coat, — while  hetw^een  these  coats  and  in  tlie 
suhn^ucous  coat  tliere  are  present  the  nerve-plexuses  of  Auerbach 
anc[  Meissner.  The  general  arrangement  of  muscles  and  nenes  is 
similar,  therefore,  to  that  prevailing  in  the  stomach,  and  in  accor- 
dance with  tlus  we  find  that  the  physiological  activities  exhibite<l 
are  of  much  the  same  character,  only,  perhaps,  not  quite  so  complex. 

Two  main  fornts  of  intestinal  movement  have  been  distinguisheti, 
— the  peristaltic  and  the  pendular. 

FerisUtlaie. — The  i)eristaltic  movement  consists  in  a  constriction 
of  the  walls  of  the  intestine,  which,  beginning  at  a  certain  |>oint, 
passes  downward  away  from  the  stomach,  from  segment  to  segment, 
while  the  jmrts  behind  the  advancing  zone  of  constriction  gradually 
relax.  The  evident  effect  of  such  a  movement  is  to  push  onwartl  the 
contents  of  the  intestines  in  the  direction  of  the  movement.  It  is 
obvious  that  the  circular  layer  of  muscles  is  chiefly  involved  in 

♦"Archives  de  physiologic  normale  et  palholoKique, "  1892.  p.  379. 
flbid.,   1895,   p.  374. 
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peristalsis,  since  constriction  can  only  be  produceil  by  contraction 
itf  this  layer.  To  wluit  extent  the  longitudinal  muscles  enter  into 
the  movement  is  not  definitely  deterrninefl.  The  term  ** anti- 
peristalsis"  is  used  to  descril:)e  the  same  fomi  of  movement  running 
in  the  opiK>site  direction — that  is,  towani  the  stomach.  Anti- 
[)eristalsi8  is  said  not  to  occur  under  normal  conditions;  it  has  1>een 
observed  sometimes  in  isftlated  pieces  of  intestine  or  in  the  exposed 
intestine  of  living  animals  when  stimulated  urtificially,  and  Ciriitz- 
ner*  reports  a  number  of  curious  experiments  which  seem  to  show 
that  substances  such  as  hairs,  animal  charcoal,  etc..  introduced  into 
the  rectum  may  travel  upward  to  the  stomach  under  certain  con- 
ditions. The  peristaltic  wave  nonually  passes  downward,  iiiul  that 
this  direction  of  movement  is  de}>endent  uijon  some  <lchnite  ar- 
rangement in  the  intestinal  walls  is  shown  by  the  eocperiments  of 
Mallt  upon  reversal  of  the  intestines.  In  these  exix»rinients  a 
portion  of  the  small  intestine  was  resected,  turned  aroun<L  and 
sutured  in  place  again ;  so  that  in  this  j)iece  what  was  the  lower  end 
became  the  upper  end.  In  those  animals  that  made  a  good  recovery 
the  nutritive  condition  gnidually  beciunever\' serious,  and  when  the 
animals  were  killeti  and  examined  it  was  found  that  there  was 
an  accumulation  of  food  at  the  stomach  end  of  the  reversed  piece  of 
intestine,  and  that  this  region  showed  marked  dilatation. 

The  })eristaltic  movements  of  the  intestines  may  l>e  ol>served 
upon  living  animals  when  the  alidomen  is  opened.  If  the  operation 
is  made  in  the  air  and  the  intestines  are  exfK)sed  to  its  influence,  or 
if  the  conditions  of  tcnijH'rature  and  circulation  are  othenvise 
<listurl)ed^  the  move-ments  obser\'e<l  are  often  violent  and  irregidar. 
The  peristalsis  nins  rapidly  along  the  intestines  and  may  })as9  over 
the  whole  length  in  alx»ut  a  minute;  at  the  same  lime  the  eon- 
traction  of  the  longitudinal  muscles  gives  the  Ixjwels  a  peculiar 
\^Tithing  movement.  Movements  of  this  kind  are  evidently 
abnormal,  and  only  occur  in  the  Ixxly  under  the  strong  stimulation 
of  pathological  conditions.  Normal  peristalsis,  the  object  of  which 
is  to  move  the  ffK>d  slowly  along  the  alimentary  tract,  is  quite  a 
different  affair.  t>bsen'er3  all  agree  that  the  wave  of  contraction 
is  gentle  and  progressf^s  slowly,  although  at  different  rates  j^erhaps 
in  rlifferent  parts  of  the  intestine.  According  to  liayliaa  and  Star- 
Iing4  ^^^  p<»ristultic  movement  is  a  complicated  reflex  through  the 
intrinsic  ganglia.  When  the  intestine  is  stimulated  by  a  l^olus 
placed  within  its  cavity,  the  musculature  alK)ve  the  jx)int  stimulate*! 
is  excited,  while  that  below  is  inhibited.  In  accordance  with  this 
law  they  finii  that  in  peristalsis  the  advancing  wave  of  constriction 

•  "  Deutwiie   medifiiiisclie    \V*ochenj*chriU,'*   No.    48,    IftW. 
t  "Johns  liopkins  Hospital  Kep<»rt»."  1.  93,  1890. 
t  "  Journal  ni  Physiology,  '  24,  91»,   IS99. 
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is  preceded  by  a  wave  of  relaxation  or  iahihition.  'llie  force  of  the 
contraction  as  measured  by  Cash  *  in  the  dug's  intestine  is  ver>'  small. 
A  weight  of  five  to  eight  gramis  was  sufficient  to  check  the  onward 
movement  of  the  substance  in  the  intestine  and  to  set  up  Niolent. 
colicky  contractions  whicfi  caused  the  animal  evident  uneasine^. 
We  may  suppose  that  under  nonnal  conditions  each  injection  of 
chyme  from  the  stomach  into  the  duodenum  is  followed  b}'  a 
peristalsis  that,  beginning  at  the  duodenum,  passes  slowly  down- 
ward over  a  part  or  all  i^f  the  small  intestine.  According  to  nKJ.«;t 
observers,  the  movement  is  blocked  at  the  ileocecal  valve,  and  the 
peristaltic  movements  of  the  lai^e  intestine  form  an  independent 
group. 

Mecftiinism  of  the  Pvn'staUlc  Movement. — The  means  by  which 
the  peristaltic  movement  makes  ius  orderly  forward  progression 
have  not  been  determined  beyond  question.  The  simplest  explana- 
tion would  l>e  to  assume  that  an  iniptiLse  is  conveyed  directly  from 
cell  to  cell  in  the  circular  muscular  coat,  S(3  that  a  contraction  started 
at  any  point  would  spread  by  direct  conduction  of  the  contmctiou 
change.  Tliis  theory,  however,  <loes  not  explain  satisfactorily  the 
normal  conduction  of  the  wave  of  contraction  always  in  one  direc- 
tion, nor  the*fact  that  the  wave  of  contraction  is  preceded  by  a 
wave  of  inhibition.  Moreover.  n?iy]i.s.s  ami  Starling  state  that, 
although  the  ixjristaltic  movements  continue  after  section  of  the 
extrinsic  nerves, — indeed,  become  more  marked  under  these  con- 
ditions,— the  application  of  cocain  or  nicotin  prcvent,s  their  oc- 
currence. Since  these  substances  may  be  su[)|j<->.se<l  to  act  on  the 
intrinsic  nerves,  it  is  prolmble  that  the  co-onlination  of  the  move- 
ment is  effect^ed  through  the  local  nerve  ganglia,  but  our  knowledge 
of  the  mechanism  and  physiohjg^'  of  these  [peripheral  ner\''e-plexuses 
is  as  yet  quite  inconij^lcte. 

Pendular  Movemtntt<.~lii  addition  to  the  peristaltic  wave  a 
second  kind  of  movement  may  l>e  obser\*ed  in  the  exfxised  intestines 
of  a  living  animal.  This  movement  is  characterized  by  a  gentle 
swinging  to  and  fro  of  the  (iiflferent  loops,  whence  its  name  of  pendu- 
lar movement,  Mallf  has  shown  that  the  main  feature  of  this 
movement  is  a  rhythmical  contraction  of  the  circular  muscles. 
He  prefers  to  speak  of  the  movements  as  rhytlunical  instead  of 
pendular  contractions,  and  points  out  that,  owing  to  the  arrange- 
ment of  the  bl<iod-vessels  in  the  coats  of  the  intestine,  the  rhythmical 
contractions  should  act  as  a  pump  to  expel  the  blood  from  the 
submucous  venous  plexus  into  the  radicles  of  the  superior  mesenteric 
vein,  and  thus  materially  aid  in  keeping  up  the  circulation  through 
the  intestine  and  in  maintaining  a  good  pressure  in  the  portal  vein, 

•"Proceedings  of  ihe  Koval  Society,"  I^ondon,  41,  1887. 
t  "Johns  Hopkins  Hospital  Reports."  I,  37,  1896. 
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in  much  the  same  way  as  happens  in  the  case  of  the  spleen.  Bayhss 
and  StArling  corrolxjrate  this  view,  except  that  they  find  that  both 
the  circular  and  longitudinal  layers  of  muscle  are  concemeti  in  the 
move-ment.  The  rhythmical  contractions,  according  to  these 
obeenTrs,  are  entirely  muscular  in  origin »  since  Ihey  persist  after 
the  apphcation  of  nicotin  or  cocain. 

Camion*  has  studied  the  movements  of  ttic  small  intestines  most 
successfully  by  means  of  the  Hoentgen  rays.  He  finds,  in  the  cat, 
that  the  most  characteristic  phenomenon  is  that  due  to  the  rhyth- 
mical or  pendular  movements.  Hy  means  of  those  contractions 
xnUBee  or  strings  of  the  food  are  suddeidy  segmented  rejjealedly 
and  in  a  definite  manner  into  a  nuinl>er  of  small  pieces,  which  move 
to  and  fro  as  the  pieces  combine  anti  are  again  separated.  These 
segmentations  may  proceed  at  the  rate  of  thirty  per  minute  for  a 
Ttain  time,  and  the  apparent  residt  is  that  the  material  is  well 
ixed  with  the  digestive  secretions  anil  is  bmuglit  thoroughly  into 
contact  with  the  absorptive  walla.  During  these  rhythmical 
contractions  there  is  no  steady  progression  of  the  food ;  it  rt^maina 
in  the  same  region,  although  sulijected  to  repeated  divisions. 
From  time  to  time  the  separated  pieces  are  caught»  as  it  were, 
by  an  advancing  peristaltic  wave,  moved  forward  a  certain  dis- 
tance, and  gathered  again  into  a  new  mass.  In  this  new  location 
the  rhythmical  contractions  again  segment  and  chuni  the  mass 
before  a  new  peristultic  wave  moves  it  on.  According  to  this 
description,  the  rhythmical  movc-ments  are  Itjcnl  contractions 
(mainly  of  the  circular  nmscles)  which  seem  to  be  due  to  the  local 
distension  caused  by  the  food.  They  occur  rhythmically  for  a 
certain  period  and  then  cease  until  a  new  series  is  started.  .Some- 
what similar  movements  have  been  described  by  Bunch  t  from 
observations  on  the  isolated  intestine.  I'he  curious  observation  is 
reported  t  that  during  the  i>eriod  of  fasting  (ilog)  the  whole  gastro- 
intestinal canal,  although  empty,  shows  at  inten^als  rhythmical 
contractions  of  its  musculature  which  may  last  for  twenty  to  thirty 
minutes  (see  p.  703). 

The  Nervous  Control  of  the  Intestinal  Movements. — As 
stated,  there  is  some  evidence  to  show  that  the  rhytlmdcal  con- 
tractions of  the  intestines  are  muscular  in  origin  (myogenic),  while 
the  more  co-ordinated  peristaltic  movements  de|)end  ujwn  the 
intrinsic  ner\'ous  mechanism.  The  intestine  is,  however,  not  de- 
I)endent  for  either  movement  upon  its  connections  wdth  the  central 
nen'oua  system.  IJke  the  stomach,  it  is  an  automatic  organ  whose 
activity  is  regidatetl  through  its  extrinsic  nerves. 

•Cannon,  *' .\merican  Journal  of  PhyHioloR*."  6,  251,  1902. 

t  Bunoh.  "Journal  of  Phys^ioUjKy."  22.  357,   1897. 

i  BoldirefT,  ".-Vrchives  des  sciences  biologiques, "   11,    I,   1905. 
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The  small  intestine  and  the  greater  part  of  the  large  intestine 
receive  visceromotor  nen'e  fibers  from  the  vagi  and  the  sympathetic 
chain.  The  former,  according  to  most  observers,  when  artifically 
stinuilate<l  cause  movements  of  the  intestine,  and  are  therefore 
regarded  as  the  motor  fibers.  It  seems  |>nil.>al)le,  however,  that  the 
vagi  carr>^  or  may  carry  in  some  animals  inhibitor>'  fil>ers  as  M^ell, 
and  that  the  motor  effec^ts  usually  obtained  upon  stimulation  are 
due  to  the  fact  that  in  these  nerves  the  m(*tor  fillers  pretloiuinate. 
The  fibers  received  from  the  symfjathetic  chain,  on  the  other  hand» 
give  mainly  an  tnhibitor>'  effect  when  stmmlated,  although  some 
motor  fibers  apf>areutly  may  take  this  path.  Beehterew  and 
Mislawski*  state  that  the  sympathetic  fil>ers  for  the  small  intestine 
emerge  from  the  signal  cord  as  mechdlated  fibers  in  the  sixth  dorsal 
to  the  first  lumbar  spinal  nerves,  {or  lower— Bunch)  and  pass  to  the 
sj'mpathetic  chain  in  the  splanchnic  nerves  and  thence  to  the 
semilunar  plexus.  The  paths  of  these  fil)ers  through  the  central 
ner\'ous  system  are  not  known,  but  there  are  e\idently  connections 
exteniling  to  the  higher  brain  centers,  since  psychical  states  are 
known  to  influence  the  movementa  of  tlie  intestine,  and  according 
to  some  observers  stimulation  of  [x>rtions  of  the  cerebral  cortex 
may  produce  movements  or  relaxation  of  the  walls  of  the  small  and. 
large  intestines. 

Effect  of  Various  Conditions  upon  the  Intestinal  Move- 
ments.—Experiments  have  shown  that  the  movements  of  the  in- 
testines may  Ije  evoked  in  many  ways  in  addition  to  direct  stimu- 
lation of  the  extrinsic  nerves.  Chemical  stimuli  may  be  apphed 
directly  to  the  intestinal  wall.  Mechanical  stimulation — pinching, 
for  example,  or  the  introduction  of  a  bolus  int^  the  intestinal 
cavity — may  start  peristaltic  movements.  \'ioIent  movements 
may  be  produced  also  by  shutting  off  the  bloful-supply.and  again 
temporarily  when  the  supply  is  re-establishe*l.  A  condition  of 
dyspnea  may  also  start  movements  in  the  intestines  or  in  some 
cases  inhibit  movements  which  are  already  in  progress,  the  stimu- 
lus in  this  case  seeming  to  act  upon  the  central  nervous  system  and 
to  stimulate  both  the  motor  and  the  inhibitory  fibers.  Oxygen  gas 
within  the  lx)wels  tends  to  Husj>end  the  movejiients  of  the  intes- 
tine, while  C()j,  CH4,  and  H^S  act  as  stimuli,  increasing  the  move- 
ments. Organic  acids,  such  as  acetic,  projMonic,  formic,  and 
capn'lic.  which  may  be  formed  normally  within  the  intestine  as 
the  result  of  bacterial  action,  act  also  ns  strong  stimulants. 

Movements  of  the  Large  Intestine. — The  nmsculature  in  the 

large  intestine  has  the  same  general  arrangement  as  in  the  small, 

and   the  usual   view   has  l>een   that   the  movements  are  similar, 

although  more  infre(|uent,  .so  that  the  material  received  from  the 

*  "  Archiv  f.  Physiologic/*  1889,  auppl.  volume* 


I 


MOVEMENTS  OP  THE  .UJMENTARY   CANAL. 


649 


kiall  intestine  is  slo^Bvly  moved  along  while  becoming  more  and 
more  solid  from  the  absorption  of  water,  until  in  the  fnmi  of  feces 
it  reaches  the  sigmoid  flexure  and  rectum,  liayliss  and  Starling 
state  that  their  law  of  intestinal  peristalsis  holds  in  this  portion  of 
the  intestine. — that  is.  local  excitation  causes  a  constriction  above 
and  a  ihlatation  below  the  point  stiniutated.  Cannon,*  however, 
from  his  studies  of  the  normal  movements  in  cats,  as  seen  by  the 
Roentgen  ra}'8,  comes  to  the  conclusion  that  tlie  movements  in  the 
large  intestine  show  a  marked  peculiarity  previously  overlooked. 
He  divides  the  large  intestine  into  two  parts:  in  the  second,  cor- 
responding iTjughl)'  to  tiie  descending  colon  the  feed  is  move<I 
toward  the  rectum  by  peristaltic  waves.  A  numljerof  constrictions 
may  be  seen  simultaneoush-  within  a  length  of  stime  inches.  In 
the  ascending  and  transverse  colon  and  cecum,  on  the  contrary',  the 
inofit  frequent  movement  is  ttiat  of  nntiperistalsis.  The  food  in  this 
portion  of  the  canal  is  more  or  less  liquitl  and  its  presence  sets  up 
running  waves  of  constriction,  wliich,  beginning  somewhere  in  the 
colon,  pass  toward  the  ileocecal  valve.  These  waves  occur  in  gn)up8 
separate* I  by  periods  of  rest.  The  presence  of  the  ileocecal  valve 
prevents  the  material  from  being  forced  back  into  the  small  in- 
testine. The  value  of  this  peculiar  reversal  of  the  nnnnal  nio\'e- 
ment  of  the  bowels  at  this  jmrticiilar  point  would  seem  to  lie  in  the 
fact  tliat  it  delays  the  fwssage  of  the  material  toward  the  rectum 
and  by  thon>ughly  mixing  it  gives  increased  o[iportimities  for  the 
completion  of  the  processes  of  digestion  ami  absorption.  As  the 
colon  becomes  filled  some  of  the  material  penetrates  into  the 
descending  part  where  the  normal  peristalsis  carries  it  toward  the 
rectimi. 

The  large  intestine — particularly  the  descending  colon  and 
rectum—  receives  its  ner\'e  supply  from  two  sources:  (I)  Fibers 
which  leave  the  spinal  cord  in  the  lumbar  ner\'es  (second  to  fifth 
in  cat),  pass  to  the  symjmthctic  chain,  and  thence  to  the  inferior 
mesenteric  ganglia,  which  probably  forms  the  termination  of  the 
pregangUonic  filler.  rn»m  this  \youit  the  path  is  continued  by  fibers 
running  in  the  hjpogastric  nerv'cs  and  plexus.  Stimulation  of  these 
fibers  has  given  difTerent  results  in  the  hands  of  various  obser\'erB. 
but  the  most  recent  workf  indicates  that  they  are  inhibitor^-.  (2) 
Fil)ers  that  leave  the  cord  in  the  fiacral  nerves  (second  to  fourth) 
form  part  of  the  nervi  erigentes  and  enter  into  the  pehic  plexus. 
When  stimulated  these  fibers  cause  contractions  of  the  muscular 
coats;  they  may  l>c  regarded,  thcreiore^aB  motor  fibers.    As  in  the 


*  Cannon,  ior.  cU. 

t  Laugley  and  Aiiaereem.  "Joumal  oi  Physiologv,"  18,  67,  1895.  Bay 
tt»  and  Starling,  ihitl.,  26.  107,  IftOO.  AI-m^  WiscTinewsky,  in  Hermaon's 
"iahmbertcht  Jer  PhyHiologie, "  vol.  xii,  1905. 
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case  of  tlie  small  intestine  and  stomach,  we  may  assume  that  these 
motor  and  inhibitory  fibers  serve  for  the  reflex  regulation  and 
adaptation  of  the  movements. 

Defecation. — The  undigested  and  indigestible  parts  of  the  food, 
together  with  some  of  the  dtbris  and  secretions  from  the  alimentan' 
tract  eventually  reach  the  sigmoid  flexiu^  and  rectum.  Here  the 
nearly  solid  material  stimulates  b\'  its  pressure  the  sensory  nervee  of 
the  rectum  and  produces  a  dis(inf*t  sensation  and  desire  to  defecate. 
The  fecal  mat^al  is  retained  within  the  rectum  by  the  action  of 
the  two  sphincter  muscles  which  close  the  anal  opening.  One  of 
these  muscles,  the  internal  sphincter,  is  a  strong  band  of  the  circular 
layer  of  involuntary  muscle  which  foniis  one  of  the  coats  of  the 
rectum.  When  the  rectum  contains  fecal  material  this  nmscle 
seems  to  be  th^o^^^l  into  a  condition  of  tonic  contraction  until 
the  act  of  defecation  liegins,  when  it  is  relaxed.  The  sphincter  is 
composed  of  involuntary  muscle  and  is  innervated  by  fibers  liaving 
the  #?encral  course  given  above  fr>r  the  nerves  of  the  large  intestine. 
The  external  sphincter  ani  ir?  com|>osedof  striated  muscle  tissue  and 
is  under  the  control  of  the  will  to  a  certain  extent.  When,  however, 
the  stimulus  from  the  rectum  is  -sufficiently  intense,  voluntary 
control  is  overcome  and  this  spliincter  is  also  rclaxe<I.  The  act  of 
defecation  is  in  part  voluntary  and  in  part  involuntary-.  The 
iiivoluntar>'  factor  is  found  in  the  contractions  of  t-he  strongly 
developed  musculature  of  the  rectum,  esj>ecially  the  circular  layer 
which  sen'es  to  force  the  feces  onwaril,  and  the  rela.xation  of  the 
internal  sphincter.  It  vvoulri  seem  that  these  two  acts  are  mainly 
caused  by  reflex  stimulation  from  the  lumbar  spinal  cord,  although 
it  is  probable  that  the  rectum,  like  the  rest  of  the  alimentan*  tract, 
ia  capable  of  automatic  contractions.  The  rectal  muscles  receive  a 
double  nervous  supply,  ciintainiiiji;  jihysiologically  both  motor  and 
inhibitory  fibers.  The  former  come  pnihably  fn^m  the  nennis 
erigens  by  way  of  the  pelvic  j>lexus:  the  latter  from  the  lumbar  cord 
through  the  corresjxinding  sympathetic  ganglia,  inferior  mesenteric 
ganglion,  and  hypogastric  nerve.  It  has  been  asserted  that  stimu- 
lation of  the  ncrvus  erigens  causes  contraction  of  the  longitudinal 
muscles  and  inhibition  of  the  circular  muscles,  while  stimulation  of 
the  hypogastric  nerve  causes  contraction  of  the  circidar  musclefi 
and  inhibition  of  the  longitudinal  layer.  This  division  of  activity 
ha.H  not  l>een  confirmeil  by  recent  experiments. 

The  voluntary'  factor  in  defecation  consists  in  the  inhibition  of 
the  external  .sphincter  and  the  contraction  of  the  abdominal  muscles. 
When  these  latter  mu.scles  are  contracted  and  at  the  same  time  the 
diaphragm  is  prevented  from  mnving  upward  by  the  closure  of  the 
glottis,  the  increased  abdominal  pressure  is  brought  to  bear  tipon  the 
abdominal  and  pelvic  viscera,  and  aids  strongly  in  pressing  the 


MOVEMEI^TS  or  THE   ALIMENTARY   CANAL.  651 

contents  of  the  desoeiKling  colon  and  sigmoid  flexure  into  the  rectum. 
The  pressure  in  the  alKlominal  cavity  is  still  further  increase*!  if 
a  deep  inspiration  is  first  made  ami  then  maintained  during  the 
contruction  of  the  abdominaJ  muscles.  Although  the  act  of  defeca- 
tion Ls  normally  initiated  by  volunt^iry  effort,  it  may  also  be  aroused 
by  a  purely  involuntary  reflex  when  the  sen8or\'  stimidus  is  suf- 
ficiently strong.  Goltz*  has  shown  that  in  dogs  in  which  the  spinal 
coni  had  been  severetl  in  the  k»wer  thoracic  region  defecation  waa 
performed  normally.  In  later  ex|>eriments,  in  which  the  entire 
spinal  cord  was  removed,  e,\cei)t  in  the  cer\ical  and  upper  part  of 
the  thoracic  region,  it  was  found  that  the  animal,  after  it  had  re- 
covered from  the  oj)eration,  liad  noniial  movement  once  or  twice  a 
day,  indicating  that  the  rectum  and  lower  bowels  acted  by  virtue  of 
their  intriiiflic  mechanism.  An  inter^ting  result  of  these  ex|)eri- 
ments  was  the  fact  that  the  external  sjihincter  sufTcretl  no  atrophy, 
although  it-s  mot*»r  nerve  was  destroyed ,  and  that  it  eventually 
regained  its  tonic  activity. 

It  would  seem  that  the  whole  act  of  defecation  is,  at  bottom,  an 
involuntan-  reflex.  The  ph}'si{>logical  center  for  the  movement 
probably  lies  in  the  lumbar  conl,  and  has  eensor>'  and  motor  con- 
nections with  the  rectvini  and  the  muscles  of  defecation;  but  this 
center  is  probably  pn)videti  with  connections  with  the  centers  of 
the  cerebnim,  through  which  the  act  may  he  controlled  by  volun- 
tary impulses  and  by  various  psychical  states,  the  effect  of  emo- 
tions uj3on  defecation  l)eing  a  matter  of  common  knowle<ige.  In 
infanta  the  essentially  involuntar>'  character  of  the  act  is  well 
-known. 

Vomiting. — The  act  of  vomiting  causes  an  ejection  of  the  con- 
tents of  the  stomach  through  the  esophagu.s  and  mouth  to  the 
exterior.  It  was  long  debated  whether  the  fon^e  producing  this 
ejection  comes  from  a  strong  contraction  of  the  walls  of  the  stomach 
itself  or  whether  it  is  due  mainly  to  the  action  of  the  walls  of  the 
abdomen.  A  forcible  spasmodic  contraction  of  the  abdominal 
muscles  takes  place,  as  may  easily  be  observed  by  any  one  upon 
himself,  and  it  is  now  ljelieve<l  that  the  contraction  of  these  muscles 
is  the  principal  factor  in  vomiting.  Magendie  found  that  if  the 
stomach  was  extirpated  and  a  bladder  containing  water  was  sub- 
stituted in  its  place  and  connected  with  the  esophagus,  injection 
of  an  emetic  canserj  a  typical  vomiting  movement  with  ejection  of 
the  contents  of  the  bladder.  Gianu;szi  showed,  on  the  other  hand, 
that  upon  a  curarize<l  animal  vomiting  could  not  be  produced  by  an 
emetic — l>eeause,  api>arenlly.  the  muscles  of  the  alxiomen  were 
paralyzeil  by  the  curare.  There  are  on  record  a  number  of  ob- 
aervations  which  tend  to  show  that  the  stomach  is  not  passive 
'"Aichiv  f.  die  geaammte  Phyfiiologie, "  8,  100,  1874;   03,  3C2,  ISOO. 
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during  the  act.  On  tlie  rontran%  it  may  exhibit  contractions,  more 
or  less  violent  in  character.  According  to  Oix^nchowski ,*  the 
pylorus  is  closetl  and  the  pyloric  end  of  the  stomach  firmly  con- 
t racial  so  as  to  drive  the  contents  toward  the  dilated  cardiac  por- 
tion. Cannon  states  that  in  cata  the  nonnal  peristaltic  waves  pass 
over  the  pyloric  portion  in  the  period  precetling  the  vomiting  and 
that  finally  a  strong  contraction  at  the  *'  transverse  band "  com- 
pletely shuts  off  the  pyloric  [wrtion  from  the  body  of  the  stomach, 
which  at  this  time  is  qiute  relaxed.  The  act  of  vomiting  is,  in  fact» 
a  complex  reflex  movement  into  which  many  muscles  enter.  The 
following  events  are  described :  The  vomiting  is  usually  preceded  by 
a  sensation  of  nausea  and  a  reflex  flow  of  saliva  into  the  mouth. 
These  phenomena  are  succeeded  or  accompanietl  by  retchinp;  mo^*e- 
ments.  winch  consist  essentially  in  deep,  spasmodic  inspirations  with 
a  closed  glottis.  The  effect  of  these  movements  is  to  compreets  the 
stomach  by  the  descent  of  the  diaphragm,  and  at  the  same  time  to 
increase  decidedly  the  negative  pressure  in  the  thorax,  and  therefore 
in  the  thoracic  portion  of  the  esophagus.  During  one  of  these 
retching  movements  the  act  of  vomiting  is  effected  by  a  con\n.iIsive 
contraction  of  the  abdominal  wall  that  exerts  a  sudden  additional 
strong  pressure  upon  tiie  stomach.  At  the  same  time  the  cardiac 
orifice  of  the  stomach  is  dilatcfl.  possibly  l)y  an  inhibition  of  the 
sphincter,  and  acc(»rding  to  the  above  desi'ription  the  fumlic  end 
of  the  stomach  is  also  dilated,  while  the  pyloric  end  is  in  strong 
contraction.  The  stomach  contents  arc  therefore  forcetl  \^olenliy 
out  of  the  stomach  thmitgh  the  esophagus,  the  negative  pressure  in 
the  latter  probably  assisting  in  the  act.  The  passage  tlirough  the 
esophagus  is  effected  mainly  by  the  force  of  the  contraction  of  the 
abdominal  muscles;  there  is  no  e\ndence  of  antiperistaltic  move- 
ments on  the  part  of  the  esophagus  itself.  During  the  ejection  of 
the  contents  of  the  stomach  the  glottis  is  kept  closed  by  the  adductor 
muscles,  and  usually  the  nasal  chamber  is  likewise  shut  off  from  the 
pharynx  by  the  contraction  of  the  posterior  pillars  of  the  fauces  on 
the  palate  and  uvula.  In  violent  vomiting,  however,  the  vomited 
material  may  break  through  this  latter  barrier  and  be  ejected 
partially  through  the  nose. 

Nervous  Mtrhnnism  of  Vontiting. — ^I'hat  vomiting  is  a  reflex  act 
is  abundantly  shown  by  the  fre<|uency  with  which  it  is  pnxluced  in 
consequence  of  the  stimulation  of  sensory  nerves  or  as  the  result 
of  injuries  to  various  parts  of  the  central  ner\*ous  system.  After 
lesions  or  injuries  of  the  brain  vomiting  often  results.  Disagreeable 
emotions  and  disturbances  of  the  sense  of  equilibrium  may  produce 
the  same  result.  Irritation  of  the  mucous  membrane  of  various 
parts  of  the  alimentary  canal  (as,  for  example,  tickling  the  l)ack 
♦".\rchiv  f.    Phj-siolope."   1889,   p.   552. 
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of  the  phan'nx  with  the  finger);  disturbances  of  the  urogenital 
apparatus,  the  liver,  and  other  visceral  organs;  artificial  stimula- 
tion of  the  trunk  of  the  vagus  and  of  other  sensory  nerves,  may  all 
cause  vomiting.  Under  ordinar>^  conditions,  however,  irritation  of 
the  9ensf)ry  nerves  of  the  gastric  mucous  nienihrane  is  the  most 
common  cause  of  vomiting.  This  effect  may  result  from  the  prod- 
ucts of  fermentation  in  the  stomach  in  cases  of  iri(hgestion.  or  may 
be  produced  intentionally  by  local  emetics,  such  as  mustard,  taken 
into  the  atomaeh.  The  afferent  path  in  this  case  is  through  the 
sensor>*  fibers  of  the  vagus.  The  efferent  paths  of  the  reflex  are 
found  in  the  motor  ner\'ea  inners'ating  the  muscles  concerned  in  the 
vomiting, — namely,  the  vagus,  the  phrenics,  and  the  spinal  nerves 
supplying  the  abdominal  muscles.  Whether  or  not  there  is  a  defi- 
nite vomiting  center  in  which  the  afferent  impulses  are  received 
and  through  which  a  co-ortlinate<i  seriea  of  efferent  impulses  is 
sent  out  to  the  various  muscles  has  not  l>een  satisfact-orily  deter- 
mined. It  has  been  sliown  that  the  fxjrtion  of  I  he  nervous  syst-em 
through  which  the  reflex  is  effected  lies  in  the  medulla,  and  it  may 
be  observed  that  the  muscles  concerned  in  the  act,  outside  those 
of  the  stomach,  are  respiratory  muscles.  Vomiting,  in  fact,  consists 
essentially  in  a  simultaneous  spasmodic  contraction  of  expiratory' 
(abdominal)  muscles  and  inspiratory*  muscles  (diaphragm).  It  has 
therefore  been  suggested  that  the  reflex  involves  the  stimulation  of 
the  respiratori'  center  or  some  part  of  it.  Thumas  claims  to  have 
located  a  vomiting  center  in  the  medulla  in  the  immediate  neighbor- 
hoo<i  of  the  calamus  scriptorius.  Further  evidence,  however,  is 
required  upon  this  point.  The  act  of  vomiting  may  be  produced 
not  only  as  a  reflex  from  various  8ensor>'  nerves,  but  may  also  l>e 
caused  by  direct  action  upon  the  medullary  centers.  The  action 
of  apomorphin  is  most  easily  explained  by  supposing  that  it  acts 
directly  on  the  nerve  centers. 


CHAFFER  XL. 


GEPJERAL  CONSroERATIONS  UPON  THE  COMPOSITION 
OF  THE  FOOD  AND  THE  ACTION  OF  ENZYHES. 

Foods  and  Foodstuffs. — The  term  food  when  used  in  a  popular 
sense  includes  everything  that  we  eat  for  the  purpose  of  nourisliiog 
the  body.  From  this  p<iint  of  view  tlie  fof»d  of  mankiiul  is  of  a  most 
varied  character.  eoiiii>rising  a  great  variety  of  products  of  the 
aninia!  and  vegetable  kingdoms.  Chemical  analysis  of  the  animal 
and  vegetable  foods  shows,  however,  that  they  all  contain  one  or 
more  of  five  or  six  different  classes  of  substances  which  are  usually 
tlesignated  as  the  fnodstiiffs  (older  names,  alimeat-ar\*  or  proximate 
principles)  on  the  i»elief  that  they  fonn  the  useful  constituent  of  our 
foods.     The  classification  of  foodstuffs  usually  given  is  as  follows: 

/  Water. 

I  ItiDfganic  salts. 
1  Proteids. 
Foodstuffa      Allnimirioids,  a  group  of  botiies  restemhlinj;  proteids,  but  hav- 
i  iiig  in  some  respects  a  diiTePCut  nutritive  value. 

I  Carl>oliV(lrutes, 
'  Fats. 

From  the  scientific  jioint  of  view,  a  foodstuff  or  food  may  be  defined 
as  a  substance  aljsolutely  necessary  to  the  normal  composition  of 
the  IxKiy,  as  in  the  case  of  water  and  salts,  or  as  a  substance  which 
can  be  acted  upon  by  the  tissues  of  the  Ix)dy  in  such  a  way  as  to 
yield  energ>'  (heat,  for  example)  or  to  furnish  material  for  the  pro- 
duction of  living  tissue.  Moreover,  to  Ije  a  food  in  the  physiological 
sense  the  substance  must  not  directly  or  indirectly  affect  injuriously 
the  normal  nutritive  processes  of  the  tissues.  The  five  or  six 
substances  named  a.I>ove  are  all  foods  in  this  sense.  The  water  and 
certain  salts  of  sodium,  potassium,  calcium,  magnesium,  iron,  and 
perhaps  other  elements  are  absolutely  necessary*  to  maintain  the 
normal  compost t if m  of  the  tissue.  Complete  withdrawal  of  any 
one  of  these  constituents  would  cause  the  deatli  i^f  the  organism. 
Proteids,  fats,  and  carbohydrates,  on  the  other  hand,  are  sul>stance8 
whose  molecules  have  a  more  or  less  complex  structure.  When 
eaten  and  dige.sted  they  ent-er  the  body  liquids  and  are  employed 
either  in  the  synthesis  of  the  more  complex  living  matter,  or  they 
undergo  various  chemical  changes,  spoken  of  in  general  as  metab- 
olism, which   result  finally  in  the  breaking   up  of   their  complex 
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molecules  into  simpler  compounds.  The  chemical  changes  of  metab- 
olism or  nutrition  are,  on  the  whole,  exothennic, — that  is,  they  are 
attendefl  l)y  the  production  of  heat.  Sfinie  of  the  chemical  or  in- 
terna] energ>'  that  held  the  complex  moleculps  together  afisimies  the 
form  of  heat,  or  perhaps  muiicxdar  work,  after  these  molecules  are 
broken  down  to  simpler,  more  stnLtlc  gtnictures,  stich  as  water,  carbon 
dioxid.  and  urea.  I^iteids,  fats,  and  carbohydrates  form  materials 
that  the  tissue  cells  are  adjustetl  to  act  upon  after  they  have  under- 
gone certain  ctianges  during  tligestion.  Otlier  complex  organic 
compounds  containing  chemical  enei^y  are  either  injurious  to  the 
tissues  or  they  have  a  structure  such  tliat  the  tissues  can  not  act  ujxjn 
them.  Such  suljstancGs  can  not  l:>e  considere<l  as  foods  in  the  sc-ien- 
Utic  sense.  When,  therefore,  we  desire  to  know  the  food  vahie  of  any 
animal  or  vegetable  product,  we  analyze  it  to  delemiine  its  com- 
position as  reganls  wat^T,  salts,  proteids,  fats,  and  ^carbohydrates. 
The  following  ta))le  compile<l  by  .Muuk  from  the  analyses  given  by 
Konig*  may  l>e  taken  as  an  iiulicatlon  of  the  average  composition 
of  the  most  commonlv  iisetl  foods : 


Ct^MPOSITION  OF  FOODS. 

CAaBOHTDUTB. 

pt  100  Pabi». 

Water. 

PKOTSID. 

Fat. 

DionriBLa. 

CuxoLoaa. 

Asm. 

Ment 

76.7 

20.  S 

1,5 

0.3 

1.3 

C£«»e 

73.7 

I2.ti 

12.1 

. . . 

1.1 

stwoo 

25-33 

7-30 

a-7 

a-4 

Cows'  milk 

S7.7 

3.4 

3.2 

4.8 

. . . 

0.7 

.S9.7 

2.0 

3.1 

5.0 

0.2 

Wheat  Bout 

13.3 

10.2 

0.9 

74.8 

0.3 

0.5 

Wheat  bread 

35.0 

7.1 

0.2 

55.5 

0.3 

1.1 

Rvc  flour 

13.7 

11,5 

2.1 

09.7 

1.6 

1.4 

Rvo  bread 

42.3 

6.1 

0.4 

49.2 

0.5 

1.5 

Rice 

13.1 
13.1 

10  1 

7.0 
9.9 
9.0 

0.9 
4.f. 
0.3 

77.4 

0S.4 
79.0 

0.5 
2.5 
0.3 

1.0 

Com 

1.5 

Macaroni 

0.5 

Pcaff,  beans,  Icntib* 

12-15 

23-2fl 

lJ-2 

0.2 
0.2 
0.5 

49-54 

4-7 

2-3 

Potatoea 

75.5 

87.1 

90 

2.0 
1.0 
2-3 

20.6 
9.3 
4-6 

0.7 
1.4 
1-2 

1.0 

Cmrrt^la 

0.9 

Cabbage 

1.3 

Mu«hTooms 

73-91 

4-S 

0.5 

3-12 

1-6 

1.2 

Kruit    ... 

84 

0.5 

10 

4 

0.5 

An  examination  of  this  table  shows  that  the  animal  foods,  par- 
ticularly the  meats,  are  characterized  by  their  small  percentage  in 
carl»ohydrate  and  by  a  relatively  large  amount  of  proteid  or  of 
proteid  and  fat.     With  regard  to  the  last  two  foodstuffs,  meats  differ 

•  Sec  KOnig.  "  Die  nicnsohlichen  Nahrunfcs  und  OenuHsmittel " ;  and 
Atwat^r  and  Bryant,  "The  Chemioa!  Composition  of  Ameriraii  Food  Mate- 
rial"." Bulletin  28,  IViite^l  States  Department  of  .\griculture,  1899. 
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The  Chemical  Changes  of  the  Foodstuffs  during  Digestion, 
—The  physiology  of  digestion  consists  chiefly  in  the  study  of  the 
chenaical  changes  that  the  food  undergoes  dming  its  passage  through 
the  alimentan'  canal.  It  happens  that  these  chemical  changes  are 
of  a  j)eculiar  character.  The  j)eculiarity  is  due  to  the  fact  that  the 
changes  of  digestion  are  effectetl  through  the  agency  of  a  group  of 
bodies  known  as  enzymes,  or  unorganized  ferments,  whose  chemical 
action  is  more  ol)scure  than  that  of  the  ordiiiarA-  reagents  with  which 
we  have  to  deal.  It  will  save  repetition  to  give  here  certain  general 
facts  that  are  known  with  reference  to  these  bodies,  resening  for 
later  treatment  the  details  of  the  action  of  the  specifc  enzymea 
found  in  the  different  digestive  secretions. 


I 


ENZYMES  AND  THEIR  ACTION. 

Historical. — The  term  fermentation  and  the  idea  that  it  is 
meant  to  convey  has  varied  greatly  during  the  course  of  >'ears.  The 
wnnl  at  first  was  applied  to  certain  obvious  and  apjiarently  spon- 
taneous changes  in  organic  nmterials  which  are  accompanied  by  the 
liberation  of  bubbles  of  gas:  such,  for  instance,  as  the  alcoholic 
fermentations,  in  which  alcohol  is  formeil  from  sugar;  the  acid  fer- 
mentations, as  in  the  souring  of  milk;  and  the  putrefactive  fer- 
mentations, by  means  of  which  animal  sulxstances  are  tiisiiitegrated, 
with  the  production  of  offensive  odors.  These  mysterious  phenom- 
ena excited  naturally  the  interest  of  investigators,  and  with  the 
development  of  chemical  knowledge  numerous  other  processes  were 
discovered  which  resemble  the  typical  fermentations  in  that  they 
seem  to  be  due  to  specific  agents  whose  niode  of  action  differs  from 
the  usual  chemical  reactions,  especially  in  the  fact  that  the  causa- 
tive agent  itself,  or  the  ferment  as  it  is  called,  is  not  destroyed  or 
used  up  in  the  reaction.  Thus  it  was  discovered  that  germinating 
barley  grains  contain  a  something  which  can  be  extracted  by  water 
and  which  can  convert  starch  into  sugar  (Tvirchhoff,  1S14).  T^ter 
this  substance  was  separated  by  precipitation  with  alcohol  and  was 
given  the  name  of  diastase  (Paycn  and  Persoz,  1S33).  Schwann 
in  1S36  demonstrated  the  existence  of  a  ferment  (f>epsin}  in  gastric 
juice  capable  of  acting  upon  albuminous  substances,  and  a  numl>er 
of  similar  bwlies  were  soon  discovered;  tripsin  in  the  pancreatic 
juice,  amygdalin,  invertin,  ptyalin,  etc.  These  substances  were  all 
designated  as  fennents,  and  their  action  was  compared  to  that  of 
the  alcoholic  fermentation  in  yeast,  the  process  of  putrefaction,  etc. 
Naturally  very  many  theories  have  been  proposed  reganling  the 
cause  of  the  processes  of  fermentation.  For  the  historical  develop- 
ment and  interrelation  of  these  theories  references  must  be  made  to 
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special  works.*  It  ia  aufficient  here  to  say  that  the  bnJIiant  work 
of  Pasteur  established  the  fact  that  the  fermentations  in  the  old 
sense — ak-oholic,  acid,  and  putrefactive — are  due  to  the  presence 
and  activity  of  living  organisms.  He  showed,  moreover,  that 
many  diseases  are  likewise  due  to  the  activity  of  minute  living 
organisms,  and  thus  justified  the  \iew  held  by  some  of  the  older 
physicians  that  there  is  a  close  similarity  in  the  processes  of  fer- 
mentation ami  disease.  The  clear  denionstration  of  the  iiii|x>rtance 
of  living  organisms  in  some  fernientations  an<l  the  equally  clear 
proof  of  the  existence  of  another  group  of  ferment  actions  in  which 
living  material  is  not  directly  concerned  leti  to  a  classification  wliich 
ia  used  even  at  tlie  present  day.  This  classification  divided  fei^ 
ments  into  two  great  gnniiis:  the  living  or  organized  fennents,  such 
as  the  yeast  celK  bacteria,  etc.;  and  the  non-living  or  unox^anized 
ferments,  such  as  pepsin,  trypsin,  etc.,  which  later  were  generally 
designated  as  enzymes  (Kuhne).  The  separation  appeared  to  be 
entirely  satisfactory  until  Buchner  (1897)  showed  that  an  unor- 
ganized fennent,  an  enzyme  (zymase)  capable  of  producing  alcohol 
from  sugar,  may  be  extracted  from  yeast  cells.  Later  the  same 
observer  (1903)  succeeded  in  extracting  enz^Tnes  from  the  lactic- 
acid-producing  bacteria  and  the  acetic-acid-protlucing  bacteria 
which  are  capable  of  giving  the  same  reactions  as  the  living  bacteria. 
These  discoveries  indicate  clearly  that  tiiere  is  no  essential  difference 
between  the  activity  of  living  and  non-living  ferments.  The  so- 
called  organized  ferments  proliably  pnxluce  their  effects  not  by 
virtue  of  their  specific  life-metalmlism,  but  by  the  manufacture 
within  their  substance  of  sjxjcific  enzymes.  If  we  can  accept  this 
conclusion,  then  the  general  explanation  of  fermentation  is  to  l>e 
sought  in  the  nature  of  the  enzymatic  processes.  Within  recent 
years  the  study  of  the  enzymes  has  attracted  especial  attention. 
A  ver>'  large  literature  is  dcvelofnng,  and  the  subject  is  therefore 
correspondingly  difficult  to  jirescnt  in  brief  compass.  The  general 
point  of  view  regarding  the  mode  of  action  of  enzymes  that  is  most 
frequently  met  with  to-day  is  that  ailvocated  especially  by  Oatwald. 
He  assumes,  reviving  an  older  view  (Bexzelius),  that  the  ferment 
actions  are  similar  to  those  of  catalysis.  By  catalysis  chemists 
designated  a  species  of  reaction  which  is  brought  about  by  the  mere 
contact  or  presence  of  certain  sulistances,  the  catalyzers.  Thus, 
hydrogen  and  oxygen  at  ordinary  temperatures  do  not  combine 
to  form  water,  but  if  spongy  platinum  is  present  the  two  gases  unite 
readily.     The  platinum  does  not  enter  into  the  reaction,  at  least  it 


♦Consult  Green,  "Tlie  Soluble  Fem»enU  and  Fennentalioiw, **  1899; 
Effront,*' Enrynies  aiid  their  .Xpplirations"  (translation  liy  Pre?*r<.»tt),  IW)2; 
Oppenheimer,""Die  Fermentc  unJ  ilire  Wirkuni^en,"  sei-ond  edition,  1903; 
ana  Henri,  "Lois  g^^rales  de  I'action  des  diastases,"  1903. 
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undergoes  no  change,  and  it  is  said,  thererore,  to  act  by  catalysis. 
Many  similar  catalytic  reactions  are  known,  and  the  chemists  have 
reacheii  the  important  generahzation  that  in  such  reactions  the 
catalyzer,  platinum  in  the  above  ii\stunce,  simply  hastens  a  process 
which  woiiKl  occur  without  it»  but  much  more  slowly.  A  catalyzer 
is  a  substance,  therefore,  tliat  alters  the  velocity  of  a  reaction, 
but  does  not  initiate  it.  This  idea  is  illustrated  very  clearly  by 
the  catalysis  of  hydn^gen  peroxitl.  This  substance  decomposes 
spontaneously  into  water  and  oxygen  according  to  the  reaction 
H,0,  =>  H,0  +  O,  but  the  decomposition  is  greatly  hiu*tcncd.by 
the  presence  of  a  catalyzer.  Thus,  llredig  has  shown  that  plati- 
num in  very  fine  suspension,  so-calle<l  colloidal  solution,  exerts  a 
marked  accelerating  influence  upon  this  reaction;  one  part  of  the 
culloidal  platinum  to  U50  million  part«  of  water  may  still  exercise  a 
perceptible  effect.  Now,  the  blood  and  aqueous  extrarUs  of  various 
tissues  also  catalyze  the  hydrogen  pero?dd  readily,  and  this  effect 
has  been  attributed  to  the  action  of  an  enzyme  (catalase).  The 
view  has  l>een  proposed,  therefore,  that  the  enzymes  of  the  body 
act  like  the  catalyzers  of  uiorganic  origin :  they  influence  the  velocity 
of  certain  special  reactions.  Such  a  general  conception  as  this 
unifies  the  whole  subject  of  fermentation  and  hoUls  out  the  hope 
that  the  more  precise  investigations  that  are  |:K)8siltle  in  the  case  of 
the  inorganic  catalyzers  will  eventually  Icjit  I  to  a  hetterunderstamling 
of  the  underlying  physical  causes  of  fennentation.  It  should  be 
borne  in  mind,  however,  tliat  some  of  the  best  known  of  the  ferment 
actions  of  the  body,  such  as  the  peptic  or  tryptic  digestion  of  pro- 
teid»  fit  into  this  x-iew  only  theoretically  and  by  analogy.  As  a 
nmtter  of  fact,  albmiiins  at  ordinarv  temperatures  do  not  split  up 
spontaneously  into  the  pnxlucts  formed  by  the  action  of  y^ejjsin; 
if  we  consider  that  the  jx»|)sin  simply  accelerates  a  reaction  already 
taking  place,  it  nmst  l>e  state<l  that  this  reaction  at  ordinar>' 
temix^ratures  is  infinitely  slow, — that  is,  pmctically  does  not  occur. 
At  higher  temperatures,  however,  similar  decompositions  of  al- 
bumin may  l>e  obtained  without  the  presence  of  an  enzyme. 

Reversible  Reactions. — It  has  been  shown  that  under  proper 
comlitions  many  chemical  reactions  are  reversible, — that  is,  may 
take  place  in  opposite  directions.  For  instance,  acetic  acid  and 
etiiyl-alcohol  brought  together  react  with  the  production  of  ethyl- 
acetate  and  water: 

CH,CO()il  +  Cil.OH  =  CH,COOC,H,  +  H,0. 

Aoette  ftciU.  Aloobul.  Ethyl-aceUU.        Wftl«r. 

On  the  other  hand,  when  ethyl-acetate  and  water  are  brought 
together  they  react  with  the  formation  of  some  acetic  acid  uml 
ethyl-alcohol,  so  that  the  reaction  indicated  in  the  above  equation 
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takes  place  in  opposite  directioas,  figuratively  speaking, - 
which  may  be  indicated  by  a  symbol  of  this  kind : 


CH,COOH  +  C,H,OH 


CH^OOC,H,  +  H,0. 


It  is  evident  that  in  a  reversible  reaction  of  this  sort  the  opposite 
changes  will  eventually  strike  an  et|uilibriuin,  the  si^hition  or  mix- 
ture will  contain  some  of  all  four  substances,  and  this  equiiib-j 
riuni  will  remain  constant  as  long  as  the  conditions  are  imchanged. , 
If  the  conditions  are  altered,  however, — if,  for  example,  some  of  the  . 
sulMances  formed  are  removed  or  the  mixture  is  altered  as  to  it3| 
concentration, — then  the  reaction  will  proceed  unequally  in  the  two 
directions  until  a  new  equilibrium  is  established.    The  importance, 
in  the  present  connection,  of  this  conception  of  reversibility  of  reac- 
tions is  found  in  the  fact  that  a  numljer  of  the  catalytic  reactions 
are  also  reversible.     The  catalyzer  ma>*  not  only  accelerate  a  reac- 
tion between  two  substances,  but  may  also  accelerate  the  recom- , 
position  of  the  prinlucts  into  the  original  substances.    An  excellent  I 
instance  of  this  tlouble  effect  has  been  obtained  by  I\astle  and  ] 
Loevenhart  in  ex|)erinients  upon  one  of  the  enzymes  of  the  animal  ; 
body,  liimse.     Lipase  is  the  enzyme  wliich  in  the  body  acts  upon  the 
neutral   fats,  converting   them  into  fatty  acids  and   glycerin, — a 
process  that  takes  place  as  a  usual  if  not  necessary'  step  in  the  dige&- 
tion  and  absorj)tion  of  fats.    The  authors  al>ove  named*  made  use 
of  a  simple  ester  analogous  to  the  fats,  ethyl-butyrate,  and  showed 
that  lip;iae  causes  not  only  an  hydrolysis  of  tliis  suljstance  into  eth>l- 
alcohol  and  butyric  acid,  but  also  a  synthesis  of  the  two  last-named 
substances  into  ethyJ-butyrate  and  water.     The  reaction  effected 
by  the  lipase  is  therefore  reversible  and  may  be  expressed  as: 


c,HtC(>oc,h,  +  H,o  ; 

Ethyl-but>-ra(«.       Water. 


C.H7COOH 
Butyric  acid. 


+  C,H.OH. 

EtbylalcuboL 


4 


Lipase  is  capable  of  exerting  probably  a  similar  reversible  reaction  on 
the  fata  in  the  bmly.  Assuming  the  existence  of  such  an  action  in 
the  Ixjdy,  it  is  possible  to  explain  not  only  the  digestion  of  fats,  but 
also  their  formation  in  the  tissues  and  their  abscjrption  from  the 
tissues  during  stAr\'ation.  That  is,  according  to  the  conditions  of 
concentration,  etc.,  one  and  the  same  enzyme  may  cause  a  splitting 
up  of  the  neutral  fat  into  fatty  acids  and  glycerin  or  a  storing  up  of 
neutral  fat  by  the  synthesis  of  fatty  acid  and  glycerin.  In  the 
subcutaneous  tissues,  therefore,  fat  may  be  stored,  to  a  certain  point, 
or,  if  the  conditions  are  altered,  the  fat  that  is  there  may  l>e  changed  I 
over  to  the  fatty  acids  and  glycerin  and  l>e  oxidized  in  the  body 
food. 

*  Kastle  and  Loevenhart,  "  American  Chemical  Journal,"  24,  4ftl ,  15 
See  aldo  Loevenhart,  *'  American  Physiological  Journal,  '*  0,  331,  1902. 
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A  similar  reversibility  has  Ijeeii  shown  for  jsome  of  the  other 
en2>'ines  of  the  body  (iiialtAse  by  Hill,  1898),  but  whether  or  not  all 
of  them  Hill  l:»e  shown  to  passess  tliis  power  under  the  conditions  of 
temperature,  etc.,  that  prevail  in  the  body  can  only  be  determined 
by  artual  experiments. 

The  Specificity  of  Enzymes. — A  most  interesting  feature  of 
the  ftftivity  of  enzymes  is  that  it  is  specific.  The  enzymes  that 
act  upon  the  carlx)hydrat«s  are  not  capable  of  affecting  the  pro- 
teids  or  fats,  and  ince  versa.  So  in  the  fermentation  of  closely 
related  lK>dies  such  as  the  double  sugars,  the  enzyme  that  acta 
upon  the  maltose  is  not  capable  of  affecting  the  lactose;  each  re- 
quires seemingly  its  own  specific  enzyme.  In  fact,  there  is  no  clear 
proof  tiiat  any  single  enzyme  can  produce  n)are  than  one  kind  of 
ferment  action.  If  in  any  extract  or  secretion  two  or  more  kinds 
of  ferment  action  can  Ijc  demonstrated,  the  tendency  at  present 
is  to  attribute  these  different  activities  to  the  existence  of  separate 
and  specific  enzymes.  The  pancreatic  juice,  for  example,  splits 
proteids,  starches,  and  fats  and  curdles  milk,  and  there  are  rissiuned 
to  be  four  different  enz>*me9  present, — naniely,  tr>'psin,  (iiastase, 
lilMise,  and  rennin.  S<)  if  an  extract  containing  diastase  is  also 
capable  of  decomposing  h\'dr(jgen  fjcroxid  it  is  believeil  that  this 
latter  effect  is  due  to  the  existence  of  a  s|:»ecial  enzyme,  catalase. 
It  seems  quite  probable  that  this  specificity  of  the  different  enzymes 
may  be  relate<l,  as  Fischer*  has  suggested,  to  the  geometrical  struc- 
ture of  the  s«l>stance  acted  iijx>n.  I^ach  ferment  is  adai)ted  to  act 
upon  or  become  atUicheil  to  a  molecule  \^ith  a  certain  dehnite 
structure, — fitted  U»  it,  in  fact,  as  a  key  to  it«  lock.  In  this  respect 
the  action  of  the  so-called  hydrolytic  enzymes  differs  markedly  from 
the  dilute  acids  or  alkalies  which  hydroly  ze  many  different  substances 
without  inrlication  n{  any  sf)ecificity.  Attention  has  been  called  to 
the  fact  tlmt  this  a^laptibility  of  enzymes  to  certain  si^ecilic  struc- 
tures in  the  molecules  acted  upon  resembles  closely  the  s|)ecific 
activity  of  the  toxiiLS,  and  many  useful  and  suggestive  com- 
parisons may  be  dniwn  l»etween  the  mode  of  action  of  enzymes 
and  toxins.  To  how  complete  an  extent  the  idea  of  the  sfjecificity 
the  different  body  enzymes  may  l)e  carried  is  a  nmtter  for  future 
eriments.  At  present  the  tendency  is  to  attribute  each  new  kind 
actiNity  t45  a  different  enzyme,  and  as  a  consetjuence  the  numl)er 
of  chfferent  enzymes  supposed  to  exist  in  the  body  is  increasing 
rapidly  with  the  spread  of  exix^rimental  work. 

Definition  and  Classification  of  Enzymes  (Ferments). — On 
the  basis  of  the  considerations  presented  in  the  preceding  paragraphs 
Opi^ienheimer  suggests  the  follf»\ving  definition:  A  ferment  is  a 
substance,  produced  by  living  cells,  which  acts  by  catalysis.  The 
•Fischer,  "  Zeitiichrift  f .  ()hyaiolog.  Chemie,"  26,  71,  18«8. 
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ferment  itself  rejimins  imchangerl  in  this  process,  and  it  acts  specifi- 
calh', — that  is,  each  ferment  exerta  its  activity  only  upon  substances 
whose  molecules  have  a  certain  definite  structural  and  stereochejnicAl 
arrangement. 

With  regard  to  the  names  and  classification  of  the  different 
enzymes,  numh  difficulty  is  experienced.  There  is  no  consensus 
among  workers  as  to  the  system  to  be  followed.  Duclaux  has  sug- 
gested that  an  enzyme  be  tlesignated  by  the  name  of  the  body  on 
which  it,s  action  is  exerte<i,  and  that  all  of  them  he  given  tlie  termina- 
tion (is€.  The  enzyme  acting  on  fat  on  this  system  would  be  named 
lipase;  that  on  starch,  amylase;  that  on  malt^ise,  maltase,  etc.  The 
suggestion  has  l>een  followed  in  part  only,  the  older  enz>'mes  which 
were  first  discovered  being  refciTcil  to  most  frequently  under  their 
original  names.  An  entirely  satisfactory  classification  is  im|>ossible 
at  present.  Ha\'ing  in  mind  onl}'  the  needs  of  animal  physi- 
olog>%  the  following  classification  will  lie  used  in  the  treatment  of 
the  subjects  of  digestion  and  nutrition: 

1.  Tlie    proteolytic    or    f>n»tei(]-splittiiig  enzjines.     Examples;     pe^tsin 

of  pastric  jiilee,  tn'psjii  uf  jmiicreutir  juice.  They  rau?*e  u  hydn>- 
lytic   cleavage   of  the   proteiU   nioleoule. 

2.  The    aiuylolytic    or    starch-snlUtiiig    enzyme^.-   Kxamples:     ptvalin 

or  salivary  diusta.se,  aiuylopsin  or  ftfuicreatic  iliaata-se.  I'lieir 
action  i»  closely  similar  to  that  of  the  cUissical  enzyme  of  this  f^otip 
— tJiastuse — found  iii  eenninaling  harley  grains.  They  cause  a 
hy*lrol>1in  rienvafie  of  the  starch  molecule. 

3.  The  lipolytic  ur  fat-spliititip   enzymes.     Mxample:     the  lipase  found 

m  the  naiiirciitk*  >eiretioii,  in  the  liver,  connective  tissues,  l>Ioo<l. 
etc.    Tiiey  cause  a  hyilrojytic  rleavage  of  the  fat  molecule. 

4.  The   sugur-splitlinR  enzymes.     These  again   fall  into  two  subgroups: 

(a)  The  inv«*rting  enzymes,  wliirh  convert  the  double  Migwrs  or  di- 
aaccharids  into  the  nionosaccharids.  Kxanif)les:  maltiise,  which 
splits  nmltose  to  dextrose;  inverta-*©,  which  splits  cane-sugar  to 
dextro:-e  and  tevulo?se;  and  lactase,  which  split.s  milk-sugar  (lactose) 
to  dextrose  and  galactose,  (ft)  The  enzymes  whi<-h  split  the  niono- 
Buccharids.  There  is  pviden(*o  of  the  presenr-p  in  the  tissues  of  an 
enzyme  capable  of  splitting  the  sugar  of  the  blood  atxl  tiAsiie« 
(dextrose)  into  lactic  arid. 

5.  Tlie  coagulating  enzyme?,   which   coiivert  soluble  to  insoluble   pro- 

teids.  Kxamplcs:  librin  ferment  (thrond>in  or  thrombaset.  that 
causes  clotting  of  the  blofxl,  and  rennin,  that  causes  cloning  of  milk. 

6.  The  oxidizing  enzyme.s  or  oxidases.     A  group  of  enzymes  which  set 

up  oxidation  processes.  Some  of  the  details  of  the  ai-tivity  of 
these  enzymes  are  considered  in  the  discussion  of  phyitiologicaJ 
oxidations  (p.  833). 

The  enzymes  contained  in  the  first,  second,  third,  and  fourth  (a) 
of  these  groups  are  the  ones  tliat  play  the  chief  itMes  hi  the  digestive 
processes,  and  it  will  be  noticed  that  they  all  act  by  hydroiysts^ — 
that  is,  they  cause  the  molecules  of  the  substance  to  undergo  de- 
composition or  cleavage  by  a  reaction  with  water.  Thus,  in  the 
conversion  of  maltose  to  dextn)se  by  the  action  of  niallase  the  re- 
action may  \)e  expressed  so: 
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^^^™  Mmltutfo.  Dextrow.         Dextrune. 

And  the  hydrolysis  of  the  neutral  fats  by  lipase  may  be  expressed 
so: 
■  C.H>(C,.H^O,),  +  3H,0  =  C,H»(OH),  +  3(C,.H»0,). 

H  In-tearin.  Glycerin.  St«artc  add. 

General  Properties  of  Enzymes. — The  specific  reactions  of  the 
varioiifi  enzymes  of  the  Iwjdy  are  referred  to  under  separate  heails. 
The  following  general  cliaracteristics  may  l>e  noted  briefly : 

SolubUity. — Most  of  the  enzymes  are  solulile  in  water  or  salt 
solutions,  or  in  glycerin.  Hy  these  njeaas  they  may  be  extracted 
convenientiv'  from  the  various  tissues.  In  some  cases,  however,  such 
simple  metluxLs  do  not  suilice;  the  enzyme  is  cJestroyeil  in  the  pnwess 
of  extraction,  and  to  prove  its  prcsc-nce  pieces  of  the  tissue  or  the 
juice  pressed  from  the  tissue  must  l>e  employed. 

Temptraiure. — The  body  enzymes  are  characterized  by  the  fact 
that  they  are  destroj'ed  by  high  temperatures  (60°  C.  to  80**  C.)  and 
tliat  their  cffe<*t  is  retanlal  in  fwirt  or  entirely'  hy  low  temperatures. 
"SUv^x  of  them  show  an  optimum  activity  at  temj^eratures  approxi- 
mating that  of  the  Ixxiy. 

Prvcipiiation, — ^The  enzymes  are  precipitated  from  their  si )luti(jns 
in  part  at  least  by  excess  of  alcohol.  Tliis  j)recipitation  is  freipiently 
used  in  obtaining  [nmfied  specimens  of  enzymes.  The  enzymes, 
moreover,  show  an  interesting  tentlency  t^  Ije  carrietl  down  met^hani- 
cally  by  floccidert  prc^cipitatca  produced  in  their  solutions.  If 
proteid  present  in  the  solution  is  precipitate,  for  instance,  the 
enzymes  may  be  carried  liown  with  it  in  part. 

Imutmplclnuss  of  Uicir  Action. — In  any  given  mixture  of  a 
substance  and  its  enzyme  the  action  of  the  latter  is  not  complete. — 
tliat  is,  all  of  the  sul>8tance  does  not  disappear.  An  explanation  for 
this  fact  has  Ijecn  found  in  tlie  reversibility  of  the  actiim  of  the 
enzyme.  If  the  reaction  proceeds  in  Uitli  directi4m.s,  then  evitlently 
unrler  fixed  conditions  a  final  equilibrium  will  he  reached  in  which 
no  further  apparent  change  takes  place,  although  in  re^ility  the 
condition  is  not  one  of  rest,  but  of  balance  l>etween  opposing  proc- 
esses proceeding  at  a  definite  rate.  Within  the  hoily  itself,  on 
the  contrary,  the  action  of  an  enz3'me  may  be  complete,  since  the 
products  are  removed  by  absorption  and  the  pr^ssibility  of  a  re- 
versed reaction  is  removeii.  In  some  citses — for  instance,  the  ci>- 
agulating  enzymes — the  action  is  apparently  always  complete. 

Active  and  hmciiiT  Form. — In  many  cases  it  can  1^  shown  that 

the  enzyme  exists  within  the  cell  prrxiticing  it  in  an  inactive  form 

\  or  even  when  .secrete*!  it  may  still  be  inactive.     This  antecedent  or 

inactive  stage  is  usually  designateil  as  zi/nu)gen.    The  z>'niogen  niay 

be  stored  in  the  cell  in  the  form  of  granules  which  are  converted  into 
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active  enzyme  at  the  moment  of  secretion,  or  it  may  be  secreted  in 

inactive  form  and  require  the  co-operation  of  some  other  subetauce 
before  it  is  capable  of  effecting  its  normal  reaction.  In  such  cases  the 
second  substance  is  said  to  activate  the  enz>'nie.  -\n  example  is 
found  in  the  case  of  the  trypsin  of  the  pancreatic  secretion. 

P.UiTUL  LIST  OF  THE  ENZYMES  CONCERNED  IN  THE  PROC- 
ESSES OF  DIGI-^STION  AND  NUTRITION. 


i 

s 


Emxtuk. 

'  Plyalin  (sali- 
vary tiiastase. 

A  m  y  I  o  p  s  i  n 
(itaiicreatic 
diustaflc). 

Liver  diastase. 

Inveriase. 
,  Malta.^. 


Lactase. 
Glycolytic? 


1  =  ^    i 


(steap- 


T3 

C 

a 


Lipase 

sin). 

Pepein. 
Trypsin. 

Erepsin. 

Gmujj  of  auto- 
l>'tic  eiuymes. 

Guanaae. 
Adenaae. 

Oxidases. 
Catolase. 


Where  Chieflt 
Found. 

Salivary  secretion. 

Pancreatic  secre- 
tion. 

Liver. 

Smull  intestine. 

Small  intestine,  sal- 
ivary and  pan- 
creatic secre- 
tion, liver. 

Small  intcHtine. 

Muscles? 

Pancreatic  secre- 
tion, fat  tiRSues, 
bloodf  etc. 

Gastric  juice. 
Pancreatic  juice. 


Small  intestine. 
Tissues  generally. 


Thymus,   adrenals, 

J>uiu'reas. 
een,      pancreas, 
liver, 

LungSf  liver. 
Many  tissues. 


Acnox. 

Convert*  starch  to  sufcmr 

( maltase) . 
Con\'ert#  starch  to  sugiif 

(maltose) . 

Converts  glycogen  to  dex- 
trose (maltose). 

Converts  canersu^r  to 
dexlros*e  and  levulose. 

Converts  maltose  Uj  dex- 
trofie. 


Converts  lactose  to  dex- 
trne^  and  f^alactose. 

Splits  and  oxidizes  dex- 
trose. 

Splite  neutral  fats  to  fatty 
acids  and  glycerin. 

Converts  prot<;id:*  to  pep- 
tones and  proteoses. 

Splits  proteidj*  into  sim- 
pler crystalline  prod- 
ucts. 

Splits  peptones  into  aim- 
nler  product*!. 

Split  proicitb  into  nitrog- 
enous buses  and  amido- 
bodics. 

Converts  guantn  to  xan- 

ihin. 
Converts  adenin  to  hypo- 

xanthiu. 

Cause  oxidation  of  organic 

substances. 
Decomposes    hydrogen 

peroxid. 


Chemical  Composition  of  the  Enxymes. — It  was  formerly 
believe*]  timt  the  enzymes  lielong  to  the  group  of  pmteicls.  They 
are  formed  from  living  matter,  aiul  the  solutions  as  usually  pre|>ared 
j^ive  proteid  reactions.  Increased  study, however,  has  made  this  l>e!ief 
imcertain.  The  enzymes  cling  to  the  protcids  when  precipitated, 
and  it  aeenxs  possible  that  the  proteid  reactions  of  their  solutions  may 
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be  due,  therefore,  to  an  incomplete  purification.  In  fact,  it  is  stated 
that  solutions  of  some  of  the  enzymes  ma}-  be  preparetl  {pepsin, 
invertAse,  thrombin)  which  show  ferment  activity;  hut  give  no 
pmteid  reactions.  Much  of  the  oliler  work  ujxui  the  composition  of 
Buppoeedly  jnirified  preparations  of  enzymes  is  not  accepted  to-day, 
on  the  ground  that  the  evidence  for  the  purity  of  the  preparations  is 
insufficient.  In  spite,  however,  of  the  ver>'  great  amount  of  attention 
that  has  l)een  pai<l  to  these  substances  in  recent  years,  there  is  at 
present  no  agreejuent  as  to  their  chemical  structure,  i^otne  au- 
thorities (Arthus)  have  gone  so  far  as  to  suggest  that  the  enzymes, 
or  more  properly  enzyme  actions,  are  not  due  to  definite  material 
nibetances,  but  are  to  be  classified  as  forms  of  energ>'  like  heat, 
electricity,  etc.  The  suggestion  is  not  very  helpful,  but  it  indicates 
forcibly  the  present  uncertainty  regarding  the  real  nature  of  these 
bodies. 


i 


CHAPTER  XTJ. 
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THE  SALIVARY  GLANDS  AND  THEIR  DIGESTIVE 
ACTION. 

The  first  of  the  secretions  with  which  the  food  conies  into  contact 
is  the  siihva.  This  is  a  mixed  secretion  from  the  large  salivan'  glands 
and  the  small  unnamed  mucous  and  serous  glands  that  oj>en  into  the 
month  cavity. 

The  Salivary  Glands. — ^The  salivan'  glands  in  man  are  three 
in  numlier  on  each  side — the  parotitic  the  submaxillan',  and 
the  sublingual.  The  parotid  gland  nommunicates  with  the  mouth 
by  a  large  duct  (Stenson's  duct)  which  opens  upon  the  inner 
surface  of  the  cheek  opiKisite  the  second  molar  tuoth  of  the  upper 
jaw.  'I'he  submaxillar^  gland  lies  below  tiie  lower  jaw.  and  its 
duct  (Wharton's  duct)  oj)ens  into  the  mouth  cavity  at  the  side  of 
the  frenum  of  the  tongue.  The  sublingual  gland  lies  in  the  floor  of  the 
mouth  to  the  side  of  the  frenum  and  ojxnis  into  the  mouth  cavity  by 
a  tumilter  (eight  U*  twenty)  of  small  ducts,  known  as  the  duct*  of 
Rivinus.  One  larger  duct  that  nms  parallel  with  the  duel  of  Whar- 
ton and  opens  seimrately  into  the  mouth  canty  is  sometimes  present 
in  man.  It  is  known  as  the  duct  of  Bartholin  and  occure  nonnaJly  in 
t  he  dog. 

The  course  of  the  nerve  fi!)€rs  supplying  the  large  salivary  glands 
is  interesting  in  view  of  the  physiological  results*  of  their  stimulation. 
The  description  here  given  api>lies  esjjecially  to  their  arrangement 
in  the  dog.  These  glands  receive  their  nerve  supply  from  two  general 
sources, — namely,  the  bulbar  autonomics  {or  cerebral  fibens)  and 
the  sympathetic  autonomics.  The  parotiil  ghmd  receives  it«  bulbar 
autonomic  fibers  from  the  glossopharyngeal  or  ninth  cranial  ner\'e; 
they  pass  into  a  branch  of  this  ner\'e  known  as  the  tympanic 
Ifranch  or  ncne  of  Jacobson,  tlience  to  the  small  superficial  j>e- 
tnisul  nerve,  thmugh  which  they  reach  the  otic  ganglion.  From  tliia 
ganglion  they  pass  (postganglionic  fibers)  by  way  of  the  auricu- 
lotemjxjral  branch  of  the  inferior  maxillar}'  division  of  the  fifth 
cranial  nerve  to  the  parotid  glaml  (Fig.  255).  The  symiiathetic 
autonomics  jiass  to  the  superior  cervical  ganglion  by  way  of  the 
cervical  sympathetic  (Fig.  105)  and  thence  fus  {xxstganglionic  fillers 
in  branches  which  accomjmny  the  arteries  distributed  to  the  gland- 
The  bulbar  autonomic  sui)ply  for  the  submaxillan'  and  sublingual 
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glands  arises  from  the  brain  in  the  facial  nen'eand  passes  out  in  the 
chorda  tynipani  branch  (F"i^.  256).  This  latter  nen^e.  after  emeri^ing 
from  the  tymj>aaic  cavit}'  through   the  Glaserian  fissure,  joins  the 


■  2a5.— Bchematic  repreMU  lAtion  of  the  ooune  of  the  oerebraJ  Ahent  to  th«  parotid  i^iind. 


Ungual  ner\'e.  After  nmning  with  this  ner\'efor  a  short  distance, 
the  secrcton'  (an<l  vasodilator)  nen'c  fil>ers  deslhied  for  thesul>- 
nia:ullar>'  and  subUugual  glands  l>rauch  oil  and  [mas  tu  the  glands, 


Fiip  2fiA. — 6cliaia»Uo  rapmeatAtion  of  the  cuune  nf  tlie  chorda  tympftoi  ocrv«  to  Uw 

submaxilUry  gland. 

follo^^nng  the  course  of  the  ducti?.  Where  the  chorda  tynipani  fibers 
leave  the  lingual  there  is  a  small  ganglion  which  has  received  the 
name  of  subniaxillary'  ganglion.    The  nen'e  fibers  to  the  glands 
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pass  close  to  this  ganglion,  but  I^ngley  has  shown  that  only  those 
destined  for  the  suMingoal  gland  really  connect  with  the  nerve- 
cells  of  the  ganglion,  and  he  suggests,  therefore,  that  it  should 
he  called  tfie  s!d>linjriial  Instead  of  the  submaxillar^'  ganglion.  The 
nerv'e  fillers  for  the  suhinaxillary  gland  make  connections  vnth  nerve 
cells  lying  mainly  within  the  hilus  of  the  gland  itself.  The  supply 
of  sympathetic  autonomics  lias  the  same  general  course  as  those 
for  the  parotid,— namely,  through  the  cer\'ical  sympathetic  to  the 
superior  oer\'ipaI  ganglion  and  thence  to  the  glands. 

Histological  Structure. — The  salivary  glamls  l>elong  to  the  type 
of  com[x>imd  tubular  glanils.  That  is,  the  secreting  portions  are 
tul)tilar  in  slmix*,  although  in  cross-sections  these  tulles  may  pre- 
sent various  outlines  according  as  the  plane  of  the  section  (msses 
tlirough  them.  'I'he  pur<3tid  is  ilescrilied  usual  1}'  as  a  typical  serous 
or  albuminous  gland.  Its  secreting  epitheliiun  is  composed  of  cells 
wliich  in  the  fresfi  condition  iis  well  as  in  presen'Cfl  si.)ecimens  contain 
nuinercjus  fuie  granules  aiul  its  secretifjn  cont-ains  souie  alhuniin. 
The  submaxillaiy  gland  differs  in  histolog>'  in  different  oniinaLs. 
In  some,  as  the  dog  or  cat,  the  secretory  tuljes  are  composed  chiefly 
or  exclusively  of  epithcHa!  cells  of  the  mucous  tj^je.  In  man  the 
gland  is  of  a  mixed  type,  the  secretor>'  tul)ea  containing  l)oth  mucous 
and  albuminous  cells.  The  sublingual  gland  in  man  also  contains 
both  varieties  of  cells,  although  the  mucous  cells  predominate.  In 
accordance  with  these  histological  characteristics  it  is  found  that  the 
secretion  from  the  submaxillan^  and  sublingual  glands  Ls  tliick  and 
mucilaginous  as  compared  with  that  from  the  parotid. 

In  the  niurous  glands  aJinther  ^'ariety  of  cell,  the  so-railed  demilunes  or 
crescent  t^elln,  b*  frequently  met  with,  luid  the  phymoloeioiil -sigiiifirance  of 
these  cells  has  l)een  the  subject  of  much  discussion.  The  demilunes  are 
crescent-shaped,  granular  celL*  lying  Ijetween  the  mucous  cells  and  the  bage- 
ment  membrane,  and  not  in  contact,  therefore,  with  the  central  lumen  of 
the  ti]l>e.  According  to  Ileideuhain,  the>e  demilunes  are  for  the  puq)aBe 
of  replaciug  the  mucoiLs  cells.  In  conse*juence  of  long-continued  activity 
the  mucous  rells  may  disintegrate  and  diwipjieur,  and  the  demilunes  then 
develop  into  new  mucous  cells.  Another  view  w  that  the  demihuies  reproseut 
distinct  3ecret>or>-  celU  of  the  albuminous  tyT)e,  ^vhile  othei^  as$«n  that  tbey 
are  a  specific  tyjie  of  cell  with  probably  specific  functions.* 

The  salivarv'  glands  possess  definite  secretor>-  nerves  which  when 

stimulated  cause  the  formation  of  a  secretion.    This  fact  indicates 

that  there  must  be  a  direct  contact  of  some  kind  between  the  gland 

cells  and  the  terminations  of  the  secretor)'  fibers.    The  ending  of  the 

ncn'C  fillers  in  the  submaxillan^  and  sublingual  glands  has  \jeen  de- 

scriljed  by  a  numl)er  of  obsen'ers.t   The  accounts  differ  somewliat  as 

to  details  of  the  finer  anatomy,  but  it  seems  t*^  be  clearly  establisheti 

that  the  secretorj*  fibers  from  the  chorda  timpani  end  first  around  the 

♦See  Noll,  "Archiv  f.  Phvsiologie, "  1902.  suppl.  volume.  166. 
tSee  Hul>er,  "Journal  of' ICx  peri  menial  Medicine,"  1.  281,  1896. 
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mtrinftic  nerve  ganglion  cells  of  the  glands  (pr^^anglionir  fillers),  and 
from  these  latter  cells  axons  (postganglionic  fillers)  are  distributed 
to  the  secreting  cells,  passing  to  these  cells  along  the  ducts.  The 
ner\'e  fil>er8  terminate  in  a  plexus  ujwn  the  iiieiiibrana  propria  of  the 
aK-coli,  and  from  this  plexus  fine  fibrils  i>ass  inward  to  end  on  and 
between  the  secreting  cells.  It  would  seem  from  these  obserx-ations 
that  the  nerve  fibriLs  do  not  penetrate  or  fuse  with  the  gland  cells, 
as  was  formerly  svipposed,  but  form  a  teniiinal  network  in  contact 
with  the  cells,  following  thus  the  general  schema  for  the  connection 
between  nerve  fillers  and  |>eri|)herul  tissues. 

Composition  of  the  Secretion. — The  sahva  as  it  is  found  in  the 
mouth  is  a  colorless  or  ojmlescent ,  turbid,  and  mucilaginous  liquid  of 
weakly  alkaline  reaction  and  a  specific  gravity  of  about  1.003.  It 
may  contain  numerf)us  flit  cells  derived  from  the  epithelium  of  the 
mouth,  and  the  fxiculiur  spherical  cells  known  ixs  salivar>*  corynisclee, 
which  seem  to  be  alt^^rt^l  leucocytes.  The  important  constituents 
of  the  secretion  are  nuicin,  a  dinstatic  enayme  known  as  ptyalin. 
maltaae,  traces  of  proteid  and  of  ]x>tassium  fluiph<H>yanid,  and 
inorganic  salts  such  as  ]x)tassium  and  sodium  chlorid,  potassium 
sulphate,  8(Klium  carlx»nate,  and  calcium  carbonate  and  pho.sphate. 
The  carlx)nates  are  particidarly  abundant  in  the  saliva,  and  the 
secretion  in  addition  contains  much  carbon  dioxid  in  solution.  Thus, 
Milger  found  that  65  volumes  per  cent,  of  CXJ,  might  l>e  obtained 
from  the  saliva,  of  which  42.5  i^er  cent,  was  in  the  fonn  of  carlwin- 
atee.  The  amount  of  CO,  in  solution  and  combhicd  ia  an  inilication 
of  the  active  chemical  changes  in  the  gland. 

Of  the  organic  constituents  of  the  saliva  the  proteid  exists  in 
small  and  variable  quantities,  and  its  exact  nature  is  not  determined. 
The  murin  gives  to  the  saliva  its  ropy,  mucilaginous  character. 
This  substance  belongs  to  the  group  of  combineti  proteids,  glyco- 
proteida  (see  appendix),  consisting  of  a  proteid  combined  with  a 
carbohydrate  group.  The  most  interesting  constituent  of  the  mixed 
aaliva  is  the  ptyalin  or  8alivar>-  diastase.  This  lx)dy  belongs  to  the 
group  of  enzymes  or  unorganized  ferments,  whose  general  and  specific 
properties  have  been  licscribed.  In  some  animals  (dog)  ptyalin 
seems  to  be  normally  aljsent  from  the  fresh  saliva. 

The  secretions  of  the  jjarotid  and  the  submaxillar%-  glands  can  l>e 
obtained  separately  by  inserting  a  cannula  into  the  oiwnings  of  the 
ducts  in  the  mouth,  or,  according  to  the  method  of  Paw  low,  by  trarue^- 
ferring  the  end  of  the  duct  so  that  it  opens  upon  the  skin  instead  of 
In  the  mouth,  making  thus  a  salivarv  fistula.  The  secretion  of  the 
sublingual  can  only  be  obtaine<l  in  sufficient  quantities  for  analysis 
fn>m  the  lower  animals.  Kxamination  of  the  separate  secretions 
shows  that  the  main  difference  lies  in  the  fact  that  the  parotid  saliva 
contains  no  mucin,  while  that  of  the  submaxillarv'  and  especially  of 
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the  sublingual  gland  is  rich  in  mucin.  The  parotid  saliva  of  man 
seems  to  be  fMirtirularly  rich  in  ptyalin  as  comparwl  with  tliat  of  the 
submaxillary,  while  the  ^x-retion  of  rhe  hitter  an*l  that  of  the  sub- 
liug:ual  plant!  give  a  stronger  alkaline  reaction  than  the  parotid  saliva. 

The  Secretory  Nerves. — ^The  existence  of  secreton'  nerves  to  the 
salivary'  glands  wi\s  di.spovereii  by  Ludwig  in  ISol.  The  discoven*  is 
particularly  interesting  in  that  it  marks  the  beginning  of  our  knowl- 
edge of  this  kiml  of  nerve  fii)er.  Ludwig  fnund  tlial  stimulation  of 
the  chorda  tyini>ani  iier\'e  causes  a  fiovv  of  saliva  from  the  submaxil- 
lary gland.  He  established  also  several  important  facts  with  regard 
to  the  pressure  and  composition  of  the  secretion  which  will  be  referretl 
to  presently.  It  was  afterward  shown  that  the  salivan'  glands  rw^eive 
a  double  nerve  supply. — in  iMirt  by  way  of  the  cer\'icAl  sym|iathetic 
and  in  part  through  cerebral  nerves.  It  was  discovered  also  that 
not  only  are  secretory  fibers  carried  to  the  glands  by  these  paths, 
but  that  \^afitomotor  fi^>ers  are  containetJ  in  the  same  ner\'es, 
and  the  arrangement  of  these  latter  fibers  is  such  that  the  cerebral 
nerves  contain  vasotlilator  fibers  that  cause  a  dilatation  of  the  small 
arteries  in  the  glandfl  and  an  accelerated  blood-flow,  wliile  the  s>'m- 
imthetic  carries  vasficonstrictor  fillers  wliose  stimulation  causes  a 
constriction  of  the  small  arteries  and  a  tliminishefl  blood-flow.  The 
effect  of  stinnilating  these  two  sets  of  fibers  is  fouml  to  var>'  somowliat 
in  different  animals.  For  purposes  of  description  we  may  confine 
ourselves  to  the  effects  nbsen'eil  on  dogs,  since  much  of  our  funda- 
mental knowledge  upon  the  subject  Ls  derive*l  from  Heidenhain's* 
exjjeriments  upon  this  anunah  If  the  cfionla  tympani  nerx'e  is 
stimulated  in'  weak  induction  shocks,  the  glaml  l>e^ns  to  secrete 
promptly,  and  the  secretion,  l)y  projier  regulation  of  the  stimulation, 
may  be  kept  up  for  liours.  The  secretion  thus  obtained  is  thin  and 
water}',  flows  freely,  Ls  abtmdant  in  amount,  and  contains  not  more 
than  1  or  2  per  cent,  of  total  s(>lids.  At  the  same  time  tliere  Ls  an 
increased  flow  of  blood  through  the  gland.  The  whole  gland  takes 
on  a  reilder  hue,  the  veins  are  distended,  and  if  cut  the  blood  tlmt 
flows  from  them  is  of  a  reihler  rolor  than  in  the  resting  gland,,  and 
may  show  a  distinct  pulse — all  of  which  i>oint8  to  a  dilatation  of  the 
small  arteries.  If  now  the  sympathetic  fibers  are  stimulated,  quite 
different  results  are  obtained.  The  secretion  is  relatively  small  in 
amount,  flrnvs  slowly,  is  thick  antl  turbid,  and  may  contain  as  much 
as  6  per  cent,  of  total  solids.  At  the  same  time  the  gland  l>ecomes 
pale,  and  if  the  veins  be  cut  the  flow  from  them  is  slower  than  in 
the  resting  gland,  thus  indicating  that  a  vasoconstriction  has 
occurreii. 

The  increased  vascidar  supply  to  the  gland  accompanying  the 

*  "  Pfliiger's  Arc!iiv  fur  die  gesammte  PhvHioIogie,"   17,   1,   1878;    also 
m  Hermann'^  "  Handbuch  der  Physiologie, "  1883,  vol.  v,  part  i. 
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abundant  flow  of  "chorda  saliva"  and  the  diminished  flow  of  blood 
during  the  scanty  secretion  of  ^'sympathetic  saliva"  surest  iiatiirally 
the  idea  that  the  whole  jm^oess  of  secretion  may  W,  at  iKvttoni,  a 
vasomotor  phenomenon,  the  amount  of  secretion  dejjeiuJing  onl>'  on 
the  quantity  and  pressure  of  the  l>lo<Ki  flowing  thnnigh  the  ^land. 
It  has  l»een  shown  ctmflu.sively  that  thi;^  ide^i  in  emjnetnis  and  that 
definite  siecretor>'  fibers  exist.  The  following  fact-s  nmy  Ive  fpicited 
in  support  of  this  statement:  <I)  Ludwig  showed  that  if  a  mercur\' 
manometer  is  connectetl  with  the  duct  of  the  submaxillar}'  gland  and 
the  chorda  is  then  stimulate<l  for  a  cert^un  time,  the  prt^ssui^e  in  the 
duct  may  become  j^reater  than  the  blood-jiressure  in  the  ^land. 
This  fact  shows  that  the  secretion  is  not  derived  entirely  l>y  prcfcesses 
of  filtration  from  the  hlood.  (2)  If  the  blood-flow  Ijc  shut  off 
completely  from  the  gland,  stimulation  of  the  chorda  still  gives  a 
accretion  for  a  short  time.  (:i]  U  atntpin  is  injectetl  into  the  glan<l, 
stimulation  of  the  ehonJa  causes  vascuhir  dilut^ition,  hut  no 
secretion.  This  may  be  explained  hy  siipfHjsinjj  that  the  atropin 
paralyzes  the  secretor>%  hut  not  the  dilutor,  filjers.  (4)  Hydro- 
chlorate  of  quinin  injected  int<i  the  gland  causes  vascular  dilatation, 
hut  no  Ftecretion.  In  this  case  the  secretory'  fibers  are  still  irritjdJe, 
since  stimulation  of  the  chorda  gives  the  usual  secretion. 

A  still  more  markt^il  dilTerence  lx?tween  the  effect  of  stimulation 
of  the  cerebral  and  the  symimtlietic  fibers  may  l>e  oliserved  in  the  case 
of  the  panitid  gland  in  the  dog.  Stimulation  of  the  (■erel)ral  fibers 
alone  in  any  part  of  their  course  gives  an  abun4lant,  thin,  and  water\' 
aahva.  poor  in  soHd  constituents.  Stimulation  of  the  sympathetic 
fibers  alone  (provide<l  the  cerebral  fillers  have  not  been  stim- 
ulated shortly  l>efore  and  the  tympanic  ner%e  has  l^een  cut  to 
prevent  a  reflex  effect)  gives  usually  no  ])erccptible  secretion  at  all. 
But  in  this  la5t  stimulation  a  marketl  effect  is  produced  upon  the 
gland,  in  spite  of  the  al^»sence  of  a  visible  secretion.  This  is  shown  by 
the  fact  that  sul>sec|uent  or  simultaneous  stimulation  of  the  cerebral 
fillers  causes  a  set*retion  verv'  milike  that  given  by  the  cerebnd  filers 
alone,  in  that  it  is  very  rich  indeed  in  organic  constituents.  The 
amount  of  organic  matter  in  the  eecretion  may  l)e  tenfold  that  of  the 
sahva  obtained  by  stimulation  of  the  cerebral  fibers  alone. 

Relation  of  Oie  ComjMisition  of  Oie  Secretion  to  tfic  Strength  of  Stimv- 
lation. — If  the  stimulus  to  the  chonla  is  gradually  increased  in 
strength,  care  being  taken  not  to  fatigue  the  gland,  the  chemical 
composition  of  the  secretion  is  found  to  change  with  regard  to  the 
relative  amounts  of  the  water,  the  salts,  and  the  or^ganic  material. 
The  water  and  the  salts  increase  in  amount  with  the  increased 
strength  of  stimulus  up  to  a  certain  maximal  Ihnit.  which  for  the 
salts  is  about  0.77  per  cent.  It  is  impt>rtant  to  obser\'e  that  this 
effect  may  be  obtained  from  a  perfectly  fresh  glanti  as  well  as  from  a 
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gland  which  had  previously  been  secreting  actively.  With  regard 
to  the  organic  constituents  the  precise  result  obtained  dei:)ends  on 
the  condition  of  the  glaniL  If  previous  to  the  stimulation  the  giand 
wag  in  a  resting  condition  and  unfatigued,  then  increased  strength 
of  stimulation  is  followed  at  first  l)y  a  rise  in  the  percentage  of  organic 
constituents,  and  this  rise  in  the  beginning  is  more  marked  than  in 
the  case  of  the  salts.  But  with  continuetl  stimulation  the  increase 
in  organic  niateriiil  soon  ceases,  and  finally  the  amount  begins  actually 
to  dinunish,  and  nmy  fall  to  a  low  point  in  spite  of  the  stronger 
Btimulation,  On  the  other  hand,  if  the  glantl  at  the  beginning  of  the 
experiment  hatl  been  previously  worketl  to  a  considerable  extent, 
then  an  increase  in  the  stimulating  current,  wliile  it  augments  the 
amount  of  water  and  salts,  either  may  Irnve  no  effect  at  all  upon  the 
organic  constituents  or  may  cause  only  a  temporary'  increase,  quickly 
followed  by  a  fall.  Similar  results  may  be  obtained  from  stimulation 
of  the  cerebral  nerves  of  the  parotid  gland.  The  above  facts  led 
Hcidciihaiii  to  l>elieve  that  the  oonditions  determining  the  secretion 
of  the  organic  material  arc  different  from  those  controlling  the  water 
and  salts,  and  he  gave  a  rational  explanation  of  the  differences 
observed,  In  \m  the<jr>'  of  tn)phic  and  secretor>'  filiers. 

Theory  of  Trophic  and  Secretory  Nerve  Fibers. — ^This  theory 
supposes  that  two  physiological  varieties  of  ncr^'e  fibers  are  distrib- 
uted to  the  salivar>'  glanris.  One  of  these  varieties  controls  the 
secretion  of  the  water  and  inorganic  salts  and  its  fibers  may  be  called 
secretor>'  fillers  prof)er,  while  the  other,  to  which  the  name  trophic 
is  given,  causes  the  fonnation  of  the  organic  constituents  of  the  secre- 
tion, proljably  by  a  direct  influence  on  the  metabolism  of  the  cells. 
Were  the  tn)phic  fiioers  to  act  alone,  the  oi^anic  products  would  be 
fonned  within  the  cell,  but  there  would  l>e  no  visible  secretion,  and 
this  is  the  hypothesLs  which  Heidenhain  uses  to  explain  the  residts  of 
the  experiment  described  al>ove  upon  stimulation  of  the  s^'^mpathetic 
fibers  to  the  parotid  of  the  dog.  In  this  animal,  apparently,  the 
sympathetic  branches  to  the  parotid  contain  exclusively  or  almost 
exclusively  trophic  fibers,  while  in  the  cerebral  branches  both  trophic 
and  secretory  fillers  proper  are  present.  The  results  of  stimidation 
of  the  cerebral  and  s>Tnpathetic  branches  to  the  submaxillan'  gland 
of  the  same  animal  may  be  explained  in  terms  of  this  theory  by 
supposing  that  in  the  latter  ner\'e  trophic  fibers  preponderate,  and 
in  the  former  the  secretory  fil)ers  proper. 

It  is  obvious  that  this  anatomical  separation  of  the  two  sets  of 
fibers  along  the  cerebral  and  8\mpathetic  paths  may  be  open  to 
individual  variations,  and  that  dogs  may  be  found  in  wliich  the  sym- 
pathetic branches  to  the  parotid  glands  contain  secretor>'  fillers 
proper,  and  therefore  give  some  flow  of  secretion  on  stmmlation. 
These  variations  might  also  be  expected  to  he  more  marked  when 
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animals  of  different  grou])S  are  compared.  Thus,  Langley*  finds  that 
in  cats  the  syuij^iithetic  saliva  from  the  suliinaxiJIan-  gland  is  less 
xificid  than  the  tdiortia  saUva, — just  the  reverse  of  what  occurs  in  the 
dog.  To  apply  Heidenhain's  theun'  ti)  thia  case  it  is  necessar}'  to 
asBume  that  in  the  cat  the  troplue  libei>>  run  cliiefly  in  the  chorda. 

An  interesting  fact  witJi  reference  to  the  secretion  of  the  parotid  in  tings 
htf  l>een  noted  by  Langley,  »iul  is  of  .^ijeciiil  interest,  .nLnce,  althnnph  it  nmy 
be  reconciled  with  tli©  theory  of  trophir  and  secretory  fil*erv,  it  i;^  at  tho  .suiue 
tinie  suKKeetive  of  aa  iiu-otii|]lelene.ss  in  thi>4  tlieorv.  As  has  Ijcen  ^^aid,  stiniu- 
laiion  «  the  ?ympallieti(;  in  the  dog  muses  usually  no  .*<e<'retion  from  tlie  pa- 
rotid. Langleyt  finds,  however,  that,  if  the  tympanic  nerve  iitntininlatcjl  just 
pre^'ioa-^ly,  .stimulation  of  the  syinpalhetic  cau.se^  an  aliundunt,  but  brief, 
flow  from  the  jwiroLid.  One  may  explain  this  in  terin.s  of  I  he  theor>-  by  as- 
suming that  the  Mvmpalhetic  does  contiiin  a  few  secret or>'  fiborw  pn>i>er,  but 
timt  onlinarily  their  action  i.s  too  feeble  to  start  Ihe  flow  of  water.  Pre- 
\ioii?  stimulation  of  the  tympanic  ner\'e,  however,  leaves  tlie  gland  cells 
in  a  more  imtable  condition,  so  that  the  few  secretory  filjerH  proper  in  the 
sympathetic  branches  are  now  efliective  in  producing  a  flow  of  water. 

Tlie  way  in  which  the  trophic  fibers  act  hivs  lycvn  hriefiy  indicated. 
They  nmy  be  supfx)8ed  to  set  up  nietaboli*'  dmnges  in  the  protoplasm 
of  the  cells,  leading  to  the  fommtlon  of  certain  definite  products,  such 
as  mucin  or  ptyalin.  That  such  changes  do  occur  is  abundantly 
shown l)y  niicn»scoi)ical  examination  of  the  resting  and  the  active 
gland,  the  details  of  which  will  be  given  presently.  In  general,  these 
changes  may  l>e  supfM>8Ctl  to  Ik?  catabolic  in  nature;  that  is,  to  consist 
in  a  disassociation  or  breaking  down  of  the  eoiuplex  living  material, 
with  the  formation  of  the  simpler  and  more  stable  oi^anic  con- 
stituents of  the  secretion.  Then?  is  evidence  to  show  that  these 
glantl  cells  during  activity  form  fresh  material  from  the  nourishment 
mipplieti  by  the  bloo<i;  that  is,  that  anabohc  or  building-up  processes 
occur  along  with  tl»e  catal«^lif  changes.  The  latter  are  the  more 
olnioits,  and  are  the  changes  which  are  usually  lussociated  with  the 
action  of  the  tmphic  nerve  fil>ers.  It  is  possible,  also,  that  the  ana- 
bolic or  growth  clianges  may  be  imder  the  control  of  separate  fil)ere, 
for  which  the  name  analwlic  fibers  would  l>e  appropriate.  Satis- 
factory proof  of  the  existence  of  a  separate  set  of  anabolic  fibers  has 
not  yet  been  fimiished. 

I  he  mcthoti  of  action  of  the  secn^tory  fibers  proper  is  difficult  to 
understand.  At  prew^nt  the  theories  suggested  are  entirely  specula- 
tive. Heidenhain's  own  view  rests  u{>t)n  the  fact  that  no  more  water 
leaves  the  bloo*!  capillaries  than  aftenaanls  apix?ar8  in  the  secretion ; 
that  is,  no  matter  how  long  the  secretion  continues,  the  gland  does 
not  become  e<]ematous  nor  does  the  velocity  of  the  lymph-stream  in 
the  lymphatics  of  the  gland  increase.  'Hus  Ijeing  the  case,  we  must 
suppose  that  the  stream  of  water  is  regidated  by  the  secretion,  that 
IBi  by  the  activity  of  the  gland-cells,     if  we  suppose  that  some  con- 
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stituent  of  these  cells  has  an  attraction  for  water,  or,  to  use  the 
modern  expression,  exerts  a  high  osmotic  pressure,  then,  while  the 
glarul  is  in  the  resting  state,  wat^r  will  tliffnse  first  fmm  the  base- 
ment membrane,  this  in  tuni  supplies  its  [ass  from  the  surrounding 
h'm)>h,  and  the  lymph  obtains  the  same  amount  of  water  from  the 
blood.  As  the  amount  of  wator  in  the  cell  increases  a  point  is  reached 
at  which  an  equilibrium  is  established,  and  the  osmotic  stream  from 
blood  to  cells  comes  to  a  standstill.  The  water  in  tlie  cells  does  not 
escape  into  the  huiicn  of  the  tulnilc  or  of  the  secretion  capillaries, 
because  the  pjeripherj'  of  the  cell  is  modified  to  form  a  la\'er  offering 
considerable  resistance  to  filtration.  The  action  of  the  secretory 
fibers  proper  consists  in  so  altering  the  structure  of  tliis  limiting  layer 
of  the  cells  that  it  offers  less  resistance  to  filtnition;  consequently 
the  water  under  tenmon  in  the  cells  escapes  into  the  lumen,  and 'the 
osmotic  pressure  of  its  subst^iiico  again  starts  a  stream  of  water 
from  capillaries  to  cells,  which  continues  as  long  as  the  nerve-etimu- 
lation  is  effective. 

Histological  Changes  during  Activity, — The  cells  of  both  the 
albuminous  and  mucous  glanrls  undergo  distinct  histological  changes 
in  consequence  of  prolonged  activity,  and  these  changes  may  be 
recognized  both  in  prejiarations  from  the  frpj?h  gland  and  in  preserved 
specimens.  In  the  j>arotid  gland  Heidenhain  studied  the  changes  in 
stained  sections  after  liardening  in  alcohol.  In  the  resting  gland 
the  cells  are  compactly  fille<l  with  granides  that  stain  readily  and  are 
imbedded  in  a  clear  ground  substance  that  does  not  stain.  The 
nucleus  is  snmll  and  more  or  less  irregular  in  outline.  After  stunula- 
tion  of  the  tymj>anic  nerv^e  the  cells  show  liut  little  alteration,  but 
stijnulation  of  the  sympathetic  produces  a  marked  change.  The 
cells  Ijecome  smaller,  the  nuclei  more  rounded,  and  the  granules 
more  closely  packed.  This  last  appearance  seems,  however,  to  be 
due  to  the  hardening  reagents  used.  A  truer  picture  of  what  occurs 
may  be  obtained  from  a  study  of  sections  of  the  fresh  gland.  I^ang- 
ley,*  who  first  used  this  method,  dt\scril>es  his  results  as  follows: 
When  the  animal  is  in  a  fasting  conrlition  the  cells  have  a  granular 
appearance  throughout  their  substance,  the  outlines  of  the  different 
cells  being  faintty  marked  by  light  lines  (Fig.  257.  -4),  When  the 
gland  is  made  to  secrete  by  gi\'ing  the  animal  food,  by  injecting 
pilocarpin,  or  by  stimulating  the  s>'mpathetic  ner\'es,  the  granules 
begin  to  i^aappear  from  the  outer  borders  of  the  cells  (Fig.  257.  B), 
so  that  each  cell  now  shows  an  outer,  clear  bonier  and  an  inner, 
gninular  one.  If  the  stimulation  is  continued  the  granules  become 
fewer  in  number  and  are  collected  near  the  lumen  and  the  margins  of 
the  cells,  the  clear  zone  increases  in  extent,  and  the  cells  l>econie 
smaller  (Fig.  257,  C,  D).  E\idently  the  granular  material  is  used 
♦  "Journal  of  Physiology,"  2,  260,  1879. 
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in  some  way  to  make  the  oi^nic  material  of  the  secretion.  Since  the 
ptyalin  is  a  conspicuous  organic  constituent  of  the  secretion,  it  is 
assumed  that  the  ^mnules  in  t!ie  renting  glantl  contain  the  ptyalin, 
or  rather  the  prcliniimir>'  matOTril  froiu  which  the  ptyalin  la  con- 
structed during  the  act  of  secretion.  (Jn  this  latter  assumption  the 
granules  are  frequently  spoken  of  as  zymogen  granules.  During  the 
act  of  secretion  two  distinct  processes  seem  to  h>e  going  on  in  the  cell, 
leaving  out  of  considemtion,  Uiv  the  moment,  the  secretion  of  the 
water  and  the  salts.  In  the  first  place,  the  zymogen  granules  undergo 
a  change  such  that  they  are  fnrccfl  or  dissolve*.!  out  of  the  cell,  and, 
aecond,  a  constructive  metabolism  or  anabolism  is  set  up,  leading  to 


i^ 


n^.  257. — Paroticl  ^aad  of  the  mbbit  in  »  freah  aiat«.  sbowins  poriionn  of  tbo  necral- 
£jiC  tubulea:  A,  la  m  re»ttn^  condition;  B,  mtter  f««retion  c&u.<wd  t>y  pUocarptn;  C.  after 
vstn-anerr  aecrvtion,  piloc&rpin  and  :-ttn)iilation  of  sjtzipathciic:  />,  after  loos-continueil 
^ctimmation  of  sympathetic. — (After  Langley.) 


the  formation  of  new  protoplasmic  material  from  the  substances 
contained  in  the  hliMKl  and  lymph.  The  new  material  thus  formed 
is  the  clear,  non-gran\ilar  substance,  which  appears  first  toward  the 
basal  sides  of  the  cells.  We  may  suppose  that  the  clear  substance 
during  the  resting  periods  undergoes  metal>olic  changes,  whether 
of  a  cjitabolic  or  analxilic  chamcter  can  not  l>e  safely  asserted,  leading 
to  the  fonnation  of  new  granules,  and  the  cells  are  again  ready  to 
form  a  secretion  of  normal  comix)sition.  It  should  l>e  l>ome  in  mind 
that  in  these  experiments  the  glands  were  stinmlated  l>eyond  nonnal 
limits.  Under  onlinary  conditions  the  cells  are  probably  never 
deplcte<l  of  their  granular  material  to  the  extent  represented  in  the 
figures. 
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Flc.  358. — MucoUft  gltuid:  »ubinAxilUry  of  dog;  rMt- 


In  the  celb  of  the  mucous  glands  changes  equally  marked  may  be 
observed  after  prolonged  acti\ity.  In  stained  sections  of  the  restii^ 
gland  the  cells  are  large  and  clear  (Fig.  25M),  with  flattened  nudei 
places  1  well  toward  the  base  of  the  cell.  When  the  gland  is  made  to 
secrete  the  nuclei  become  more  spherical  and  lie  more  toward  the 

middle  of  the  cell,  and 
the  cells  themselves  Ijc- 
come  distinctly  smaller. 
After  prolonged  secretion 
the  changes  l)ecome  roorej 
marked  (Fig.  259)  and 
according  to  Heidenhain^l 
some  of  the  mucous  cells 
may  break  down  com- 
pletely. Acoonling  toj 
most  of  the  later  observ- 
ers, however,  the  mucous 
cells  do  not  actually  dis- 
integrate, but  form  again^ 
new  material  during  the 
period  of  rest,  as  in  tlie 
case  of  the  goblet  cells  of  the  intestine.  In  the  mucous  as  in  the 
albimiinous  cells  ol)ser\'ations  upon  pieces  of  the  fresh  gland  seem 
to  ^ve  more  reliable  results  than  tl^^se  ujxjn  preserved  8|)ecimens. 
1-angloy*  has  shown  that  in  the  fresh  mucous  cells  of  the  submax- 
illan'  gland  numerous  large  granules  may  be  discovered,  about  125 
to  250  U)  a  cell.  These 
gmnules  are  comparable  to 
those  found  in  the  goblet 
cells,  and  may  be  inter- 
preted as  consisting  of  mu- 
cin or  some  prepamtor^' 
materiul  from  wliich  mucin 
is  formed.  The  granules 
are  sensitive  to  reagents; 
addition  of  water  causes 
them  to  swell  up  and  dis- 
ap|>ear.  It  may  be  av 
sumcd  that  thi.s  happens 
during  secretion,  the  gran- 
ules becoming  converted  to  a  mucin  mass  which  is  extruded  from 
the  cell. 

Action  of  Atropin,  Pilocarpin,  and  Nicotin  upon  the  Secre- 
tory Nerves. — 'I'Ik*  actiim  of  drugs  upon  the  salivar}'  glands  and 
♦"Journal  of  Physiology."  10,  433,  1889. 
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their  secretions  belongs  properly  to  phammcolog>',  but  the  effectfi 
of  the  three  drugs  mentioned   are  so   tiet'ide*!   that   they   have  a 
peculiur    pliysiologicul   interest.      Atnipiu   in    small    do8<*8  injected 
cither  into  the  bloo<,l  or  into  the  gland  duct  i*revents  the  action  of 
the  cerebral  autonomic  fillers  (tympanic  nerve  or  chorda  tympani) 
upon  the  glands.    This  effect  may  be  explained  by  assuming  that 
Uie  atrupin  i>aralyzetj  the  endings  of  the  cerebral  filiers  in  the  glands. 
That  it  does  not  act  directly  upon  the  gland  cells  themselves  seems 
to  be  assured  by  the  interesting  fact  that,  with  doses  sufficient  to 
throw  out  entirely  the  secreting  action  of  the  cerebral  fibers,  the 
fl>Tnpathetic  fibere  are  still  effective  when  8tinuilate<l.     Pilficarpin 
has  directly   the  opjxjsite  effcH-L  to  utnipin.     In  minimal  doses  it 
seta  up  a  continuous  secretion  of  saliva,  wJtich  may  lie  explained  upon 
tJie  supposition  tliat  it  stimulates  the  emlings  of  the  secretorj'  fillers 
in  the  gland.     Within  certain  limits  these  drugs  antagonize  each 
other. — tliat  is.  the  effect  of  jiilocarpin  may  l)e  removed  by  the  suIj- 
eequent  application  of  atrupin,  and  lixx  irrsa.     Nicotin,  according 
to  the  experiments  of  I-angley,*  prevents  the  action  of  the  secretory 
ner^'cs,  not  In-  affecting  the  gland  cells  or  the  endings  of  the  nerve 
fibers  around  them,  but  by  paralyzing  the  connectioas  l>etween  the 
nerve  fil>ers  and  the  ganglion  cells  thmugh  which  the  fil)ers  jiass  on 
their  way  U*  the  gland. —  that  is,  the  coruiection  between  the  pre- 
ganglionic and  postganglionic  fibers.     If,  for  example,  the  superior 
cervical  ganglion   is  painted  with  a  solution  of  nicotin.  stimulation 
of  the  cenncal  sy  mjMithetic  below  the  gland  gives  no  secretion ;  stim- 
uhition.  however,  of  the  fil>ers  in  the  ganglif)n  or  l^tween  the  ganglion 
and  gland  gives  the  usual  effect.     \W  the  xan'.  of  this  dnig  L.angley  is 
led  to  believe  that  the  cells  of  the  so-called  submaxillars-  ganglion 
are  really  intercalated  in  the  course  of  the  fibers  to  the  sublingual 
gland,  while  the  ner\'e  cells  \nth  which  the  submaxillar\*  filx-re  make 
connection  are  foutid  chiefly  in  the  hilus  of  the  gland  itself. 

Paralytic  Secretion. — A  remarkable  phenon»enon  in  connection 
with  the  s^diva^^•  glaoils  is  the  so-c-alled  jmralytic  secretion.  It  has 
been  known  for  a  long  lime  that  if  the  chonia  tympani  ia  cut  the 
submaxillar)'  gland  after  a  certain  time,  one  to  three  days,  V)egin8  to 
secrete  slowly,  and  the  secretion  continues  unintemiptetlly  for  a  bng 
perio<i — as  long.  perha{)S,  as  several  weeks — and  eventually  the  gland 
itaelf  tmdergm»s  atropliy.  I^ngley  states  that  section  of  the  chorda 
on  one  side  is  followetl  by  a  continuous  secretion  from  the  glands 
on  both  sides;  the  secretion  from  the  gland  of  the  opposite  side  he 
designates  as  the  antiparalytie  or  antilytic  secretion.  After  section 
of  the  chorda  the  ner\'e  fil>er8  peripheral  to  the  section  degenerate, 
the  process  Ix^ing  completed  within  a  few  days.  These  fil)ers,  how- 
ever, do  not  run  directly  to  the  gland  cell;  they  terminate  in  end 
•  "  Prtx-eediiiR*  of  the  Koyal  Society,"  London,  46,  423,  18S9. 
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arlwrizatioiis  around  aympatlietic  iien'e  cells  placed  somewhere  along 
their  course, — iu  the  sublingual  ganglion,  for  instance,  or  witJiin  the 
gland  substanre  itself.  It  is  the  axons  from  these  second  nerve  units 
that  end  amuntl  the  secreting  cells.  Langley  has  aeeumulate<l  some 
facti?  to  show  that  within  the  period  of  continuance  of  the  pamh'tic 
secretion  (Hve  to  six  weeks)  the  fibers  of  the  sympathetic  cells  are 
still  irrital  )le  to  stimulation.  He  is  inclined  to  l)elieve,  therefore,  that 
the  contimious  secretion  is  due  to  a  continuous  excitation,  from  some 
cause,  of  the  htcul  nervous  mechanism  in  the  gland.  On  the  histo 
logical  side  it  is  stated*  that  after  section  of  the  chorria  the  resulting 
degenerative  changes  affect  only  the  cytoplasm,  while  after  the 
section  of  the  sympat[)etir  the  nuclei  of  the  cells  are  affected,  and 
indeed  to  some  extent  on  the  soimd  as  well  as  on  the  injure<l  side. 
Normal  Mechanism  of  Salivary  Secretion. — Under  normal 
conditions  the  flow  of  saliva  fn>m  the  salivary  glaniis  is  the  result 
of  a  reflex  stimulation  of  the  secretory-  nerves.  The  aen.sory  fibera 
concerned  in  this  reflex  must  l>e  chiefly  fil>ers  of  the  glossophar>*ngeal 
auil  lingual  nerves  siipplyiug  the  mouth  and  tongue.  Sapid  IxHlies 
and  various  <»ther  chemical  or  mechunical  stimuli  applieil  to  the 
tongue  or  mucous  membrane  of  the  mouth  produce  a  flow  of  saliva. 
'Che  noritia!  fiow  durine  niasticatinn  must  be  effected  by  a  reflex  of 
this  kind,  the  sensory  impulse  Ix^ing  carried  to  a  center  and  thence 
transmitted  through  the  eiTen^nt  nerves  to  the  glands,  it  is  fovmd 
that  section  of  the  chorda  prevents  the  reflex,  in  spite  of  the  fact  that 
the  symi^'ithetic  fibers  are  still  intact.  No  satisfactory  explanation 
of  the  noryial  functions  of  the  secrctors'  fibers  in  the  sympathetic 
hiLs  yet  betm  given.  X'arious  authors  have  suggested  that  [xjssibly 
the  three  large  salivarA*  glands  n:*s|j<>nd  normally  to  different  stimuli. 
This  view  has  lately  been  su[)ixjrte<.l  by  Pawfow,  who  reports  that  in 
the  dog  at  least  tiie  i>aroti<i  and  the  submaxiilarv'  may  react  quit* 
tlifferently.  When  fistulas  were  made  of  the  ducts  of  these  glands  it 
WHS  found  that  the  submaxillary  res|>onded  readily  to  a  great  mmiber 
of  stimuli,  such  as  tlie  sight  of  food,  chewing  of  meats,  acids,  etc. 
The  parotid,  on  the  contrary,  seemed  to  react  only  when  dry  food, 
dr}'  pt^wderetl  meat,  or  brea^l  was  placed  in  the  mouth.  Dryness  in 
this  case  appeared  to  be  the  efficient  stimulus. 

Pawlow  lays  great  stre^^s  upon  the  adaptability  of  the  secretion  of  sAliva 
to  the  rliaracter  of  the  material  rliewetl.  Dn.'.  sr^lid  food  jstimulates  a  large 
flow  of  Kiiliva,  surli  as  is  ne<'esvsar>'  in  onier  to  rhew  it  properly  and  to  fonn  it 
into  a  holns  for  swallowing.  Founds  cnntmiiing  inU(^h  water,  on  the  conlmry, 
exfite  hut  little  flnw  of  >alivQ.  If  one  places  n  luindful  of  clean  stones  in 
the  nimitli  of  a  doi;  he  will  move  tliein  around  witfi  Ins  longxie  for  a  while 
and  then  drop  them  from  his  mouth;  hut  little  or  no  .■wiliva  is  secreted. 
If  the  same  material  is  given  in  the  fonn  of  fine  sand  a  rich  flow  of  saliva 
is  proiluce^l,  ami  the  necessity  for  the  reflex  is  e\ident  in  lius  rai*e,  since 
othenme  the  material  t'ould  not  l»e  conveniently  removed  from  tlie  mouth. 
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Such  aiiaptations  ma<'t  t)e  regarded  from  the  physiological  point  of  view 
M  special  reHexes  depending  upon  some  difference  in  the  nervous  mechanittm 
aofc  into  plfty.* 

Since  the  flow  of  saliva  is  nommlly  a  definite  reflex,  we  should 
expect  a  distinct  salivary  secretion  center.    This  center  has  l:>een 
located  by  physiological  meaas  in  the  me<Udla  ohiongata;  ite  exact 
position  is  not  clearly  defined,  but  possihl\'  it  is  represented  by  the 
nuclei  of  origin  of  the  secretor>'  fd:»ers  which  leave  the  medulla  by 
■way  of  the  facia!  and  glossopharvngcal  nen'es.     Owing  to  the  viide 
connections  of  ner\^c  cells  in  the  central  nervous  system,  we  should 
«xpect  this  center  to  be  affected  by  stimuli  from  various  sourcea. 
As  a  matter  of  fact,  it  is  known  that  the  center  and  thmugh  it  the 
glands  may  l^  called  into  activity  by  stLnudatioii  of  the  sensor>' 
£l>er8  of  the  sciatic,  splanchnic,  and  particularlv  the  vagus  nerves, 
2^f  too,  various  jeychical  acts,  such  as  the  thought  of  savor>-  fi>oci  and 
the  feeling  of  nausea  preccihng  vomiting,  may  ]te  accomi)anieil  by  a 
flow  of  saliva,  the  effect  in  this  case  l)eing  due  pntbably  to  stimula- 
tion of  the  secretion  center  by  nenou.s  impulses  descending  inm^  the 
higher  nerve  centers.     I^astlv,  the  medullary-  center  may  he  inhibited 
as  well  as  stimulate<l.     The  well-known  effect  of  fear,  embarrassment, 
or  anxiety  in  producing  a  parched  throat  may  l>e  exj>hiine<.l  in  this 
way  as  due  to  the  uiliibitor}'  action  of  nerve  impulses  arising  in  the 
cerebral  centers. 

Electrical  Changes  in  the  Gland  during  Activity. — It  has  been 
shown  that  the  salivar>'  as  well  as  other  glands  suffer  certain  changes 
in  electrical  ix>tential  during  activity  wlijch  are  comjiarable  in  a  gen- 
eral way  to  ihe  "nction  ojrrents"  ohser\*eil  in  muscles  and  ner\'e8.t 
The  Digestive  Action  of  Saliva — Ptyalin.— 1  he  digestive  action 
proper  of  the  saliva  is  limited  to  the  starchy  fowl.  In  human 
bdngs  and  most  manuuals  the  saliva  contains  an  active  enz>-me 
belonging  to  the  group  of  iliastases  ami  designated  usually  as  ptyalin 
or  flalivar\'  diastase.  It  may  be  prt^pared  iti  purified  furm  fn^ni  saliva 
by  precipitation  with  alcohol,  but  its  cheiidcal  nature,  like  that  of  the 
other  enzymes,  is  still  an  nns»dve<l  problem.  Saliva  or  prej>arations 
of  ptyalin  act  readily  ujxni  hoiled  Mtarch,  converting  it  into  sugar 
and  dextrin,  lliis  action  may  be  <lemonstrated  ver}*  readily  by 
holding  a  little  starch  paste  or  starchy  food,  such  as  boiled  potatoes, 
in  the  mouth  for  a  few  moments.  If  the  solution  is  then  examine<l  the 
presence  of  sugar  is  readily  sho^\'n  by  its  reducing  action  on  solutions 
of  copper  sulphate  (Fchling's  solution).  There  is  no  doubt  that  the 
action  of  ptyalin  upon  the  starch  is  hydrolytic.     Under  the  influence 

♦See  Paw  low,  "The  Work  of  the  Digestive  Glands,"  translation  by 
Thompson,  London,  1902;  also  "  KrgebniKso  der  Physiologie,*'  vol  iii,  part  i, 
1904.  and  "Archives  internfttioniiles  dc  physiolojfic,'"  I,  1  IS>,  UXM. 

t  See  Biedernmnn,  **  Electro-phyaiology, "  translation  by  Welby,  London, 
1896. 
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of  the  enzyme  the  starch  molecules  take  up  water  and  undergo 
cleavage  into  simpler  molecules.  The  steps  in  the  process  and  the 
final  products  luive  been  investigated  by  a  ver>'  large  nunil^er  of 
workers,  Init  much  yet  remains  in  doubt.  The  following  points 
seem  to  be  determined:  The  end-result  of  the  reaction  is  the 
formation  of  maltose,  a  disaccharid.  having  the  general  formula 
CiaHjjOi,,  and  some  form  of  dextrin,  a  non-cn'stal!izable  ix>ly- 
sacciiarid.  Wht-n  the  digestion  is  effected  in  a  vessel  some  dextrose 
(CflH,jOj)  may  I>e  found  among  the  pnMlucts»  but  this  is  explained  on 
the  assumption  that  there  is  present  in  the  saliva  some  maltase,  an 
enzyme  capable  of  splitting  maltose  into  dextrose.  So  far  as  the 
ptyalin  itself  is  concerned,  its  sjx^cific  action  Is  to  convert  start*h  to 
maltose  and  dextrin.  It  seems  vcr>'  certain,  however,  that  a  number 
of  intermediate  products  are  fonned  consisting  of  a  variety  of  dex- 
trins,  so  that  the  hydrt>lysis  }>n)bably  takes  place  in  successive 
stages.  'I'here  is  little  agreement  na  to  the  exact  nature  of  the  in- 
tennediat-e  dextrins.  The  following  farts,  however,  may  be  easily 
demonstrateft  in  a  salivurv^  digestion  carried  on  in  a  vessel  and  ex- 
amined from  time  to  time.  The  starch  at  first  gives  its  deep-blue 
reaction  with  iodin;  later,  instead  af  a  blue,  a  red  reaction  is  obtained 
with  iodin,  and  this  lias  been  attributed  t^^t  a  special  form  of  dextrin, 
erythrodextrin.  «o  n:imed  on  account  of  its  retl  reaction.  Still  later 
this  reaction  fails  and  chemical  examination  sliows  the  presence  of 
maltose  and  a  form  of  dextrin  which  gives  no  color  reaction  with 
iorlin  and  is  therefore  named  achroiklextrin.  While  the  number 
of  intcmiciUate  pro<incts  may  lie  lai^e,  the  main  result  of  the  action 
of  the  ptyalin  is  expressed  by  tiie  following  simple  schema: 

The  products  formed  in  this  reaction  are  probably  not  al^sorbed  as 
such.  The  alt.'^orption  takes  place  mainly  no  doubt  after  the  food 
reaches  the  small  intestine,  and  we  hax'e  evidence,  as  will  l>e  stated, 
that  l>efore  al)sorption  the  maltose  and  the  dextrin  are  acted  upon  by 
the  inverting  enzymes  (maltase)  and  converted  into  the  simple 
.sugar,  dextrose.  The  ptyalin  digestion  seems  therefore  to  be  pre- 
pamtory,  and  the  combineti  action  of  ptyalin  and  maltase  is  necessarj* 
t4v  got  the  starch  into  a  condition  ready  for  nutrition.  By  way  of 
couij»arison  it  is  interesting  to  remember  that  when  starch  is  l>oiIed 
with  dilute  acids  it  is  hydnvlyxed  at  once  to  dextrose.  A  fiuestion  of 
pnictical  ini[,H>rtance  is  as  to  how  far  salivar)^  digestion  affects  the 
starchy  foods  under  usual  circmnstances.  The  chewing  process  in 
the  mouth  thoroughly  mixes  the  food  and  saliva,  or  should  do  so, 
but  the  bolus  is  swalloweil  imu-h  too  quickly  to  enable  the  enzyme  to 
complete  its  action.     In  the  stomach  the  gastric  juice  is  sufficiently 
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arid  to  destroy  the  ptyalin,  and  it  was  therefore  supposed  fomierly 

that  salivan'  digestion  is  promptly  arrested  on  the  entrance  of  the 

fooil  into  llie  st<tmac'h,  and  is  therefore  nommlly  of  but  little  vaUie 

as  a  tiigestive  pnjcess.    Our  recent  increase  in  knnwleilge  regarding 

the  conditions  in  the  stomach  (p,  642)  showSi  on  the  contrar}',  that 

some  of  the  food  in  an  ordliian'  meal  may  remain  in  the  fundic 

«nd  of  the  stomach  for  un  hour  or  more  untouched  by  the  acid 

eecretion.    There  is  even*  reason  to  heiieve,  thert^fore,  that  salivan' 

<ligestion  may  be  carried  on  in  the  stomach  to  an  imjxjrtjint  extent. 

Conditions  Influencing  the  Action  of  Ptyalin.— 7'cm7><r«^/re. 

— As  in  the  case  of  the  other  enzymes,  ptyalin  is  ver\'  miseeptil>le  to 

changes  of  temperatiu^.  At  0°  C.  its  activity  is  said  to  }>c  suspended 

entirely.    The   intensity   of   its  action   increases   with   increase  of 

temperature  from  tliis  point,  and  reaches  its  maximum  at  alx)ut 

40°  C.     If  the  tcmpcniture  is  raised  much  beyond  this  i>oint,  the 

action  decreases,  and  at  fn>m  6a°  to  70^  C.  the  enz>*me  is  flestroyed. 

In  these  latter  i^wints  ptyalin  differs  from  diastase,  the  enz}*ine  of 

malt.     Diastase  shows  a  maxinumi  acti<jn  at  50°  C.  and  is  destroyed 

at  80^  C. 

Efffct  of  Ri action, — The  normal  renction  of  saliva  is  sH^htly 
alkaline.  Chittenden  has  shown,  however,  that  ptyalin  acts  as  well, 
or  even  better,  in  a  perfectly  neutral  medium.  A  strong  alkahne 
reaction  retanls  or  prevents  its  action.  The  most  marked  influence 
is  exerted  by  acids.  Free  hydrochloric  acid  to  the  extent  of  only 
0.003  per  cent.  (Chittenden)  is  suHicieiit  to  practically  slop  the  amy- 
lolytie  action  of  the  enzyme,  and  a  slight  further  increase  in  acitlity 
not  only  stops  the  action,  but  also  destroys  the  enzyme. 

Condi^on  of  (Jtt  SUtrch. — It  is  a  well-known  fact  that  the  conver- 
sion of  starch  to  siigar  by  enzymes  takes  place  much  more  rapidly 
with  cooked  starch — for  exajnple,  sUirch  jmste.  In  the  latter  ma- 
terial sugar  l)egin8  to  apjiear  in  a  few  minutes,  prrnided  a  good 
enzjTne  solutjon  is  used.  With  starch  in  a  raw  condition,  on  the 
rontrar>\  it  may  be  many  minutes,  or  even  several  hours,  before 
sugar  can  l>e  detecte<l.  The  longer  time  required  for  raw  etarch  is 
partly  explainetl  by  the  fact  that  the  starch  grains  are  surrounded 
h}'  a  layer  of  cellulose  or  celhilose-Uke  material  that  resbts  the  action 
of  ptyahn.  When  l)oileiI,  tliis  layer  breaks  and  the  starch  in  the 
interior  l)econies  exposed.  In  addition,  the  stan'h  itself  is  changed 
during  the  lK>iling;  it  takes  up  water,  and  in  this  hydmted  condition 
is  actBd  upon  more  rapidly  by  the  ptyalin.  The  practical  value  of 
cooking  vegetable  ff>ods  i.**  e>ideTit  from  these  statements. 

Functions  of  the  Saliva.— In  ad<iition  to  the  digestive  action  of 
the  saliva  on  starchy  foods  it  fulfills  other  important  functions.  By 
moistening  the  focxl  it  enables  us  to  rtrduce  the  material  to  a  consis- 
tency suitable  for  swallowing  and  for  manipulation  by  the  tongue  and 


682  PHYSIOLOGY  OF  DIGESTION  AND  SECRETION. 

other  muscles.  Moreover,  the  presence  of  mucin  serves  doubt 
as  a  kind  of  lubricator  that  insures  a  smooth  passage  along 
esophageal  canal.  Finally  by  dissolving  dry  and  solid  food  it 
vides  a  necessary  step  in  the  process  of  stimulating  the  taste  nei 
and,  as  is  described  below,  the  activity  of  the  taste  sensations  ) 
play  an  important  part  in  the  secretion  of  the  gastric  juice. 


CHAPTER  XLTI. 


DIGESTION  AND  ABSORPTION  IN  THE  STOMACH. 

The  muscular  inechanisiiLs  by  means  of  which  the  stomach  is 
charged  with  food  and  in  turn  discharsed,  small  jwrtioiis  at  a  time, 
into  the  duotlenimi  have  l>een  desfrihed.  The  j>rcsent  chapter  deals 
only  with  the  chemical  and  mechanical  elianges  in  the  fimd  during 
itfi  stay  in  the  stomach  and  the  extent  to  which  the  products  of 
digestion  are  al)80rl)eil. 

The  Gastric  Glands. — The  tul)ular  glanils  tliat  permeate  the 
mucous  membrane  of  the  stonmch  throup;hout  its  entire  extent  differ 
in  their  histological  stnicture,  antl  therefore  doiil'tless  in  their  secre- 
tion, in  ciifferent  i^rts  of  the  stomueh.  Two,  sometimes  three,  kinds 
of  glands  are  clistinguiaheil, — the  pyloric,  fimdic  (and  cardiac). 
Those  in  the  p^ioric  part  of  the  stomach  (antnmi  pylori)  are  char- 
acterize<l  cliiefly  by  the  fact  that  h\  the  seeretiug  pt^rt  of  the  tubule 
only  one  t>*pe  of  glaml  cell  is  found,  the  chief  or  jjeptic  cell,  while  in 
the  remainder  of  the  stomach,  but  particularly  in  the  middle  or 
prepyloric  region  the  glands  (fundic  glands)  are  distinguishetl  by  the 
presence  of  two  tyj)es  of  cells. — the  chief  cells  anri  the  so-called  cover 
or  lx)n.ler  cells  ( Fig.  2G0).  The  thini  tyjx*.  the  cardiac  glands,  is  found 
around  the  canlia.  but  its  area  of  distribution  varies  in  different 
animals,  and  its  histological  characteristics  are  not  ver>'  definite.* 
There  seems  to  lie  a  general  agreement  that  the  chief  cells  furnish 
the  fligestive  enzymes  of  the  stomach — pepsin  and  rt*nnin — and  the 
cover  cells  the  hydrochloric  aciil.  From  a  physiological  stand[xjint 
it  is  important  to  remember  that  the  cover  cells  are  masseil,  as  it 
were,  in  the  glands  of  the  middle  or  prepyloric  n^on  of  the  stomach, 
tliat  they  are  scanty  in  the  fundus,  and  absent  in  the  pyloric  region. 
This  fact  is  indicated  to  the  eye  by  the  deeper  red  or  bmwnish  color 
of  the  mucous  membrane  in  the  prepyloric  portion.  Gnitznerf 
called  especial  attention  to  this  relation,  and  in  connection  with  the 
differences  in  movements  of  these  two  parte  of  the  stomach  he 
suggests  that  normally  the  liulk  of  the  food  towanl  the  fundus 
becomes  impregnated  first  with  pepsin;  then,  as  it  is  slowly  moved 
into  the  prepyloric  region,  the  acid  constituent  is  added.  The 
pyloric  glands  are  said  (Ileidenhain)  to  secrete  an  alkaline  liquid 
containing  pepsin. 


b 


*  See  H&ane,  "  Arrhiv  f.  .Vimtomie/*  1905,  1. 
fOriitsner.  '*Archiv  f.  die  gosammte  Physiologie, "  106,  463,  1905. 
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Histological  Changes  in  the  Gastric  Glands  during  Secretion. 

— The  cells  of  the  gastric  glands,  especially  the  so-called  cluef  cells, 
show  distinct  changes  as  the  result  of  prolonged  acti\ity.  Upon 
preserved  R[>eciniens,  taken  from  dogs  fe<l  at  inlen^als  of  twenty-four 
honi>t,  Heifienhain  found  that  in  the  fasting  condition  the  chief  cells 
were  large  and  clear,  that  dining  the  first  six  hours  of  digestion  the 
chief  cells  &»  well  as  the  1x>rder  cells  increased  in  size,  but  that  in  a 
second  period,  exten(hng  from  the  sixth  to  the  fifteenth  hour,  the 
chief  cells  became  gradually  smaller^  while  the  border  cells  renmined 


Fi(C.  280. — GlanJs  of  the  fundus  (doe):  A  and  .4'.  Hurinic  hunger,  resting  eoodiUoa; 
B.  dunnR  the  first  Ktajce  of  rliffe«tion ;  fT»nd  /),  the  ^vcfind  wtajse  u{  diKP^linn.  ^^howinf 
tlie  diminution  in  the  suae  <j(  th«  "chief"  or  central  celU- — <Aft^r  //nWm/ioin.) 

large  or  even  increased  in  size.  After  the  fifteenth  hour  the  chief 
cells  increasetl  in  size,  gradually  passing  Imck  to  the  fasting  condition 
(sec  Fig.  260). 

Langley*  has  succeeded  in  following  the  changes  in  a  more  satis- 
factory way  by  observations  made  directly  ujwn  the  li\'ing  gland. 
He  finds  that  the  chief  cells  in  the  fasting  stage  are  charged  with 
granules,  and  tliat  during  digestion  the  granules  are  dissolved,  dis- 
*  ''Journal  of  Physiology,"  3.  269.  1880. 
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appearing  first  fivixi  the  base  of  the  cell,  which  then  l>ecomes  filled 
with  a  non-gramiiar  material.  <>}jser\'ations  similar  to  those  made 
upon  other  glands  demonstrate  that  these  granules  rci>resent  in  all 
probability  a  preliminary  material  from  which  the  gastric  enzymes 
are  made  during  the  act  of  secretion.  The  granules,  therefore,  are 
sometimes  describe<l  as  zymogen  granules. 

Means  of  Obtaining  the  Gastric  Secretion  and  its  Nonnal 
Composition. — The  secTctiiui  of  the  gastric  nicjubnine  is  formed  in 
the  minute  glands  scattctvii  over  its  surface.  As  there  is  no  com- 
mon duct,  the  dilfirully  of  obtaining  the  secretitm  for  analysis  or 
-^Dcperijneiit  is  considerable,  'i'his  difriculty  has  l>€en  overcome  at 
different  times  by  the  invention  of  sf^eriul  methixls. 

The  older  methods  used  for  obtaining  normal  giistric  juice  were 
•yen*  unsatisfactory'.  An  animal  was  made  to  swallow  a  clean 
sponge  to  which  a  string  was  attache*!  st^  tliat  the  sponge  coutti 
afterward  l)e  removed  and  its  contents  be  stjUf^ezcHl  out;  or  it  was 
made  to  eat  some  indigestible  material,  to  start  the  secretion  of 
jiuce  by  mechanical  stimulation:  the  animal  was  then  killeii  at  the 
profjer  time  and  the  contents  of  its  stonmch  were  collected. 

TTie  experiments  of  the  older  obser\'erH  on  gaxtric  ili^etttionf  eBpecially 
tho9e  of  the  .\bW  SpalliiiiKaiii  (1729-1799),  funilsli  luoct  iiitcrc?>tinK  reudiiiK. 
Sr^UlAntani,  not  content  with  making  exfieriinpntii  on  nunicron^  luiinials 
(frojKB,  binU,  aiamnialH,  etc.)  ha<l  the  courage  to  rarr>'  out  a  gi'^^t  niany 
Upon  liiiiLself.  He  swallowet)  fiMKl<*  of  viiriou^^  kitul^r  unil  in  variou.'*  conditions 
aeweil  In  linen  hags  or  inclosed  in  perforate<l  wootien  tulies  which  m  tuni 
were  covered  with  linen.  The  bags  and  tubes  were  svibse<|uently  passed 
in  the  fitooLs  and  were  examined  a.^  to  tlie  amount  and  nature  of  tlieir  contents. 
He  yeeuM  to  have  experienceil  no  injury'  from  his  experiments,  although 
ntmrmlly  his  powers  of  rhRestion  were  quite  feeble.  As  prwif  that  the  irit- 
urntinfc  [wwer  of  the  ^.oniacli  is  not  ven*  jjreat  he  calls  attention  to  the  fact 
that  some  of  the  wooilen  tubes  were  made  very  thin,  so  that  the  >light«st 
pre^iire  would  crush  tliem,  and  yet  they  were  voideil  uninjurrd.  So  also 
be  found  iliat  cherries  and  grapes  when  swallowed  whole,  even  if  entirely 
ripe,  were  usually  passed  unbroken. 

A  better  method  of  obtaining  normal  juice  was  suggested  by  the 
famous  ol>8er\'ations  of  lieaumont*  upon  Alexis  St.  Martin.  St. 
Martin,  by  the  premature  discharge  of  his  gim,  was  wounded  in  the 
alxiomen  and  stomach.  On  healing,  a  fistulous  ojjening  remained  in 
the  alHlominal  wall,  leading  into  the  stomach,  so  tlmt  the  contents 
of  the  latter  could  l)e  ins[)ected.  Beaumont  made  numerous  inter- 
esting and  most  valuable  observations  upon  his  patient.  Since  that 
time  it  has  become  custfjmar)'  to  make  fistulous  openings  into  tlie 
stomachs  of  dogs  whenever  it  is  ne<'€ssar>'  to  have  the  normal  juice 
for  examination.  A  silver  cannida  is  placed  in  the  fistula,  and 
at  any  time  the  plug  closing  the  cannula  may  be  removed  and 

♦  Beaumont,  "The  PhysioioRy  of  Digestion,"  1833:  («econd  edition,  1847. 
For  a  biopruphical  account  of  Beaumont,  .<ee  Osier,  "  Journal  of  the  Americaa 
Medical  .Association, "  November  15,  1902. 
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gastric  juice  be  obtained.  In  some  cases  the  eeophagus  has  been 
occluded  or  excised  so  as  to  prevent  the  mixture  of  saliva  with  the 
gastric  juice.  Gastric  juice  may  be  obtainetl  from  hiunan  beings 
also  in  cases  of  vomiting  or  b}-^  means  of  the  stomach  pump,  but  in 
such  cases  it  is  neccssivrily  more  or  less  diluted  or  mixed  with  food 
and  can  not  be  used  for  exact  analyses,  although  specimens  of  gastric 
juice  obtained  by  these  methods  are  employed  in  the  diagnosis  and 
treatment  of  gastric  troubles. 

From  the  stamlixHnt  of  experimental  investigation  a  very  im- 
portant addition  to  our  methods  was  made  by  Heidenliain,  This 
obser\'cr  showed  that  a  portion  of  the  stomach — the  fundic  end,  for 
instance,  or  the  pyloric  end — nrught  lie  cut  away  from  the  rest  of  the 

oi^gan  and  be  gi  ven  an 
artificial  opening  to  the 
e:«terior.  By  this  means 
the  secretion  of  an  isolated 
fundic  or  pyloric  sac  may 
be  obtained  and  examined 
as  to  its  quantity  and  prop- 
erties, 'llie  metho<l  was 
8u[>sequently  improved  by 
Pawiow,  wliose  important 
contriljutions  are  referred 
to  lielow.  Fig.  261  gives 
an  idea  of  the  operation  as 
niiuie  by  Pawiow  to  isolate 
a  fundic  sac  vnth  its  blood 
and  ner\'e  supply  unin- 
jured. 

The  normal  gastric  se- 
cretion is  a  thin,  colorless 
or  nearly  colorless  liquid 
with  a  strong  acid  reaction  and  a  characteristic  odor.  Its  spe- 
cific gravity  varies,  but  it  is  never  great,  the  average  l>eing  about 
l.(XJ2  to  1.003.  Upon  analysis  the  gastric  juice  is  found  to  contain 
a  trace  of  proteid,  probably  a  peptone,  some  mucin,  and  inorganic 
salts,  but  the  essential  constituents  are  an  acid  (HCl)  and  two 
enzymes*  i^epsin  and  rennin.  Satisfactory'  complete  analyses  of  the 
human  juice  have  not  been  reported,  most  of  the  recent  obsen'ers 
confining  their  attention  mainly  to  the  degree  of  acidity  and  digestive 
power.  Gastric  juice  does  not  give  a  coagulum  upon  boiling,  but  the 
digestive  enzymes  are  thereby  destroyed.  One  of  the  interesting 
facts  about  this  secretion  is  the  way  in  which  it  withstands  putrefac- 
tion. It  may  be  kept  for  a  long  time,  for  months  even,  without 
becoming  putrid  and  with  very  little  change,  if  any,  in  its  digestive 


_  open 

makinji  mn  isolated  fundtc  nnc  frmn  tike  stomach: 
V,  Cavity  of  tba  atotnoch ;  «,  tbo  funcUo  aac.  abut  nff 
from  the  stomach  an<l  opening  at  the  abiloniiniU 
wall,  a,  a;   b  indicatea  the  Uoe  of  sutunM. — (Pati>- 
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action  or  in  its  total  acidity.  This  fact  shows  that  the  juice  posseeseB 
Antiseptic  properties,  and  it  is  usually  supposed  that  the  presence  of 
the  free  acid  accounts  for  this  quality. 

The  Acid  of  Gastric  Juice. — The  tiaturc  of  the  free  acid  in  gastric 
juice  was  formerly  the  subject  nf  dispute,  some  claiming  that  the 
acidity  is  due  to  HCl,  since  this  acid  can  he  distilled  off  from  the  gas- 
tric juice,  others  contending  that  an  organic  acid,  lactic  acid,  is 
present  in  the  secretion.  All  recent  experiments  tend  to  pnive  that 
the  acidity  is  due  to  HCI.  Tliis  fact  was  first  demonstrated  satis- 
factorily by  the  analyses  of  Schmidt,  who  showed  that  if,  in  a  given 
specimen  of  gastric  juice,  the  chlorids  were  all  precipitated  by  silver 
nitrate  and  the  total  amount  of  chlorin  was  determined,  more  was 
lound  than  could  l>e  held  in  combination  by  the  base.s  present  in  the 
secretion.  Evidently,  some  of  the  chlorin  must  have  been  present 
in  combination  vdih  hydrogen  as  hydrochloric  aciil.  CV>nfirmator>' 
e\'idence  of  one  kind  or  another  has  since  Ix^n  obtained.  Thus  it  has 
been  shown  that  a  numljer  of  color  tests  for  free  minenil  acids  react 
irith  the  gastric  juice:  methyl-violet  solutions  are  turned  blue^ 
congo-red  solutions  and  test  paper  are  changed  from  red  to  blue, 
00  tropeoHn  from  a  yellowish  to  a  pink  red,  and  so  on.  A  number  of 
additioniil  tests  of  the  same  general  character  will  l>e  found  dpscril>e<l 
in  the  laborator}'  hiindbooks.*  It  must  be  adttetl,  however,  that 
lactic  acid  undoubteilly  occurs,  or  may  ffccur,  in  the  stomach  during 
digestion.  Its  presence  is  usually  explained  as  being  due  to  the  fer- 
mentation of  the  carlx)hy<lmtes.  and  it  is  therefore  more  constantly 
present  in  the  stomachs  of  the  herbivora.  The  amount  of  free  acid 
varies  according  to  the  duration  of  digestion;  that  is,  the  secretion 
does  not  possess  its  full  acidity  in  the  beginning,  owing  to  the  fact 
(Heidenhain)  that  in  the  first  periods  of  digestion,  while  the  secretion 
is  still  scanty  in  ammmt,  n  portion  of  its  acid  is  neutmlized  by  the 
swallowed  saliva,  the  tdkaline  mucus,  and  the  alkaline  secretion  of 
the  pyloric  end  of  the  stomach;  the  scerctod  juice  has,  however,  a 
e<^>nstant  acidity.  The  acidity  of  the  human  gastric  juice  is  usually 
estimatecl  at  0.3  per  cent.,  but  during  digestion  it  may  reach  (Hom- 
l)org)  0.4  to  0.5  i)er  cent.,  and  these  figures  expn*ss  proliably  its 
strength  as  secreted.  The  acitUty  of  the  dog's  gastric  juice,  according 
to  Pawlow,  lies  between  0.46  and  0.56  per  cent. 

The  Origin  of  the  HCl. — ^The  gastric  juice  is  the  only  secretion 
of  the  Ixxly  that  contains  a  free  acid.  The  fact  that  the  acid  is  a 
mineral  acid  and  is  present  in  considerable  strength  makes  the  cir- 
cumstance more  remarkable.  Attempts  have  been  made  to  ascer- 
t^n  the  histological  elements  concerned  in  its  secretion  and  the 
nature  of  the  chemical  reaction  or  reactions  by  which  it  is  produced. 
With  regard  to  the  first  jjoint  it  is  generally  believed  that  the  lx)rder 
•Simoa,  "A  Manual  of  aiiiical  DtAgno«iii,"  lOOI. 
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cells  of  the  gastric  tubules  constitute  the  acid-secreting  cells.  This 
belief  ia  founded  upon  the  general  fact  that  in  the  regions  in  which 
these  cells  are  chiefly  present — that  is,  the  niiddle  region  of  the 
stomach — the  secretion  is  distinctly  acid,  and  where  they  are  abeent 
or  scanty  in  number  the  sci-retion  Ls  alkaline  or  less  acid.  In  the 
pyloric  region,  for  instance,  these  cells  are  lacking  entirely  an<i  the 
secretion  is  alkaline.  So  also  in  the  fundus  the  secretion  does  not 
seem  to  be  acid,  and  this  fact  corresponds  ^^ith  a  marked  diminution 
or  absence  of  the  lx)nler  cells.  With  regard  to  the  origin  of  tl)e  acid 
it  is  exndent  that  it  is  formed  in  the  secreting  cells,  since  none  exists  in 
the  blood  or  lymph.  It  seems  also  perfectly  evident  tliat  the  HCl 
must  be  formed  from  the  chlorids  of  the  blood.  The  chief  chlorid 
is  NaCl  and  by  some  means  this  compound  is  broken  up;  the  chlorin 
is  combined  with  hvdrt)gen,  and  is  then  secreted  upon  the  free  surface 
of  the  stomach  as  HCl.  In  support  of  tliis  general  statement  it  has 
been  shown  that  if  the  chlorids  in  Uie  blood  are  reduced  by  remo\Tng 
them  from  the  food  for  a  sufficient  time  the  secretion  of  gastric  j\iice 
no  longer  contains  acid.  On  the  other  hand,  addition  of  NaBr  or 
KI  to  the  food  may  cause  the  formation  of  some  HBr  and  HI, 
toge  her  with  HCl  in  the  gastric  juice.  Maly  has  suggested  tliat 
acid  phosphates  may  be  produceti  in  the  first  instance,  and  then  by 
rejicting  with  the  s^idiuin  chlorid  may  give  hydrochloric  acid,  acconl- 
ing  to  the  fonnula  XaHjPO^  -1-  NaCl  =  XajHPO,  -f  HQ.  Other 
theories  liave  I>een  proposed,  but,  as  a  matter  of  fact,  no  e.\planati(in 
of  the  details  of  this  reaction  is  satisfactor*'.  We  must  be  content 
to  say  that  in  the  acid-forming  cells  the  neutral  chlorids  (XaCl)  are 
bmken  up  with  the  formation  of  free  HCl. 

The  Secretory  Nerves  of  the  Gastric  Glands. — .\lthoiigh  several 
facts  indicated  to  the  okler  observers  that  the  secretion  of  gastric 
juice  is  under  the  control  of  nene  fibers,  we  owe  the  actual  experi- 
mental  demotistration  of  tliis  fact  to  Pawlow.*  He  demonstrated 
that  the  secretion  Ls  under  the  contntl  nf  the  nervous  system  and  that 
the  secrctorv  filers  are  contained  in  the  vagus.  Direct  stimulation 
of  the  peripheral  end  of  the  cut  vagus  causes  a  secretion  of  gastric 
juice  after  a  long  latent  period  of  several  minutes.  This  long  latency 
may  l>e  due  jxissibly  to  tlie  presence  in  the  vagus  of  inhibit(jn' 
fibers  to  the  gland,  which,  being  stimulated  simultaneously  with  the 
Becretor>'  fibers,  delay  the  action  of  the  latter.  \ery'  striking  pnx»f 
of  the  general  fact  that  the  secretion  is  due  to  the  action  of  vagus 
fibers  is  furnished  1)y  such  experiments  as  these:  Pawlow  ili\-ideti  the 
esophagus  in  the  neck  and  brought  the  two  ends  to  the  skin  so  as  to 
make  separate  fistulous  openings  to  the  exterior.  Under  these  con- 
ditions, when  the  animal  ate  and  swallowe<l  food  it  was  discharged 

♦See  Pawlow,  "The  Work  of  the  Digestive  Glands/*  translated  by 
Thompeno,  1902. 
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to  the  exterior  instead  of  entering  the  stomach.    The  aninml  thus  had 

the  enjoyment  of  eating  without  actually  filling  the  stomach.     I^ating 

in  tliis  style  forms  what  the  author  calletl  a  fictitious  meal  {Srficin- 

luUerung),     It  was  fouml  that  it  causes  an  abundant  flow  of  gastric 

jtiice  as  long  as  the  vagi  an?  intact,  I>ut  has  no  effect  on  tlie  secretion 

when  these  nerves  are  cut.     Evidt^ntly,  therefore,  the  scasations  of 

taste,  odor,  etc.,  developed  tluriiiK  lJ»e  mastication  and  swallowing 

of  food  set  up  reflejcly  a  stimulation  of  secretor\'  fillers  in  the  va^us. 

Pawlow  designates  a  secretion  produced  in  this  way  as  a  |)8ychical 

secretion, — a  term  which  implies  tiiat  the  reflex  must  Ix"  attended  by 

conscious  sensations.     In  favorahic  cases  the  fictitirms  finding  has 

been  continued  for  five  or  six  hours  and  a  large  amount  of  gastric 

juice  (7(X)  c.c.)  has  been  collected  fnmi  a  fistula,  although  no  food 

actually  entered  the  stomach.     It  is  imfxjrtant  to  note,  also,  tliat  a 

fieyclutud  secretion,  once  started.  ma\'  cfintinue  for  a  long  time  after 

the  stimulus  {the  eiiting)  has  ceased.     Exjjeriments  have  l>een  made 

upon  himian  beings  imder  similar  conditions,    lliiis,  Homborg* 

re|>»rt«  the  case  of  a  boy  with  a  stricture  of  the  estiphagus  and  a 

£dtula  in  the  stomach.     Food  when  chewed  antl  sT^-allowed  did  not 

rctaidi  the  stomach,  but  was  regurgitated;   it  caused,  nevertheless, 

All  active  j)6>'chical  secretion  in  the  empty  stomach. 

Wormal  Mechanism  of  the  Secretion  of  the  Gastric  Juice. — 
X>uriDg  a  meal  the  gastric  juice  Is  secreted,  under  nonnal  conditions, 
4bB  long  as  the  footl  remains  in  the  stomach.  The  mmlem  explana- 
tion of  the  origin,  maintenance,  and  regulation  of  this  flow  of  secre- 
tion is  that  given  by  Pawlow.  Contrarv  to  a  former  general  belief, 
lie  showed  that  mechanical  stimulation  of  the  gastric  nnicous  niem- 
l>rane  has  no  effect  on  the  secretion  of  the  tubules.  This  factor  may 
therefore  l>e  eliminated.  In  an  ordinary  meal  the  secretion  first 
started  is  due  to  the  sensations  of  eating — that  is,  it  is  a  psychical 
secretion.  The  afferent  stinudi  originate  in  the  mouth  and  nostrils; 
the  efferent  jxith.  the  se(»retory  fil>ers,  is  through  the  vagus  ncn'e. 
This  reflex  insures  the  l)eginning  at  least  of  gastric  digestion,  but  its 
effect  is  supplemente*!  by  reflex  stimulations  arising  in  the  stomach 
itself.  The  mucous  membrane  of  the  stomach  contains  scnsorj' 
fibere  which,  when  stimulated,  act  rcfiexly  upon  the  8Ccretor>'  fillers 
and  set  up  a  secretion.  It  seems  that  some  foods  contain  suljstances 
capjible  of  giving  this  effect,  while  others  do  not.  Thus,  meat 
extracts,  meat  juices,  soups,  etc.,  are  particularly  effective  in  this 
respect;  milk  and  water  cause  less  secretion.  Certain  common 
articles  of  food,  such  as  bread  and  white  of  eggs,  have  no  effect  of  this 
kind  at  all.  If  introduced  into  the  stomach  of  a  dog  through  a  fistula 
so  as  not  to  arouse  a  pej'chical  secretion, — for  instance,  while  the  clog's 
attention  is  diverted  or  while  he  is  sleeping. — they  cause  no  flow  of 

•  Hornborg,  "  Skandinaviaches  Archiv  f.  Physiologie,"  15.  209,  1904. 


690 


PHYSIOLOGY   OP  DIGESTION  AND   SECRETION. 


gastric  juice  and  are  not  digeste<l.  If  such  articles  of  food  are  eat^n, 
however,  they  cause  a  psychical  secretion,  and  when  this  has  acted 
upon  the  ftxHts  some  pro<inct  of  their  iligestion  in  turn  l>ecomes  ca- 
pable of  stimulating  the  secret or\'  paths  by  a  reflex  from  the  stomach. 
The  stej^s  in  the  meclianism  of  secretion  are,  therefore,  three:  (1)  the 
psychical  secretion;  (2)  the  secretion  from  secretogogues  contained 
in  the  food;    (3)  the  secretion  from  secretogogues  contained  in  the 

products  of  thgestion. 
The  chemical  nature 
of  these  last-named 
stimuli  is  undeter- 
mined. 

The  researches  of 
Pawlow  and  his  co- 
workers seem  also  to 
indicate  that  the 
quantity  and  prop- 
erties of  the  secre- 
tion var>'  with  the 
character  of  the  food. 
The  quantity  of  the 
secretion  varies,  also, 
other  conditions  b^ 
ing  the  same,  with 
the  amount  of  food 
to  he  digestetl.  The 
apparatus  is  adjusted 
in  this  respect  to 
work  economically. 
Different  kinds  of 
food  produce  secre- 
tions var>'ing  not 
only  as  regards  quan- 
tity, but  also  in  their 
acidity  and  digestive 
action.  The  secre- 
tion produceci  by 
bread  r  though  less  in 
quantity  than  that  caused  by  meat,  possesses  a  greater  digestive 
action.  On  a  given  diet  the  secretion  assumes  certain  characteris- 
tics, and  Pawlow  is  convinced  that  further  work  will  disclose  the  fact 
that  the  secretion  of  the  stomach  is  not  caused  normally  by  general 
stimuli  all  affecting  it  alike,  l>ut  by  sjx^cific  stinuili  contained  in  the 
food  or  produced  during  digestion,  whose  action  is  of  such  a  kind 
as  to  arouse  refiexly  the  secretion  best  adapted  to  the  food  ingested. 
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f  One  of  the  curvcB,  showing  the  effect  of  a  mixed  diet  (niilk,  600 

C.C.;    meat,  100  gms.;   bread,  UH)  gnus.)  iij3on  the  f;astric  secretion, 
as  determinetl  by  Pawlow's  method,  is  repHKhiced  in  Fig.  262.    It  will 
be  noticed  that  the  secretion  l)egan  shortly  after  the  ingestion  of  the 
food  (seven  minutes),  and  increased  rapidly  to  a  nmxinutm  that  was 
reached  in  two  lioui-s.     After  the  second  hour  the  flow  decreased 
lapidly  and  nearly  unifoniily  to  alx)ut  the  tenth  hour.     The  aciility 
rose  slightly  between  the  first  and  second  hours,  and  then  fell  gradu- 
ally.    The  digestive  power  showed  an  increase  beti^een  tlie  second 
and  thini  hours. 

Nature  and  Properties  of  Pepsin,— Pepsin  is  a  typical  proteo- 
J^'tic  enzyme  that  exhibits  llie  striking^  peculiarity  of  acting  tnily  in 
acid  media;   hence  peptic  digestion  in  the  stomach  is  the  re^ilt  of 
t-he   combine<l  action  of  pepsin  and   hydrochloric  acitl.     Pepsin  is 
influenced  in  its  action  by  temppr-ature,  as  is  the  cjise  with  the  other 
^snzjTnes:    low   temi>cratures   retani.   and    may  even  sufipend   lis 
^u^ti'vity,  while  high  tem|jeratures  increase  it.     The  optimum  lem- 
jjcrature  is  stateil  to  lie  from  37°  to  4()°  C,  while  exptisure  for  some 
'dnie  to  80°  C.  results,  when  the  pejx*»in  is  in  a  moist  con<Lition.  in  the 
"total  destruction  of  the  enzyme.    PefMsin  may  l>e  extracted  frnm  the 
^:astnc  raucous  membrane  by  a  variety  of  method.s  and  in  different 
decrees  of  purity  and  strength.     'Jlie  commercial  preparations  of 
pepsin  consist  usually  of  some  forni  of  extract  of  the  gastric  mucous 
xnexnbrane  to  which  starch  or  sugar  of  milk  has  been  added.     Labora- 
tory'  preparations  are  made   conveniently'   by  mincing  thoroughly 
t-he  mucous  membrane  and   then  extracting  for  a  long  time  with 
glycerin.    Glycerin  extracts,  if  not  too  much  diluted  with  water  or 
blooil,  keep  for  an  indefinite   tijne.     Purer  preparatioris  of  pepsin 
have  l>een  made  by  wliat  is  known  as  "Briicke's  metlKKi/'  in  which 
the  mucous  membnme  is  minced  and  is  then  self-iligested  with  a  5 
per  cent.  sf>lution  of  phosphoric  acid.     The  phosphoric  acid  is  pre* 
cipitated  by  the  addition  of  lime-water,  and  the  pepsin  is  carried 
down  in  the  flocculcnt   p>recipitate.     Tliis  precipitate,  after  being 
^washed,  is  carried  into  sf>lution  by  dihitc  hydrfirhloric  acid,  and  a 
:>]ution  of  cholesterin  in  alcohol  and  ether  is  addetl.     The  cholesterin 
precipitated,  and.  as  l>efore,  carries  down  with  it  the  pepsin.     This 
precipitate  is  collected,  carefully  washed,  and  then  Ereat-ed  repeatedly 
with  ether,  which  dissolves  and  removes  the  cholesterin,  lea>ing  the 
pepein  in  acjueous  solution.     This  method  is  interesting  not  only 
because  it  gives  a  pure  fonn  of  pepsin^  but  also  in  that  it  illustrates 
one  of  the  properties  of  en2>'me6 — namely,  the  rea<!iness  with  which 
they  adhere  to  precipitates  occurring  in  their  solutions. 

In  spite  of  much  work  the  chemical  nature  of  pepsin  is  undeter- 
mined.    Most  authors  agree  that  it  is  a  proteid  or  proteid-containing 
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body.  Pekelhariiig*  has  prepared  pepsin  from  gafitne  juice  by 
dialysis,  the  substance  precipitating  as  the  acid  is  dialyzed  off.  The 
prccijjitate  may  be  purified  b}'  repeated  resolutions  in  acid  followed 
by  dialysis.  As  prepared  by  this  metho<^l  pepsin  is  a  substance  of  a 
proteid  nature  which  contains  sulphur  and  also  some  chlorin.  but  no 
phosphonjs.  It  does  not  belong,  therefore,  to  the  group  of  nucleo- 
proteids, 

Pej^sin  is  supposed  to  be  formed  in  the  chief  cells  of  the  gastric 
tubules,  but  as  in  other  cases  it  is  present  in  the  cells  as  a  z^inogen 
or  prope[xsin  wliicli  is  not  changed  to  the  active  ix?p8in  until  after 
secretion.  'J'he  pmi>epsin  niiiy  be  extracted  reatiily  from  the  mucous 
membnine,  and,  since  it  is  known  that  the  zymogen  is  converted 
quickly  to  active  pepsin  by  the  action  of  acids,  it  is  evident  that  in 
the  normal  gii-stric  juice  the  existence  of  the  hydrochJoric  acid 
insures  that  all  (*f  the  pep.sin  shall  Ijc  present  in  active  form.  Theje 
lias  l>een  much  discussion  as  to  the  nature  of  the  secretion  of  the 
pyloric  glanils.  Heidenhain  isolated  tPiis  ]X)rtion  of  the  stomach  and 
collectcil  its  secretion.  He  found  that  it  was  alkaline  and  contained 
pepsin.  Later  observers,  however,  still  continue  to  doubt  the  secre- 
tif>n  of  a  true  jiejisin  in  tliis  jM>rtir>n  of  the  stomach.  (Ilaessnert 
states  that  pnjj>epsin  can  not  be  obtainctl  from  extracts  of  the  pyloric 
glands,  and  that  the  proteolytic  enz>Tne  that  can  be  shown  in  this 
portion  of  the  stomach  by  self-digestion  in  acid  or  alkaline  media  is 
not  a  true  gastric  pepsin.  Whether  the  pyloric  glands  take  any 
chemical  part  in  gastric  digestion  must  remain  untlecided.  From 
the  description  of  the  events  in  the  stomach  (p.  641)  it  would  seem 
that  the  fo<jd  material  which  is  churne<l  and  stirred  by  the  contrac- 
tions of  the  pyloric  musculature  has  already  lieeri  charged  with  pepsin 
and  hydnjchloric  acid  by  the  glands  of  the  middle  ami  fundic  regions   i 

Artificial  Gastric  Juice. — In  studying  peptic  digestion  it  is  i^^H 
necessary  for  all  purposes  to  establish  agastric  fistula.  'Hie  acti^P 
agents  of  the  iiornml  juice  are  pepsin  and  acid  of  a  proper  strength; 
and,  as  the  pepsin  can  l?e  extracted  and  preser\'eti  in  various  wavs. 
and  the  hydrochloric  acid  can  easily  be  made  of  the  proper  strength. 
an  artificial  juice  can  Ikj  obtained  at  any  time  which  may  he  used  in 
pla<_*e  of  the  normal  secretion  for  many  purposes.  In  laboratory- 
eocperinients  it  is  customary  to  employ  a  glycerin  extract  of  the 
gastric  mucous  membrane,  and  to  a<ld  a  small  portion  of  this  extract 
to  a  large  bulk  of  0.2  per  cent,  hydrochloric  acid.  The  artificial 
juice  thus  nmde»  when  kept  at  a  temperature  of  from  37®  to 
40^  C,  \v\\\  digest  proteids  rapidly  if  the  preparation  of  pepsin  is  a 
good  one.  While  the  strength  of  the  acid  *'mployed  is  generally  from 
0.2  to  0.3  per  cent.,  digestion  will  take  place  in  solutions  of  greater 

*PekeIhannK.  "  Zeit^chrift  f.   physiol.  Chernie/'  35,  H,   1902. 
tGUeaaner,  "Beitriige  zur  chem.  Physiol,  u.  Pathol.,"  1,  24.  1901.  , 
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or  less  acidity.  Too  great  or  too  small  an  acidity,  however,  will 
retanl  the  process;  that  is,  there  is  fi>r  the  action  of  the  pejjsin  an 
aptimuni  aeitlity  wliich  lies  somewhere  between  0.2  and  0,5 
per  cent.  Other  acids  may  be  used  in  place  of  the  hydrochloric  acid 
— for  example,  nitric,  j>hasphoric,  or  lactic — but  thev  are  not  so 
effective,  and  the  ojitixiiuni  acidity  is  different  for  each;  for  phos- 
phoric a<*i*i  it  is  given  iis  2  |>er  cent. 

The  Pepsin -Hydrochloric  Acid  Digestion  of  Proteids. — It  has 

long  l>een  known  that  solid  proteitis,  when  exposed  to  the  action  of  a 

normal  or  an  artificial  gastric  juice,  swell  up  ami  eventually  j>ass  into 

solution.     The  soluble  pruteiil  Uiuk  fonned  was  known  not  to  Ite 

cxiagulated  by  heat  and  wa.^  remarkable  also  for  being  more  ilifTusible 

Chan  other  forms  of  soluble  proteids.     This  end-pnuluct  of  digestion 

'VFBS  fonneriy  conceived  as  a  soluble  proteid  with  properties  fitting 

it  for  rapid  absorption,  and  the  name  of  jM'pt/jne  was  given  to  it.     It 

"was  quickly  found,  however,  that  the  pnicess  is  complicated — that  in 

the  conversion  to  so-called  **i>eptone"  the  proteid  umler  digestion 

paaaee  through  a  numlx^r  of  infemiediate  stages.    The  intermediate 

products  were  partially  isolated  and  were  given  8j>eciiic  names,  such 

AS  acid-albumin,  ]xirtipefd<me,  and  prope-jytmtf.     The  present  noiiceji- 

tion  of  the  process  we  owe  chieHy  to  Kuhne.     This  author  I  relieved 

that  the  proteiti  f)asse8  thrf>iigh  three  general  stages  l>efore  reaching 

the  final  condition  of  j^eptone.     This  view  is  indicated  briefl}'  hy  the 

following  schema : 

Native    proteid. 

Acid  albumin  (.s}TitoniiO> 

Primary  proteoses  (protalbumoses). 

»Seoon*iary  proteoses  (deuterti-albiiiuoses). 

Peptone. 

The  first  step  is  the  conversion  of  the  proteid  to  an  acid  albumin. 
This  change  may  be  considere<l  as  l)eing  chieHy  an  effect  of  the  hy- 
drochloric acid,  altliough  in  S4:)mc  way  the  combined  artion  of  the 
pepein-hydrochloric  arid  cr^mjxnmd  is  more  effective  than  a  sohition 
of  the  acid  alone  of  the  same  strength.  Like  the  ncid  allyumins  in 
general  (see  appendix),  the  syntonin  is  readily  precipitated  on 
neutralization.  In  the  beginning  of  peptic  digestion,  therefore, 
if  the  solution  is  neutralize<l  \s-ith  dilute  alkali,  an  abundant  j)recipi- 
tate  of  syntonin  occurs.  I-ater  on  in  the  digestion  neutralization 
gives  no  such  effect — the  syntonin  has  all  f)a.s.sed  into  a  further  stage 
of  digestion.  Tnder  the  influence  of  the  pepsin  the  syntonin  under- 
goea  hydrolysis,  with  the  prrxiuction  of  a  numl)er  of  Inxiics  which 
as  a  group  are  deaienated  as  priniarv'  proteoses  or  protalbumoses.* 

♦  The  product*  intenne<riate  t)etwceii  the  original  proteid  arid  tlie  f)ep- 
looe  are  dcsrnl)e<i  in  general  as  albumuHes  or  as  proleo.««H,  accordinf;  as  une 
takes  t)ie  t«rni  proteid  or  albumin  as  the  generic  name  for  the  orif^nal  sub- 
0tAnce.  The  term  proteid  is  generally  used  in  KnglLsh;  hence,  the  intennedi- 
Bte  products  are  more  appropriately  designated  as  proteoses. 
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Although  several  members  of  this  group  have  been  isolated  and  gi\'en 
separate  names,  st^  much  doubt  prevails  as  to  the  ehemical  indixid- 
uality  of  these  subsUiucas  that  it  is  !)est  perhaps  to  regard  them  as  a 
group  of  compounds  which  under  the  continued  influence  of  the 
pepsin  undergo  still  further  hydrolysis  with  the  foniiaiion  of  secon- 
dan*  prote<:)sea  or  deutjcro-albumoses.  As  comparetl  with  the  primary 
proteoses,  the  secondar\*  ones  are  distinguished  by  a  greater  solu- 
biUty ;  they  require  a  strrmger  saturation  with  neutral  salts  to  precipi- 
tate thejn.  (See  appendix.)  The  seoondarv*  proteida  undoj^o  still 
further  hydrolysis,  with  the  i^rodiiction  of  peptone,  or  i:)erhap8  it 
Would  l)e  l)etter  to  say  i:>eptone^.  Tlie  peptones  show  still  greater 
Bohilnlity,  and,  in  fact,  jx-ptone,  in  Kiihnc's  sense,  is  that  compound 
or  gnnip  of  eompounds  formed  in  lyepi'w  digestion  which,  while  still 
showing  pmteid  reactions  (biuret  reaction),  is  not  coagidated  by 
heat  nor  i)recipituted  when  its  !*olutions  are  completely  satiu^t«d 
with  anuuoniuui  sulphate.  Accurdiug  to  the  scliema  and  descrip- 
tion given  alx>AT,  the  several  stages  in  peptic  digestion  are  repre- 
sented as  following  in  setjuence.  It  should  be  stated,  however, 
that  many  authors  coa^ider  that  even  in  the  beginning  of  the 
digestion  the  proteid  molecule  may  l>e  split  into  several  comple-xes, 
and  that  some  i*f  the  end-pn>ducts  niay  ite  fonned  in  the  very 
beginning  of  the  action.  All  that  we  can  state  very  jxjsitively 
is  that  the  proteid  molecules  undergo  a  series  of  hydrolytic  cleav- 
ages, the  entl-result  of  wliich  is  that  in  place  of  the  originally  very 
large  molecule  with  a  weight  i>f  5tH)0  to  7tKW  there  is  obtained  a 
number  of  much  smaller  and  much  more  solul>le  molecules  whose 
molecular  weights  are  perhaps  only  250  to  400  or  less. 

It  was  formerly  l>elie\'eft  that  i)epsin  was  not  able  to  split  the  complex 
proteid  inoleoule  into  roiiipountla  of  a  simpler  i^tructiire  tlia»  the  fieptoiie. 
But  a  number  of  recent  authors  have  stated  that  if  time  enough  Ls  given 
the  breuking  tip  of  the  proieirl  inoleoule  may  he  as  complete  as  after  the  actioa 
of  tryjisin,  or  ufter  hyilroly^i'*  hv  acids  (i«e  Proteids  in  ap|iendix).  Tliat 
itt,  ttioiiR  with  tite  fieptotie  or  in  place  of  it  are  fouiul  certain  simpler  Ixxlies 
which  no  longer  give  the  l>itiret.  reaction,  but  are  pnvipltahle  by  phosplio- 
tuiigstic  aciil  ajul  for  which  Hofriieister  proposes  the  general  name  uf  pep* 
tokls.  They  would  correspoml,  also,  apyjarentlv.to  lite  group  of  com|H>unda 
designated  by  I'ischer  as  iieplidw  or  fKilypeptids.  In  addition,  many  of  tlio 
amido-acidri  and  nitrogenous  }^>af^Cd  which  coiihtituto  the  hiial  eud-producid 
of  the  breaking  up  of  the  proteid  molecule  nmy  be  found,* 

In  judging  the  digestive  action  of  any  given  specimen  of  natural 
or  artificial  gastric  juice  it  is  customary  to  measure  the  rapidity 
with  which  an  ins<iluble  jirot^id  is  converted  into  a  soluble  form. 
The  method  most  commonly  employed  is  that  <le\nsed  in  Pawlow's 
laboratory  Ijv  Mett.  The  Mett  test  is  made  by  sucking  white  of  egg 
into  a  thin-wEilled  p;lass  tul»e  having  an  internal  riiameter  of  I  to  2 
mms.  The  egg-albumin  is  ctjaguhited  in  the  tul>e  by  inunersing  it  for 
*  See  Hofrneister,  *'  Krgebuisise  der  Phyisiologie,"  vol.  i,  part  i,  796j  1902. 
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five  minutes  in  water  at  95°  C.  After  some  time  the  tube  is  cut  into 
lengths  of  10  to  15  mms,  and  these  are  used  to  test  the  fiigeative  action 
or  ttinoimt  of  jjepsin.  Une  or  more  of  the  tul>es  are  placed  in  the 
eolution  Uj  he  measureil  and  kept  for  ten  hours  at  body  tomperature. 
The  digestive  power  is  measurcii  in  terms  of  the  length  in  millimeters 
cf  the  column  of  egg-albumin  that  is  dissolved.  The  re[ati^'e  amoimts 
of  pepsin  in  solutions  comparetl  in  this  way  are  determined  by  the 
law  of  8chutz,  acconiing  to  which  the  digestive  power  is  proportional 
to  the  scjuare  rcjot  of  the  amount  of  pepsin.  If  in  two  sjiecimens  of 
gastric  juice  the  number  of  millimeters  of  egg  albumin  digested 
was  in  one  case  two  and  in  the  other  tliree^  the  digestive  powers  of  the 
tvio  solutions  w(fukl  be  a*?  the  stjuares  of  the  muuliers.  aii  4  to  9. 

The  Rennin  £n2:3nne  (Rennet,  Chymosin). — The  proixrty 
possetisetl  by  the  mucous  inemljmne  of  the  calf's  stomach  of  eunlling 
milk  has  been  known  from  remote  times,  and  has  l>een  utilized  in  the 
manufacture  of  cheeze  ami  curds.  I'his  action  takes  place  with 
remarkahle  rapitlily  imder  favorable  conditions,  a  large  mass  of  milk 
setting  to  a  firm  coaguhmi  within  a  verA*  hricf  time.  It  has  been 
rfiown  that  this  action  is  due  to  an  enzyme, — rennin  or  rennet.  The 
rennin,  hke  the  f)epsin,  Ls  supix)sed  to  l>e  formed  in  the  chief  cells  of 
the  gastric  tubules  and  to  be  present  in  the  glands  in  a  zymogen 
fonn.  the  proreniiin  or  pnichymosin,  which  after  secretion  is  con- 
verted to  the  active  enzyme.  This  conversion  takes  place  very 
reaflily  under  the  influence  of  acid.  Rennin  (or  its  zymogen)  may  be 
obtained  easily  from  the  mucous  membnme  of  the  stomach  (with 
the  exception  of  the  pyloric  end)  by  extracting  with  glycerin  orwater 
or  by  digesting  it  with  dilute  acid.  Good  extracts  of  rennin  cause 
the  milk  to  clot  \^nth  great  rapidity  at  a  temjjerature  of  40°  C  the 
milk  (cows'  milk),  if  undisturbe<i  setting  first  into  a  solid  clot,  which 
afterwanl  shrinks  and  presses  out  a  clear,  yellowish  liquid — tlie 
whey.  With  human  milk  the  cunl  is  much  less  firm,  and  takes" the 
form  of  loose  flocculi.  The  whole  prf>ccss  resembles  much  the  rlotting 
of  hloofl.  The  rapidity  of  clotting  is  said  to  var>'  inversely  as  the 
amount  of  rennin,  or,  in  other  wonls,  the  product  of  the  amoimt  of 
rennin  and  the  time  necessar>'  for  clotting  is  a  coastant.  The 
curdling  of  the  milk  inrolvea  two  apparently  independent  proc- 
esses: First,  the  rennin  acts  upon  the  casein  of  the  milk  and  converts 
it  into  a  substance  kno^-n  as  paracasein.  The  j)aracasein  then 
reacts  with  the  lime  salts  of  the  milk,  forming  an  insoluble  calciimi 
salt,  which  constitutes  the  curd  or  coagulum,  Acconiing  to  this 
view\  the  enzyme  does  not  cause  clotting  directly.  Wliat  takes  place 
when  the  casein  is  changed  to  paracasein  is  not  understood.  Ham- 
marsten  originally  reganled  the  change  as  a  cleavage  process,  but 
this  view  has  not  been  supix)rtetL  Others  have  supfx>sed  that  a 
transformation  or  rearrangement   of  molecular  structure  occurs. 
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Indeed,  the  differences  in  proj^erties  between  casein  and  paracasein 
are  not  great,  the  most  nmrked  difference  being  tliat  the  calcium 
salts  of  the  latter  are  insoluble.  If  soluble  calcium  salts  are  removed 
from  niiik  by  the  addition  of  oxalate  solutions  it  does  not  curdle  upon 
the  addition  of  renniu.  Addition  of  lime  salts  restores  this  property- 
It  should  be  adtlctl  that  casein  is  also  precii)itatcd  from  milk  by  the 
addition  of  an  excess  of  acid.  The  curdling  of  soiu*  milk  in  the 
formation  of  bonnyclahber  is  a  well-known  illustration  of  thLs  fact. 
When  milk  st^imls  for  some  time  the  action  of  bacteria  ujx)n  the  milk- 
Hugar  leads  to  the  formation  of  lactic  acid,  and  when  this  acid 
reaches  a  certain  concentration  it  causes  the  precipitation  of  the 
casein. 

So  far  as  our  fxvaitive  knowleilge  goes,  the  action  of  rennin  is 
confinetl  to  milk.  C^asein  is  the  rliief  proteid  constituent  of  milk, 
and  has  therefore  an  uufK>rtant  nutritive  value.  It  is  interesting 
to  find  that  before  its  |)eptic  digestion  begins  the  casein  is  acted 
upon  by  an  altogether  tUfferent  enz>Ti;e,  The  value  of  the  curdling 
action  is  not  at  once  apparent,  but  w^e  may  suppose  that  casein  is 
more  easily  digested  under  the  conditinns  that  exist  in  the  body  after 
it  has  been  brought  into  a  solid  form.  This  has,  however,  been 
doubte<l,  and  it  has  even  l>een  suggested  that  the  process  is  a  hin- 
drance rather  than  an  aid  to  the  tligestion  of  the  casein.  Until  the 
contrar}''  is  definitely  demonstrated  it  Ls  preferable  to  assume  that 
the  jjrocess  is  of  impnrtance  in  the  digestion  of  milk.  The  action  of 
remiin  goes  no  furtlier  than  the  curdling;  the  (Ugestion  of  the  curd 
is  carried  on  by  the  pepsin,  and  later,  in  the  intestines,  by  the 
tr>'psin,  with  the  formation  of  j>roteoses  and  j)eptone8  as  in  the 
case  of  other  protcids.* 

Renniu  i.s  found  elji«where  than  in  the  ^a»tnc  mucocta.  It  has  been 
describeil  in  the  jmncreatie  juice,  in  the  testis,  and  in  many  other  orgaos 
as  well  as  in  the  tiw^ues  of  many  phmts.  lii  fart,  wherever  pnjteolvtic  enzymes 
are  found  there  aL*o  some  eWdence  of  n  curdling  action  on  milk  may  be  ob- 
tained. For  titis  reason  some  ohseners  t  have  taken  the  view  that  the  n»ilk  iH>aa:- 
ulation  Ls  not  due  to  h  siiei-ific  fennent.  but  is  an  action  of  t!ie  pepsin  itseff. 
That  is,  the  protcolvtic  enzyme  is  capable  of  causiniE  the  chaii|2:e  from  caaein 
to  paracasein  tus  well  as  tlie  livdrolysis  of  the  i»roteid.  This  view  is  oppoeed  to 
the  prevalent  opinion  repariling  the  spf»rificity  of  enzyme  actioiiit 

.\nother  interesting  fact  concenunR  rennin  ^  that  an  animal  may  l>e  ini- 
mmiized  against  it  (see  p.  387).  If  rennin  be  injected  sulM-utaneouslv  in 
an  aninuil  an  antirennin  will  be  fonned  in  its  bloo»l.  Tlils  antirennin  adde*! 
to  milk  prevents  its  curdlinp;  by  rennin,  ^ving  a  result,  therefore,  einoilar 
to  the  reariiun  Ijetweeu  to.vms  and  antitoxins. 

The  Digestive  Changes  Undergone  by  the  Food  in  the 
Stomach. — In  adcUtion  to  the  f)erjsin  and  rennin  various  obaerx'ers 

*  For  references  to  the  very  abundant  literature  consult  Oppenheimer, 
loc,  cit. 

t  See  Pawlowand  Parastschuk.  *' Zeitschrift  f.  physioI.  Chemie,**  42,415. 
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have  described  other  enzymes  in  the  gastric  juice  or  gastric  mem- 
lirane, — a  lipase  or  fat-splitting  enzyme  (Volhard),  an  amylolytic 
or  starch-splitting  enzyme  (Friedenthal),  and  an  inverting  enzyme 
(Widdicomlw).  hut  the  normal  cxij*(ence  or  at  least  the  normal  action 
of  these  latter  enzymes  in  digestion  is  a  niaUcr  about  whit-h  little  is 
known.  As  was  .said  above,  it  is  probable  that  the  ptyalin  swallowed 
with  the  food  continues  to  exert  its  action  u]ion  the  starchy  materials 
in  the  fundas  for  a  long  time,  so  that  in  this  way  the  starch  digestion 
in  the  .stomach  may  lie  important.  Regarding  the  fats,  it  is  usually 
believed  that  they  undergo  no  truly  iligestivc  change  in  the  stomach. 
They  are  set  free  from  their  intijimte  mixture  with  other  fotid- 
stiiffs  by  the  diss/Mving  action  of  the  gastric  juice  upon  pmteitts, 
they  are  liquefied  by  the  heat  of  the  body,  and  they  are  disseminated 
through  the  chyme  in  a  cc^arse  emulsion  by  the  movements  of  the 
stomach.  In  this  way  they  are  mechanically  j>repareil  so  that  the 
subsequent  action  of  the  jiancreAtic  juice  L'?  much  favored.  When, 
however,  fats  are  ingested  in  ennilsifieil  form,  as  in  milk,  for 
instance,  the  Upase  of  the  stomach,  according  ta  Volhartl,  ma}'  cause 
a  marked  hydrolysis.  It  is  supposed  that  this  action  may  be  impor- 
tant in  the  digestion  of  the  milk-fat  by  infants,  ReganJing  the 
proteids,  the  practical  p)int  of  Interest  is  hf>w  fur  they  are  digested 
during  their  stay  in  the  stomach.  It  seems  pnibalile  that  this 
question  does  not  admit  of  a  categorical  ansiA-er, — that  is.  the  extent 
of  the  digestion  varies  imder  different  circumstances,  with  the 
consistency  of  the  fotxi,  the  fluration  <»f  its  stay  in  the  stomach, 
etc.  In  the  liquid  material  (chyme)  forced  through  the  pylorus 
into  the  duodenmn  one  may  find  unchangc<l  protei<ls»  j^rimury 
or  secondary'  proteoses,  fDCptones,  or  even  the  final  split  products 
of  proteoK'tic  action.  The  true  value  of  peptic  digestion  is  not 
so  much  in  its  own  action  as  in  iti5  combined  action  with  the 
tr>*j)sin  of  the  pancreatic  juice.  The  digestion  of  the  proteids  of 
the  footl  is  effected  by  both  enzymes,  and  nonually  we  are  justified 
in  considering  them  together  as  forming  a  fieptic-trjptic  digestion. 
The  preliminar>'  digestion  in  the  stomach  is  imp<jrlant  as  regards  the 
proteid  fomls  from  several  standp(ants:  First,  in  the  matter  of 
mechanical  prejmration  of  the  foo*.l  and  its  dischai^ge  in  convenient 
quantities  easily  handled  by  the  duodenum.  Second,  in  the  more 
or  le«8  complete  hydrolysis  to  peptones  and  proteoses  whereby  the 
action  of  the  pancreatic  juice  must  lie  gnmtly  accelerate<1.  Indeed, 
in  some  cases  this  preliminar>'  action  of  the  pepsin-hydrochloric  acid 
may  l>e  absolutely  necessarv'.  Native  pmteids,  such  as  serum- 
albumin,  are  not  acted  upon  by  trypsin,  but  if  submitted  first  to 
pepsin-hydrochlorie  acid  they  are  quickly  digested  by  this  enzj-me. 
Third,  for  some  as  yet  unknown  reason  pnjteids  submitted  to  peptic 
digestion  are  split  by  the  trypsin  in  a  way  different  from  iia  action 
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on  ppoteicls  without  this  preliniinan'  treatment.  These  and  other 
facts  seem  to  indicate  that  the  peptic  digestion  is  not  so  much  an  end 
in  itself  as  a  preparation  for  sul>sequent  int^tinal  digestion.  The 
Btoniaeh,  tlierefore,  may  l>e  reinoveti  without  a  fatal  result.  .Sevend 
cases  are  on  record  in  which  the  stomach  was  practically  removed  by 
surgical  operation,  the  esophagus  being  stitcheil  to  the  duodenum.* 
The  animals  did  well  and  seemed  perfectly  normal,  although  special 
precautions  were  necessan'  in  the  matter  of  feeding. 

Absorption  in  the  Stomach. — In  the  stomach  it  is  possible  that 
there  may  be  al3Soq)tion  of  the  following  substances:  Water;  salts; 
sugars  and  dextrins  that  may  have  l>een  formed  in  salivar\'  digestion 
from  starch,  or  that  may  have  been  eaten  as  such ;  the  proteoses  and 
peptones  fonned  in  the  peptic  digestion  of  proteids  or  albuminoids. 
In  addition,  abson^tion  of  soluble  or  liquid  subst-ances — drugs, 
alcohol,  etc.,  that  have  l>een  swallowetl — may  occur.  It  was  formerly 
assumed,  without  definite?  ]>roof.  that  the  stomach  alxsorbs  easily 
such  thin^  as  water,  salts,  sugars,  and  |>eptones.  Actual  exi)eri- 
ments^  however,  nmde,  under  conditions  as  nearly  normal  as  ])Ossible, 
show,  upon  the  whole,  that  aljsorption  does  not  take  place  readily 
in  the  stomach — certainly  nothing  like  so  easily  as  in  the  intestine. 
The  methods  made  use  of  in  these  experiments  have  varieil,  but  the 
most  interesting  results  have  Ijeen  obtained  by  establishing  a  fistula 
of  the  liuodemmi  just  beyond  the  pylorus. t  After  establishing  this 
fistula  food  may  be  given  to  the  animal  and  the  contents  of  the 
stomach  as  they  pass  out  through  the  pyloric  opening  may  be 
caught  and  examined. 

WaUr, — Exi)erinients  of  the  character  just  described  shfiw  that 
water  when  taken  alone  is  practically  not  ahsoH>ed  at  all  in  the 
stomach.  Von  .Mering's  experiments  es|>ecial!y  show  that  as  soon 
as  water  is  introduced  into  the  stomach  it  begins  to  i)ass  into  the 
int-estine,  being  forcetl  out  in  a  series  of  spurts  by  the  contractions  of 
the  stomach.  Within  a  comparatively  short  time  practically  all 
the  water  can  be  recovered  in  this  w-ay.  none  or  ver\*  httle  having 
\yeen  al)sorl>ed  in  the  stomach.  For  example,  in  a  large  dog  vnih  a 
fistula  in  the  duodeniun,  500  c.c.  of  water  were  given  through  the 
mouth.  Within  twenty-five  minutes  495  c.c.  had  l>een  fon»ed  out  of 
the  stomach  through  the  duodenal  fistula.  This  result  is  not 
true  for  all  liquids;  alcohol,  for  example,  is  absorbed  readily. 

Snltsi. — Tlie  al)snrptif>n  of  salts  from  the  stomach  has  not  been 
investigated  thon>ughly.  Accorfling  to  Brandl,  sodium  iodid  is 
absorbed  ver>'  slowly  or  not  at  all  in  dilute  solutions.     Not  until  its 

•Ludwig  and  Ogata.  "Archiv  f.  Physiolo^."  1883,  p.  89;  Car\-aUo 
and  Pachon,  ''-Archives  de  physinlojcrie  nomi.  ot  path.,"   1894,   p.   lOfi 

t  Compare  von  Mering,  "  Verhamll.  des  Congrettses  f.  innere  Mwl-," 
12,  471,  1893;  lilkin.s  "Journal  of  Physiolog>', '^  13,  445,1892;  Brandl 
"Zeit«chrift  f.  Biologie,"  29,  277,  1892. 
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solutions  reach  a  concentration  of  3  per  cent,  or  more  does  its  absorp- 
tion become  iniport-ant.  Tliis  result,  if  applicable  to  all  the  soluble 
inorganic  salt*;,  would  indicate  tliat  under  ordinary  comlition.s  they 
are  practically  not  aljsorl»ed  in  the  stomach,  since  it  can  not  be  sup- 
posed that  they  are  nonnally  swallowetl  in  solutions  so  concentrated 
as  3  per  cent.  In  the  same  direction  Meltzer  rcjxjrts  that  solutions 
of  stnxhnin  are  absorbeil  with  difficulty  frojn  the  stomach  as  com- 
pared with  the  intestincji^,  n*ctum,  or  even  the  phar\nx.  It  is  said 
that  the  absorption  of  scxiium  iodid  is  very  much  facilitated  by 
the  use  of  coniiimenta,  such  as  mustard  and  pepjjer,  or  alcohol, 
wliich  act  either  by  causing  a  grc^tter  congestion  of  the  nuicous 
membrane  or  perhaj^s  by  directly  stitniilating  the  epithelial  cells. 

Sugars  and  PepOmcs. — Kxperinients  by  the  newer  methods  leave 
no  doubt  that  sugare  and  i>ei>tones  can  be  aljsorhed  from  the  stomach. 
In  von  Mering's  work  different  forms  of  sugar — dextrose,  lactose, 
saccharose  (cane-sugar).  jiuthiKse,  and  also  dextrin — were  tested. 
They  were  all  al>8or!jeib  but  it  was  found  that  absorption  was  more 
marked  the  more  concentmted  were  the  solutions.  Brandl  reports 
that  sugar  (dextmse)  and  peptone  are  not  sensibly  absorberj  until 
the  concentration  has  reached  5  jxr  cent.  With  these  substances 
also  the  ingestion  of  condiments  or  of  alcohol  increases  distinctly  the 
absorptive  processes  in  the  ston^ach.  Examination  of  the  mucous 
membrane  of  a  stomach  in  full  digestion  shows  that  it  contains 
albumoses  (Glaessner), — a  fact  that  indicat<*s  some  ahs4irption. 
Direct  examination  of  the  stomach  contents*  indicates  that  the 
products  of  f>e[itic  action  lieyonii  tlie  albujnose  stage — namely, 
the  peptones,  peptids,  and  amido-lnxhes — are  ab6orV)ed.  On  the 
whole,  however,  it  would  seem  (hat  sugars  and  peptones  are  ab- 
sorbed with  some  difficulty  from  the  stomach. 

Fals, — As  we  have  seen,  fats  probably  undergo  no  digestive 
changes  in  the  stomach.  The  ]irocesses  of  saponification  and 
cmulsification  are  supposed  to  be  prehminar}-  steps  to  absorption, 
and,  as  these  processes  take  place  after  the  fats  have  reached  the 
small  intestine,  there  seems  to  be  no  doubt  tliat  in  the  stomach  fats 
as  usually  ingested  escape  alisorption. 

•Zun2,  "BeitrfigB  xur  cliem.  PJiyaiol.  u.  Pathol.,"  3.  339,  1903. 
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The  food  undergoes  it-s  most  profound  digestive  changee  in  t-he 
intestines,  and  here  also  the  products  of  digestion  are  mainl>'  ab- 
sorl>ed.  The  intestinal  digestion  liegins  in  the  duodenum, and  is  largely 
completed  by  the  time  that  the  food  arrives  at  the  ileocecal  valve. 
It  is  effected  thnmgh  the  combined  action  of  three  secretions, — the 
pancreatic  juice,  the  secretion  from  the  intestinal  glamls  (succus 
entericus),  and  the  bile.  These  secretions  are  mixed  with  the  food 
from  the  duodenum  on,  so  that  their  action  proceeds  simultaneously. 
For  purposes  of  description  it  is  necessar;-^  to  speak  of  each  more  or 
less  sejwirately. 

The  Pancreas. — The  pancreas  forms  a  long,  narrow  gland  reach- 
ing from  the  spleen  to  the  cur\'ature  of  the  duotlenum.  Its  main 
duct  in  man  (thict  of  Wirsung)  oi>ens  intf)  the  duodenum,  togetlier 
•v^ith  the  common  bile-duct,  aix)Ut  S  to  H)  cms.  l)eyond  the  pylorus. 
The  points  at  wliich  the  duct  or  ducts  of  the  pancreas  enter  the 
intestine  vary  somewhat  in  different  mammals.  In  the  dog  there  are 
two  ducts,  one  opening,  together  with  the  bile-duct,  al)out  3  to  5 
cms.  lielow  the  pylorus,  wlu!e  a  second  enters  the  duodenmn  some 
3  to  5  cms.  farther  down.  In  rabbits  the  principal  jMincreatic  duct 
opens  separately  into  the  duodemmi  about  35  cms.  below  the  opening 
of  the  l>ile-<luct.  The  jjancrea^s  is  a  compound  tubular  gland  like 
the  salivar)'  glands.  The  colls  lining  the  secreting  ix)rtion  of  the 
tubules,  the  alveoli,  belong  to  the  serous  or  albuminous  typ)e.  They 
are  cliaracterized  by  the  fa(*t  that  the  f>uter  iK)rtion  of  each  cell  is 
comixjsed  of  a  clear,  non-gmnukir  material  which  stains  readily. 
while  the  inner  portion,  the  fM^rlion  facing  the  lumen,  contains 
numemu.s  granules.  Histological  study  of  the  gtand  after  active 
secreti(jn,  as  compared  with  the  resting  state,  Iwis  shown  vcri'  con- 
clusively that  these  granules  represent  a  preparatory  materia]  for 
secretion.  As  the  secretion  pmceeds  the  granules  are  dissolved 
and  discharged  Into  the  Imnen,  wliilc  during  the  j^eriods  of  rest  new 
granules  are  formed  by  nietahulic  iirocesses  at  the  ex|>ense,  appar- 
ently, of  the  non-granular  material  in  the  basal  portion  of  the  cell. 
(Heidenhain,  Kiihne,  I.ea).  The  histological  picture  of  secretion 
is  in  general  the  same  in  tliis  as  in  the  salivary  and  gastric  glands, 
only  somewhat  more  distinctly  shown.  On  the  sup(N)sili(jn  that  the 
granules  constitute  an  antecedent  material  from  which  the  enz^^mcs 
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of  the  secretion  arc  fonned  they  are  frequently  designated  as  zymogen 
.granules.     The  pancreas  contains  also  certain   peculiar  groups  of 
cells,  the  islantis  (or  lx)tlie,s)  of  Langerhans.     These  cells  have  noth- 
ing to  do  with  the  digestive  activity  of  the  pancreas.     Their  function 
is  referred  to  in  tlie  sections  on  internul  s(Trrti*jns  and  nutrition. 
Composition  of  the  Secretion. —  I'he  pancix-atic  secretion  is  an 
alkaline  liquiil  which  in  some  animals  is  thin  ami  hmjnti,  in  others 
thick   and  glairy.     The  secretion   in   man   l>elongs  to  the   former 
type:  it  is  descril>ed  as  water-clear  and  as  having  a  specific  gravity  of 
l.()075.     The  secretion  may  be  collected  hy  ojtenin^  the  abdomen 
and   inserting  a  cannula  directly   intfi  the  duct,  or  a   pennanent 
fistida  may  \)c  made  hy  the  method  of   I'awlow.      This   mcthwl, 
a.pplicai)le  to  the  dog,  consists  in  cutting  out  a  small  p<>rtion  of 
"the  duodenum  where  the  pancreatie  duct  opens  and  then  suturing 
this  pieee,  with  mucous  nienibnine  outward,  into  the  abdominal 
"^rall.     The  secretion  in  this  ras(*  jK)urs  out  upon  the  exterior  and  may 
loc  eolleete<l.     Tlie  animal,  hcnveverr  suffers  nutritive  ilisturbanccs 
from  tlie  loss  of  the  secretion,  and  reijuires  careful  tlieting  and  atten- 
'tion.    The  secretion  of  the  human  jwincreas  has  been  collected  in  a 
cdngle  case*  in  wliich  for  a  few  days  it  was  necessar>'  to  *.\nun  i>ff  the 
^Mincreatic  juice  to  the  exterior.     From  the  obscrvatiuris  niatie  in  this 
•case  it  api)eiirs  that  the  secretion  in  jnan  Ls  quite  abimtlant,  amount- 
ing to  50(Tto  SIX)  c.c.  j)er  day.     In  the  cow  (Delezcnne)  fnim  I  \  to  2 
liters  may  be  collected  in  the  course  of  a  day.     The  secretion  jxtssesses 
a  stronji  alkaline  reaction,  due  to  the  presence  of  sodium  ciirltonate; 
it  contains  also  a  small  ajnount  of  coagulable  pn»teid  antl  a  nmnl»er 
of  organic  8ul>stances  in  traces.    The  imf^irtant  constituents,  how- 
e\'er.  are  three  enzymes  or  their  zymogens, — namely,  tr>'p8in,  a 
proteolytic  enzyme;  jmncreatic  difistase  (ainylopein).  an  amylolytic 
eiayme;   and  lipase  (steaj^in).  a  li|xjlytic  enzyme.    Some  authors 
state,  also,  that  the  secretion  contains  a  rennin  enzyme,    Glaessner 
reports  that  he  got  no  e\'idence  of  this  last  enzyme  in  human  pan- 
creatic juice. 

Secretory  Nerve  Fibers  to  the  Pancreas. — llie  pancreas 
receives  its  ner\'e  supply  immediately  from  the  celiac  plexus,  but 
stimulation  of  the  nerves  going  to  tliis  plexus — namely,  the  splanch- 
nics  and  the  vagi — gave  negative  results  in  the  lianils  of  most 
observers  so  far  as  the  pancreatic  secretion  was  concerned.  Pawlowf 
and  his  coworkers,  however,  have  l>een  more  successful.  Mechanical 
stimulation  or  electrical  stimulation  of  the  vag:us  or  splanchnic  gave 
them  a  marked  flow  of  i)ancreatic  juice,  but  when  the  latter  form  erf 

•See  Glfleswner.  "ZeitHchrift  f.  physiol.  Chemie,"  40,  45.5.  1903. 
t  Kor  recent   work   iitx>n   t!ie   paiirreaf   and   tlie   liiepatiire   see  Pawlow, 
"The  Work  of  the  HiKe^tivc  <iI.tn<iH,"  tmnslation  by  Thoinjisiin.  1902;   Bay- 
I  and  Stnrlinir,  "Journal  of  Phyniology, "  30.  61,  1904;  Walter,  "Archives 
dem  sdoDces  biologifpie:^."  7^  1,  1S90. 
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stimulus  was  used  it  was  neceeaan;'^  to  cut  the  splanchnic  some  days 
pre\iousIy  in  onier  that  the  vasoconstrictor  fillers  might  degenerate. 
It  seems  that  the  secretory'  activity  of  the  gland  is  preventetl  when 
there  La  an  interference  with  its  bltXKl  .supply.  In  this  resjject  the 
pancreas  differs  from  the  salivar>'  glands.  The  secretion  obtained 
upon  stimulation  of  the  nerves  is  characterized,  as  in  the  case  of  the 
gastric  glands,  by  a  long  latent  period  of  some  minutes, — a  fact  tliat 
is  explained,  although  not  satisfactorily,  on  the  assumption  that  the 
ner\'e  trunks  stijnulatctl  contain  both  sccretor>*  and  inhibit'Or>*  fibers 
and  that  the  antagonistic  action  of  the  latter  delays  the  appearance 
of  the  secretion.     These  observations  are  usually  taken  as  proof  of  the 
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Fifi.  263.^ — Four  rurv«i  of  the  ascretioo  of  th«  pftnoreatip  juice,  the  iki>o«  in  black, 
from  Walter,  showinff  the  sMretion  In  doss  on  diffennt  diats:  (1)  on  000  c.c.  of  milk:  (3) 
CD  250  gma.  bread;  (3)  oa  100  Kma.  of  meat.  The  curve  in  red,  from  Glaaacner,  anows 
the  Becretion  in  man  on  a  siiixod  diet,  soap,  moat,  and  bnad.  Tbe  fisaraa,  1,  3,  3  ate.* 
•long  the  ab«ciMa  uidioate  h<«ura  after  the  beKinDing  uf  the  nieal.  Th«  figorea  wooc  tha 
ctrdinatea  indicate  the  quantity  of  tlic  t«GrctioD  in  cubic  centimeters. 

existence  of  Hecrt'tor>'  ner\'e  fibers  to  the  pancreas;  but,  as  ^Nill  be 
explaine*!  helt>\v,  it  is  not  yet  clear  Iiow  far  these  fillers  are  con- 
cerned in  annjpuis  the  flow  of  secretion  during  (hgestion. 

The  Curve  of  Secretion.— The  rate  of  flow  of  the  pancreatic 
juice  with  reference  to  the  jx^riod  of  tligestion  has  been  tietemiineti 
by  a  niunber  of  observers.  In  the  careful  experiments  rejxjrted  by 
Walter  it  is  shown  that  the  quantity  of  secretion  is  dependent  to  a 
considerable  extent  upon  the  cliaracter  of  the  food.  Thus,  the 
flow  is  more  abundant  and  reaches  its  maximum  sooner  after  a 
meal  of  bread  ahine  than  after  a  meal  of  meat  alone.  It  seems 
pofisible  that  the  latter  point,  tbe  time  at  which  the  maximum  flow 


A 


DIGESTION   AXD   ABSORPTIOT  IN  THE   INTESTINES. 


703 


I 


is  re&ched,  may  depend  upon  the  difTerence  in  rate  at  which  these 
foods  are  ejected  from  the  stomach.  Cannon  (p.  642)  has  shown  that 
the  carbohydrate  foods  leave  the  stomach  sooner  than  the  prnttnils  or 
fatfl.  It  is  8tate<i,  however,  that  the  cotnpuaition  of  the  secretion 
vanes  also  with  the  character  of  the  food,  and  indeetl  shows  an 
adaptation  to  the  character  of  the  food.  The  secretion  caused  by 
pmteid  food  is  esptTially  ricfi  in  tryjisin,  that  caused  hy  fatty  food 
in  hpase,  etc.  Tlie  mechanism  by  wliich  this  ada]>tation  is  secured 
is  not  understood.  Glaesaner*  lias  jneasured  the  rate  of  flow  in 
man,  and  his  curve  for  a  mixetl  diet  is  represented  also  (in 
red)  in  Fig.  263.  These  curv^es  indicate  in  geneml  that  the  secretion 
of  pancreatic  jviice  begins  ver\"  soon  after  food  enters  the  .stomacli, 
and  increases  rapidly  to  a  maxinuun,  wliicJi  is  reached  somewhere 
between  the  second  and  fourth  hour.  According  to  Glaessner's 
ca^f  there  is  a  continuous  aniall  secretion  of  the  juice  during  fast- 
ing. The  observ^'ations  on  dogs,  on  the  contrar\',  indicate  an 
entire  cessation  of  the  flow  when  (he  stomach  is  empt>'. 

Boldirefft  has  Peport©<i  a  \ery  curious  activity  of  the  digestive  otKans 
duriiiie  fasting.  It  seeins  that  fin  dogs)  wlien  the  gftoniath  or  even  the  small 
iDte^«ti^c  is  empty  the  entire  gastro-intcjitiTia]  cauol  exhifnts  perio<lit'al  oul- 
brealcA  of  arlinty,  which  occur  at  intervals  of  twri  hours  and  la*!t  for  twenty 
to  thirty  minutes.  During  this  sta^  the  ?1.oniarh  ant]  intefitines  exhibit 
movements,  and  there  is  au  abundant  secretion  of  fMuicreaiic  juice,  bile,  and 
mtesttiial  juice,  which  is  sub«<}ueiitly  a)>sorlietl.  Acids  introtluceti  into 
the  stomach  or  intestines  prevent  the  tHTurrtairc  of  thoi*e  periods,  and  they 
are  absent,  therefore,  a**  long  as  the  hi<«imch  ctuitaias  ga-^iric  juice.  Tha 
autlior's  sURcestion  that  the  sorretif>iiM  thiu^  foniicil  funiiiih  active  enzymes 
which  are  aI>*orJ»cil.into  (he  blond  and  uiitizcd  by  the  timues  in  destroying 
the  newly  alit^orlted  food  doet^  not  conunend  itf^lf  a:^  probable. 

Normal  Mechanism  of  the  Pancreatic  Secretion — Secretin. 
— Much  lij^ht  wa"*  (hrnwn  up*>n  the  mechanism  of  fmncreatic  secretion 
by  the  discover>*  (l.JoIinsky*  18115)  that  ucilLs  bnaight  into  contact 
with  the  mucous  membrane  of  the  dtiodenum  set  up  promptly  a 
secretion  of  pancreatic  juice.  Since  this  discover)'  it  has  l)een  be- 
lieved that  the  acid  gastric  juice  h  the  means  that  ser\'es  to  inaugurate 
the  fiow  from  the  pancreas.  As  soon  as  any  of  the  acid  contents  of 
the  stomach  pass  through  the  pylorus  tliis  action  l>egins.  Just  as  the 
chewing  and  swallowing  of  the  fomi  initiate  the  gastric  secretion,  so 
the  acid  of  the  latter  starts  the  pancreatic  secretion.  Inasmuch  as 
the  pancreatic  gland  possesses  secreton-  fibers  it  was  assumed  at 
first  that  the  acid  acts  reflexly  through  these  filers, — that  is,  the  acid 
in  the  duixlenmn  acting  upon  senson'  endings  causes  a  reflex  stimu- 
lation of  the  efferent  secretory  fibers.  It  has  been  stated,  however, 
that  the  same  effect  takes  place  after  section  of  the  vagus  and 
splanchnic  nerves  (Popielski),and  Bayliss  and  Starling  J  have  called 

•Olaessncr,   loe.rit. 

t  Boldireff,  "Archives  dea  sciences  hiologiques/'   U,   1,   1906. 

X  Bayliss  and  StarlinR,  "Journal  of  Physiology."  28.  325.  1902. 
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attention  to  another  more  probable  explanation.  Iliese  authors  find 
that  if  tho  mucous  nie;nl>rane  of  the  duodenum  (or  jejunum)  is 
scraped  ttff  and  treatod  with  acid  (0.4  jx*r  cent.  HCl)  the  extract 
thus  mmle  when  injected  into  the  blood  sets  up  an  active  secretion  of 
pancreatic  jmce.  They  liave  shown  that  tlus  effect  is  due  to  a  special 
substance,  secretin,  which  is  formed  by  the  action  of  the  acid  upon 
some  substance  (prosecretin)  present  in  the  mucous  mejiibrane. 
Secretin  is  not  an  enzyme,  since  its  activity  is  not  destroyerl  by  l)oi]- 
ing  or  by  the  action  of  alcohol.  The  experimental  evidence  at 
present  favors  the  view  that  the  normal  sequence  of  events  is  as 
follows:  The  acid  of  the  gastric  juice  ujxjn  reaching  the  duodenum 
I>rfxluces  se<?retin;  this  in  turn  is  absorljed  by  the  blood,  carrieti  to 
the  pancreas,  and  stimulates  this  organ  to  activity.  Whether  the 
acid  in  arldition  causes  reflex  stimulation  of  the  secretor>^  nerves  is 
not  certain,  although  this  statement  is  made.  It  is  not  clear,  also,  by 
M'hat  Jiieaii-s  the  secretion  of  pancreatic  juice  is  maintaineil  through 
the  six  or  seven  hours  or  more  of  gastro-intestinal  digestion.  The 
increasetl  flow  during  the  first  hours  is  connected  with  the  increas- 
ing discharge  of  food  from  stomach  to  intestine,  but  whether  the 
effect  upon  the  |>ancreius  is  traceable  entirely  to  a  continual  fonna- 
tion  of  secretin,  or  partly  to  secretin  and  partly  to  nerve  stimulation, 
are  matters  not  yet  settletl. 

Enterokinase.— It  was  discovere<l  in  Pawlow's  lal)oratory 
(Chejxm'alnikow)  that  the  pancreatic  juice  obtaine<i  from  a  fistula 
may  have  little  or  no  digestive  action  on  proteids,  but  if  brought  into 
contact  with  the  duodenal  membmne  or  an  extmct  of  this  membrane 
it  shows  at  once  powerful  proteolytic  j^ropcrties.  Tliis  discovers  has 
been  eonfirmetl  ref>eatedlv.  Evidently  the  proteolytic  enzyme  of  the 
juice  is  secreted  in  a  zymogen  or  i)ro-enzyme  form  (typsinogen),  which 
is  activated  or  converte^l  to  tn'jKsin  by  something  contained  in  the 
mucous  membrane  of  the  stiuill  intestine  (duotienum,  jejunum). 
This  sometliing  Fawlow  supposes  is  an  enzyme,  and  since  its  action  is 
on  another  enzyme,  **a  ferment  of  ferments,"  he  designated  it  as  a 
kinase  or  enterokinase.  The  acticjn  of  the  enterokinase  seems  to  \ye 
quite  specific.  According  to  Bayliss  an<l  Starling,  tr>'psinogen  is  a 
stable  Ijody  wliich  cannot  be  changed  to  tn^psin  otherwise  than  by 
the  action  of  the  kinase;  but  a  ver>'  small  amount  of  the  latter 
suffices  to  convert  a  large  qiiantity  of  tr>'i>Rinogen,  The  aetive 
trj-^psin  itself,  on  the  other  hand,  is  very  easily  destroyed,  especially 
in  alkaline  solutions.  The  physiological  value  of  this  ver\*  interesting 
relation  is  not  clear,  but  it  seems  possible  that  it  may  serve  to  protect 
the  Using  tissues  from  the  powerful  digestive  action  of  the  trv^psin. 
The  other  enzymes  of  the  pancreatic  juice,  the  diastase  and  the  lipase, 
are  secreted  apparently  in  active  form. 
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The  Digestive  Action  of  Pancreatic  Juice. — ^llie  digestive 
actioD  of  the  secretitm  ciepeiuls  ui>on  the  three  enzymes  trv'psin, 
diastase  (amylopsin),  ami  lijiase.  The  spe4?ific  effects  of  each 
may  be  considered  separately. 

Action  of  Trypsin. — The  activated  tn'psinogen  causes  hytlrolytic 
deavage  of  the  proteitl  molecule  in  a  nianncr  analogous  to  that 
deecribed  for  fjejisin.     It'H  action  differs  from  that  of  jx^j>8in,  however, 
b  several  respects.     It  attacks  the  |)n>teid  in  neutral  as  well  as  in 
slightly  acid  or  markedly  alkaline  solutions.     Its  effect  upon  the 
prot«d  is  more  rapid  and  powerful   than  that  of  |)epsin  and   the 
proteid  molecule  is  broken  up  more   completely.     As  was  saitl  in 
describing    the    action  of    pepsin,  it    and    the   tripsin    really    act 
together, — the  change  begun  by  the  pepsin  is  comjileted  b\'  the  tryp- 
sin.    The  preliminar>'  action  of  the  pepsin  not  only  hastens  that  of 
the  trj'psin,  but  to  some  extent  alters  it;  a  proteid  submitted  first 
to  pepedn  and  then  to  trA'jein  is  more  completely  broken  up  than  if 
the  trj'pein  acteti  alone.     The  Btepa  in  the  h>-drol>*sis  of  the  proteid 
molecule  by  tr>'psin  have  been  the  subject  of  a  ver>'  great  amount  of 
stutly,  and  \'iews  as  to  the  tietails  have  changed  somewhat  rajtidly 
of  recent  years.     Kiihne  supjK^sotl  that  the  pmteitl  molecule  contains 
two  groups,  the  hemi  and  the  anti,    I'nder  the  influence  of  the  tr\'psin 
theee  are,  on  Ills  theory,  converted  into  eorresjK>nding  proteoses, 
primary  and  secondar\',  and  then  into  peptones, — hemipeptone  and 
antipeptone.     As  distinguished   from   the    pepsin,  the  try*j>sin  hy- 
clrolyzes  the  hemipeptone  still  further,  splitting  it  up  into  a  numl^er 
of  much  simpler  cr>'staliiiie  bodies,  such  as  ieucin,  tyrosin,  etc, 
Antipeptone,  on  the  contran',  resists  further  hydrt)lysis,  ami  among 
the  end-pnxlucts  of  a  prolonged  pancreatic  digestion  some  peptone 
is  always  found.    This  view  has  not  been  tupix^rtoil  by  recent  work. 
After  a  pn»longe«i  pancreatic  digestion  no  jiejitone  or  peptone-like 
body  can  l>e  found;  in  fact,  no  substance  which  gives  a  biuret  reac- 
tion.   Under  such  conditions  the  proteid  molecule  is  bntken  up  very 
completely  into  a  surprising  numWr  of   smaller  molecules,  many 
of  which  have  lieen  i<ientifitMl.  while  s<^)nic  liave  as  yet  escaped  de- 
tection so  far  as  their  chemical  structure  Ls  concerned.     The  actual 
products  formeri  depend  on  the  length  of  time  the  tr>-psin  is  allowed 
to  act  and  the  conditions,  favorable  or  unfavorable,  under  which  it 
acts.    The  end-|>nHluct,s  usually  obtained  most  easily  are  tyrosin, 
Ieucin,  aspartic  acid,  glutaniiuic  acid,  tr>'ptophan,  lysin,  arginin. 
histidin.     The  first  two  of  these  substnnces  have  \>een  kno^-n  for  a 
long  time,  and  may  be  obtained  easily   in  cr>'8talline  form  frrvni 
pancreatic  digestions,     if  the  trypsin  is  allowed  to  exert  its  complete 
action  upon  the  proteid  the  end-product3  are  closely  similar  to  those 
obtained  by  Ixiiling  proteid  with   acids.      The  hydrolysis  caused 
by  the  acids  and  by  the  tripsin  seems  to  be  nearly  identical.     The 
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numerous  products  obtained  by  this  complete  hydrolysis  consisi 
chiefly  of  amino-aciils, — that  is.  or^ganic  acids  containing  one  or  more 
amido-groups  (NH,)  in  direct  union  with  carbon.  .S>me  of  these 
bodies  are  monamino-acids, — that  is.  contain  one  \Hj  group, — such 
as  Icucin,  tyrosin,  glycocoll, — and  include  substances  belonging  to 
the  fatty  acid  series  (ahphatie  series),  the  benzene  or  carbocyciic 
series,  and  the  heterocyclic  series,  such  as  the  pjirol  and  the  indol 
group.  Others  are  diamino-acids.  containing  two  NH,  groups. 
These  latter  include  lysin,  histidin,  and  arginin,  which,  on  account 
of  their  l)asic  properties,  are  frequently  described  as  nitrogenous 
leases,  and  sometimes  as  the  hexon  bases,  since  they  contain  six 
carbon  atoms. 

Tlie  chemical  formulae  for  the  bet^  knon-n  of  theee  bodies  are  ns  foUon-s 
for  their  propenies  and  chemical  relationships  reference  must  foe  made  to 
the  text-books  on   organic   chemistry: 

I.    MONAMINO-BODIES. 
FATTY  ACID  SEHIES. 

GlycocoU  or  amido-acctic  acid:  CH^H-COOH.  This  product  U  ob- 
tained in  e>i>ecia!ly  larRe  cjuantities  by  nydrolysi.^  of  gelatin.  Accord- 
ing to  Alxlerhftldeu,*  it  is  split  off  with  dilticulty  by  Irj'psiu. 

Alanin  or  a-amidopropionic  acid:   CHjCHNHjCOOH, 

Amidovalerianic  acid:    ^||«^HCH.\H,COOH. 

Leucm  or  amidocaprolc  acid:    ^[J»^CHCH,CHNH,COOH.     As  stated 

above,  this  compound  was  one  of  the  first  emi-products  of  proteid 
hydrolysis  that   was  recognized.     It  may  be  obtained   readily  in 
crvstolliue  form. 
]  CHXlIjCOOH 

Aspartic  or  amidosuccinic  acid :      I 

CHXXKDH. 

Glutaminic  acid :   CH,  (  CH  COOH^ 


BENZENE  OR   AROUATIC  SERIES. 


Tyrorin(para-oxTrphenylamidopropionic  acid) :  C,H,OH  .  CH, .  CHXH.- 
COOff.  Tins  siubstance  \\tL*i  also  among  the  first  recognised  prod- 
ucts of  proteid  hydrolysia  It  occurs  early  in  the  process  of  pan- 
creatic digestion,  and  is  easily  obtained  in  cr>'stallLne  form  from 
the  digeste<i  mixture.  It  is  especially  interesting  because  of  the 
presence  of  a  l>enzene  nucleus,  thus  gi^^ng  proof  that  the  benzene 
grouping  occurs  nomiallv  in  the  proteid  molecule. 

PhenylaJanui  (phenylamidopropionic and) :  C,H(CH,CH\H,COOH.  This 
benzene  «lerivative  is,  according  to  .\b<lerhalden,  split  off  from  the 
proteid  with  difficultv  by  the  action  of  trj'psin,  although  readily 
produced  by  acid  hycfrolysw. 


i 


PYRROL    AND    INt>Ot.    SERIES. 

CH,— CH, 


^Pyrrolidin  carbonic  acid: 


CH, 


CHOOOH. 
NH 


This  substance,  discovered 


*  Abderhalden,  "Zeltschrift  f.  physiol.  Cheniie."  44,  17,  1905.      Consult 
for  general  description  of  the  cJigestion  of  proteids. 
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first  by  FUcher  among  the  produrts  of  acid  hydrolysia  of  proteids, 
^H  has  since  been  sliown  tu  oc-rur  in  iryptu'  diKewtion.     Like  tlie  gly- 

^B  cocoil  and    phenylalanine  it  is   itrodvu*ed  witli  dirticully  by  trypsin 

^H  acting  alone,   but  more  readily  if   tlic  tryptic  action  follows    upon 

^H         previous  peptic  digestion,  as  la  the  case  in  the  body. 
V  C  .  C 11, 

Tryptophan  (skatolamido-acetic  acid):    C,H,    C  .CH(NH,)GOOH.    This 

\  / 
SU 
substance  has  long  Ijeen  recognize*!  among  the  |»rodu*Lf*  of  tryptic 
digestion  by  the  reddish-violet  coUjr  (Tiedeinanii  and  CmcUn,  1826) 
observe<l  upon  the  o^ldition  of  rhlorin  or  bromin.  ItH  clieniical 
structure  wiLs  detemiinetl  bv  Hopkins  and  t'ole  (ItKJl).  According 
lo  miinper  *  trvptopban  L*  an  indol  coiiijKmnd  of  the  formula 
C .  CHCOOUCIljNH,.     Wlieu  fed  to  dogs  it  causes  the  apj^ear- 

NH 

juice  of  k>*nurenic  acid  (C,oH7Nr>j)  in  the  urine. 

It  is  tnte^e^liIlg  as  sliowing  the  exbtence  of  an  indol  grouping 
in  the  proteifl  molecule. 

II.  Thk   Diamino-bodies   (Hbxon  Bases). 

Lysin   (a-r-diainidoranroic  acid):    C,HuN,0,  or  CH,N'H,(CHj)jCHNH,- 

COOH. 
Arginin  (guanidin  «-uHiid(ivalerianic  acid):  C|H,4N40|  or  NHCNH,NH- 

CH,(CH,),CHNHjCOUH. 
Histidin:   C\H,N,0,. 
These  three  sui)slaiices  occur  among  the  products  of  imiicreatic  digestion. 

Tliey  may  be  separatol  from  the  nionamini>-iKJ<liea  by  the  fact  that 

they  are    precipitatetJ   in   acid  ?-olutions   by  phosphoturigslic  acid 

while  the  monaniiro-aciils  ure  not. 

The  Significance  of  Tryptic  Digestion.— It  was  formerly 
supposed  tlmt  the  object  of  peptic  and  tryptic  digestion  is  to 
convert  the  insoluble  and  non-diahzable  proteids  into  the  simpler, 
more  soluble,  and  more  thffusibic  jx'ptouef!  and  j>rotcH)9es.  In  this 
way  absorption  of  prr)teid  material  was  explained.  This  view, 
however,  is  not  sufficient.  On  the  one  hiuuU  it  has  not  been  possible 
to  prove  conclusively  that  pephjnos  or  proteoses  are  found  in  the 
blood;  on  the  other  hand,  a  Ijettcr  knowledge  of  the  processes  of 
tryptic  or  of  jjeptic-tr>*ptic  digestion  has  shown  that  the  hydrolysis 
does  not  stop  at  the  jjeptone  stage;  the  proteid  molecule  is  split  into 
a  nimdjer  of  simpler.  cr\'8talline  substances,  the  various  amino- 
l>0(iics.  At  present  different  views  exist  as  to  the  extent  of  this  latter 
process.  Some  believe  that  the  proteid  molecule  is  entirely  broken 
down  into  it«  so-called  cntl-products,  and  that  in  order  to  ser\'e  its 
nutritive  function  these  prtnlucts  or  some  of  them  must  be  synthet- 
ically combine<i  again  during  or  after  aksorption.  This  \iew  is 
supported,  moreover,  by  the  discover}^  of  the  existence  of  the  enzyme 
erej)ein  (see  below)  in  the  intestinal  mucosa.  The  action  of  this  lat- 
ter enzyme  is  exerted  especially  upon  the  albumoses  and  })eptone8, 
♦KlUnger,  "Zeitschrift  f.  phyKioI.  Chemie/'  43,  325,  1904. 
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breaking  them  down  into  the  amido-acids,  so  that  apparently  what- 
ever peptone  or  athuiut>se  may  Ciscape  the  fmal  action  of  the  tr>'pein 
l>efore  absorjjtion  is  likely  to  l^e  acteti  upon  by  tiie  erepsin  before 
reacliing  tlie  blood.*     Another  interesting  \'iew  is  that  suggested 
by  A}>derlialden.t    According  to  this  author,  the  hydrolysis  of  the 
pmteiil  by  [)epsin   and   trypsin   (and   perJmps  by  erepsin)   is  not 
complete.     Many  aniidobudies,  such  as  tyrrjsin,  leucin,  argimn,  etc.,  < 
are  split  off  fmm  the  pruteid  molecule,  but  there  remains  behind  what  ' 
one  may  call  a  nucleus  of  the  original  molecule,  wliich  8er\'e!S  as  the 
starting  point  for  a  synthesis.    This  nucleus  is  a  substance  or  a  , 
numl>cr  of  .suhstAncen  intermediate  l)etween  the  peptone  and  the 
simpler  end-products,  and  is  sjKiken  of  as  a  jjeptid  or  peptoid  (see 
a]jpendix).     Since  it^  stnicture  is  unknown  and  it  is  prol>ably  not 
a  simple  hod\\  it  is  designated  ixs  a  jjolyj^eptid.     Abderhahlen  ha3 
shown  that  in  trv'ptio  digestion  .such  substances  are  fornietl.     That  ' 
is.  substances  wlijch  are  not  peptones,  since  they  no  longer  give  the  ! 
biuret  reaction,  but  which  have  a  certain  complexity  of  stnicture,] 
since  upt>n  hydnjlysis  with  acids  they  split  int.o  a  number  of  mona-^ 
mido-  and  diamido-bodies.     A  schenm  of  pejJtic-trj'pUc   digestion  , 
from  this  standpoint  may  l>e  given  as  follows: 

Native  nroteid. 

Peptone. 


Pdlypeptid.       Tyrosiii.  leuciii,  plutairiinic  acid,  aspartic  aouL 
a-pyrroIi<liii  carbonic  acid,  tryptophan,  etc. 
Aiginm,  lysin,  histidin. 

From  either  of  the  p<nnts  of  view  presented  it  may  ]ye  suggested  tha^ 
the  value  of  thirt  more  or  less  complete  spHtliJigof  theproteidof  the 
food  lies  in  the  possilnlity  tlmt  thereby  the  lx)dy  is  able  to  construct 
its  own  ])eculiar  type  of  proteid.  Many  tlifferent  kinds  of  proteida 
are  taken  as  food  and  many  nf  them  if  introduced  directly  into  the 
blood  act  as  foreign  material  incapable  of  nourishing  the  tissues. 
If  these  proteifls  are  Ijroken  down  more  or  less  cojnpletely  during 
digestion  the  tissue  cells  may  reconstruct  from  tlie  pieces  a  form  of 
proteid  adaptable  to  their  needs.  At  present  our  knowledge  of  what 
takes  place  (hiring  the  absorption  of  proteid  is  ver\'  iucomjilete,  and 
a  satisfactory'  theor>'  of  pmteid  nutrition  is  scarcely  poaaible  until 
this  jxjrtion  of  the  subject  is  cleared  up. 

Action  of  the  Diastatic  Enzyme  (Amylopsin)  of  the  Pan- 
creatic Secretion. — This  enzyme  is  found  in  the  secretion  of  the 

♦Vernon  ("Journal  of  PliysiLtlogy, "  .30.  330,  1904)  lielieves  that  the 
pancreatic  secretion  contains  two  proteolj-tie  enzymes. — in-psin  prr»per, 
which  converts  the  proteiJs  to  peptones,  and  pancreatic  erepttln,  uliichbrMka 
up  the  iJeptorKv-*  into  the  simpler  end-products,  the  omido-bodies. 

t  AtKlerhalileii,  toe.  cU, 
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pancreas  or  it  may  be  extracted  from  the  gland.  Its  action  upon 
starchy  foo<is  is  closely  similar  to  or  identical  with  that  of  ptyaliu. 
it  causes  an  hydrolysis  of  the  starch  with  the  pnHluction  finally  of 
maltose  and  aclux)6(.lextrin.  Before  abwvrption  these  substances  are 
further  acted  upon  by  the  nialtase  of  the  intestinal  secretion  and 
converted  to  dextrose.  The  starchy  foot!  that  est'apes  digestion  in 
the  mouth  and  stomach  becomes  mixe<.l  with  this  enzyme  in  the 
duoflemmi,  and  fn>m  that  time  until  it  reaches  the  end  of  the  large 
intestine  conditions  are  fuvonible  fur  iti^  conversion  (o  maltose  and 
dextrin.  Most  of  this  digestion  is  pn»bably  completed,  under  normal 
conditions,  before  the  contents  of  the  intestinal  canal  reach  the  ileo- 
cecal valve. 

Action  of  the  Lipolytic  Enzyme  (Lipase,  Steapsin). — The 
importance  of  the  pancYeatic  secretion  in  the  digestion  of  fat*  was 
first  clearly  stateil  by  Bernard  ( rS49).  We  know  now  that  this  secre- 
tion contains  an  acti^'e  enz\'me  capable  of  hydnilyzing  or  eaptinifying 
the  neutral  fats.  These  latter  IkkIIcs  are  chemically  esters  of  the 
trihydric  alcohol  glycerin.  When  hydnjlyzetl  tiiey  break  up  into 
glycerin  and  the  constituent  fatty  acid.  The  action  of  lipase  may 
be  re|)reaented,  therefore,  by  the  following  reaction,  ia  tlie  case  of 
paluiitin: 

C^,(C.,H,,COO),  +  3H,0  -  CJi,(OH)»  +  3<C.,H„a>0H) 

Paunitui.  Glycvrin.  Palmitic  acid. 

When  lipase  from  any  source  m  adde^!  to  neutral  oils  its  splitting 
action  Is  readily  rccog^iized  by  the  devehtpment  of  an  acid  reaction 
due  to  the  f(»nnation  of  the  fatty  aciil.  If  a  bit  of  fresh  jwincreiis 
is  addetl  to  butter,  for  example,  and  the  mixture  is  kept  at  the  body 
temperature  the  hydrolysis  of  the  fats  is  soon  made  evident  by  the 
rancid  odor  due  to  the  butyric  acid  produced.  When  {>ancreatic 
juice  is  mixe<i  with  oils  or  Ucjuid  fats  two  phenomena  may  be 
noticeti:  first,  the  splitting  of  the  fat  already  referred  to,  and,  second, 
the  emulsificution  of  the  fat.  The  lutter  pnu-ess  is  ver\'  striking. 
An  oil  is  enuilsified  when  it  is  liroken  up  into  minute  globules  that  do 
not  coalesce.  Artificial  emulsions  may  Ije  made  by  vigorous  and 
prolongetl  shaking  of  the  oil  ia  a  viscous  solution  of  soap,  mucilage, 
etc.  Milk  may  be  regarded  as  a  natural  emulsion  that  separates 
slowly  on  standing,  as  the  fat  rises  t<»  the  top  to  fonn  the  cream. 
Wlien  a  little  [>ancreatic  juice  is  added  to  oil  at  the  body  temperature 
the  mixture,  after  standing  for  some  time,  will  emulsify  readily  with 
ver^*  little  shaking  or  even  sjK)ntaneoualy.  It  is  now  known*  that 
the  emulsifieation  is  due  to  the  formation  of  s<iaps.  The  lipase  splits 
some  of  the  fats,  and  the  fatty  acid  hherateil  combines  with  the 
alkahne  salts  present  to  form  soaps.    The  emulsifieation  produced 

•Sec  Ratchford,  "Journal  of  Physiology,*'  12,  27,  1801. 
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Tinder  these  conditions  is  ver>'  fine  and  quite  pemianent,  and  it  was 
formerly  believeil  that  the  formation  of  tliis  emulsion  is  the  main 
function  of  the  pancreatic  juice  so  far  as  fats  are  concerned.  It  was 
thought  that  in  the  form  of  fine  droplets  the  fat  may  be  taken  up 
directly  by  the  epithelial  cells  of  the  villi,  and  this  \iew  was  supported 
by  the  histolo^cul  fa<'t  ihat  during  tlie  digestion  of  fats  the  epithelial 
cells  may  Ik*  shown  to  contain  fine  oil  drops  in  their  intt^rior.  'llie 
tendency  of  recent  work,  however,  has  been  to  indicate  that  the  fats 
are  completely  split  into  fatty  acitls  and  glycerin  before  absorption, 
and  that  the  emulsification  may  be  regarded,  from  a  physiological 
standfH*ijit.  as  a  ineclianical  prejjanttion  for  the  action  of  the  lipase 
rather  than  as  a  <Urect  prei^aration  for  the  act  of  absoqjtion.  llie 
two  productrt  of  the  action  of  tlie  lipase,  the  glycerin  and  the  fatty 
acid,  are  absorl>od  !w  the  epitheUum  and  again  combined  to  form 
neutral  fat.  In  cnmiection  with  this  fact  of  a  SA'nthesis  of  the  split 
products  U}  Umn  neutral  fat,  the  discover}'  by  Ivastle  and  Loeven- 
hart  (see  p.  6(30)  that  the  action  of  lijxose  is  reversible  assumes  much 
significance.  It  seems  quite  possible  that  the  same  enz>Tiie  may 
cause  both  the  splitting  of  the  fat  and  the  s\Tithesis  of  the  split 
pnxlucts,  not  only  in  the  int*>stine  during  absorption,  but  in  the 
various  tissues  during  the  metiil)olism  or  the  storage  of  fat.  Lipase 
18  found  in  the  bltxid  and  in  many  tissues, — muscle,  liver,  majnmaiy 
gland,*  etc., — and  during  its  nutritive  historj'  in  the  IkkIv  the  fat  may 
be  split  and  s\Tithesized  a  numl>er  of  times.  In  this  connection  it  is 
interesting  t*)  note  that  the  process  of  splitting  does  not  involve  much 
work.  Ver>*  little  heat  is  liberated  in  the  process,  and  a  corre- 
sfMjndiiigly  small  amount  of  energy  is  needed  for  the  synthesds.f 

The  lii)ase  as  fonnetJ  in  the  |>ancreas  is  easily  destroyed,  especially 
by  acids.  For  this  rcasiin  pmbably  it  is  not  found  usually  in  simple 
extracts  of  the  glaml  made  by  lalx)ratory  methods.  It  sliould  be 
added,  also,  that  the  action  of  this  enzyme  is  aidai  ver>' materially 
by  the  presence  of  bile.  This  latter  secretion  contains  no  li|)ase 
itself,  but  nuxtures  of  bile  and  pancreatic  juice  spht  the  neutral 
fats  much  more  m[jidly  tlian  tlic  [lancreatic  juice  alone. 

The  Intestinal  Secretion  (Succus  Entericus). — The  small 
intestine  is  lined  with  tubular  glands,  the  crypts  of  Lieberkiihn, 
which  in  parts  of  the  intestine  at  least  give  rise  to  a  liquid  secretion, 
the  so-calletl  intestinal  juice.  To  obtain  this  secretion  recourse  has 
l>een  had  txj  the  operation  known  as  the  Thin'-Vella  hstida.  In  this 
operation  a  given  portion  of  the  intestine  is  separated  from  the 
remainder  without  injuring  its  blood-vessels  or  nerves  and  the  t^'o 
ends  are  sutured  into  thr*  alKlominal  wall.  In  the  loop  thus  isolated 
the  secretions  niay  be  collected  and  experiments  may  Ije  made  upon 

*  See  Loevenhart,  "  Amer.  Journal  of  Phvsiolofrv."  6,  331,  1902. 

t  Consult   Herzog,  "  Zeilst-lirifL  f.  jtliyaiol.  Che'mie,*'  37,  383,   UH)3. 
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the  digestion  and  aljsorption  of  various  substances.  The  secretion 
from  these  loops  is  usually  said  to  ]x  small  in  cjuantity,  especiallv  in 
the  jejunum.  Pregl  estimates  tliat  as  much  as  three  liters  may  be 
formed  in  the  whole  of  the  small  intestine  in  the  course  of  a  day,  but 
this  estimate  does  not  rest  ufxtn  very  satisfacton-  tlata.  T!ie  litjuid 
is  distinctly  alkaline,  owiii^  U)  the  presence  of  Ruliuin  carltonate. 
Exp*erimenta  have  shown  tliat  this  hf|uid  has  little  or  nf»  digestive 
action  except  ujxjn  the  starches,  and  it  may  pcrhajis  \ye  doubted 
whether  it  is  a  true  secretion.  Extracts  of  the  walls  of  the  small 
intestine  or  the  juice  s(iueezod  from  these  walls  have  f>een  found  to 
contain  four  or  five  diflert^nt  enzymes  and  to  exert  a  most  ini]X)rtunt 
influence  u|x:»n  intestinal  digestion.  Whether  these  enzymes  are 
actually  secretetl  into  the  lumen  of  the  intestine  is  not  satisfactorily 
shown,  hut  since  they  are  containeil  in  the  intestinal  wall  we  must 
regard  them  as  secrt»tor>'  jirodiicts  and  consider  them  as  the  impor- 
tant and  characteristic  featurtj  of  the  intestinal  secretion.  These 
enz^Tnes  and  their  actions  are  as  follows: 

1.  £nt«rokinase  (.see  p.  704),  an  eT^zynie  whicli  in  wune  wtiy  activates  the 

proteolytic  enzyme  of  the  puiuTeatir  juice,  by  converting  the  iryp- 
Hinogen  to  tryjif^in. 

2.  Erepsin.     This  tnizyuie,  discoveretl  by  Cohnheim,*  acts  especially  upon 

tlie  deutero-iilbunioj*es  mid  neptciies,  causing  further  hyHrolysis. 
Whether  ii.s  splitting  action  upon  the  j>e|itone8  i»  roninlete  Ls  not 
BAyet  known,  but,  as  wa.'*  paid  above  (p.  70.5),  the  nntur.J  ?*ugge8tion 
reifarding  this  enzyme  i»  that  it  supplements  the  work  liegun  by 
the  trypsin. 

3.  Inverting  enzyineti    capable  of    converting  the  disaccharids  into    the 

monosaccharids.  Tne^  enrymes  are  three  in  number:  maltose, 
which  acts  upon  nmltose  (and  dextrin);  iuvertafte  or  invertin, 
which  nct.s  ti|K)ii  caiie^ugar;  and  lactase,  Avliich  actn  upon  lactose. 
Tlie  maitase  acts  upon  the  products  formed  in  the  uige:«tion  of 
rtarches,  the  maltose  and  dextrin,  convening  them  to  dextrose 
according  to  the  general   formula: 

Vultose.  Dextrose.         Dextrose. 

In  the  same  way  invertase  converts  rane-ftugar  to  dextrose  and  levu- 
lose,  and  lactase  changes  milk-sugar  to  dc\t^o^c  and  galnctone.  This 
inverting  action  is  ne<*ef*sary  to  prepare  the  carbohydrate  food  for 
nutritive  purpoHes.  Double  sugars  can  not  \ie  used  by  the  tissues 
and  would  escape  in  the  urine,  but  in  the  form  of  dextrose  or 
dextroHe  and  Ievulo.se  they  are  readily  used  by  the  ti^ues  in  their 
normal  metabolic  proocHses. 

4.  Lastly,  the  subntanre   pei-retin,   which,  a^  explaine<I  above,  may  play 

Hucii  an  im|Kirtant  r^le  in  the  control  of  the  r^ecretion  of  the  pan- 
creas. Is  foniie<l  in  the  wnll^  of  the  small  intet^tine.  It  U  not  an 
enjyme,  hut  a  more  sita^^ie  and  definite  chemical  substance  which 
is  secretetJ  or  fonned  in  the  intestinal  mucosa  in  a  preliminary  form, 

fifosecretin,  and  under  the  influence  of  acids  \»  changed  to  secretin, 
n  thiit    latter  form   it  is    absorlteil,   carried  to  the   pancreas,  and 
causes  a  fJow  of  pancreatic  secretion. 

•Cohnheim,  "  Zeitsohrift  f.  physiol.  Chcmie,"33,  451, 1901 ;  also  35,  134 
tt  geq. 
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Absorption  in  the  Small  Intestine. — Absorption  takes  place 
ven*  readily  in  the  small  intestine.  The  general  correctness  of  this 
statement  may  be  shown  by  the  use  of  is<:>lated  loops  of  the  intestine. 
Salt  solutions  of  varying  strengths  or  even  bKM>d-senini  nearly 
identifal  in  composition  with  the  animals'  own  blood  may  be  ab- 
sorbed completely  from  these  Uvops.  Examination  of  the  contents 
of  the  intestine  in  the  duodenum  and  at  the  ileocecal  valve  shows 
that  the  pniducts  fomied  in  digestion  have  largely  disappeared  in 
traversing  tins  distance.  All  the  infummlion  that  we  possess  in- 
dicates, in  fact,  that  the  mucous  membrane  of  the  small  intestine 
absorbs  readily,  and  it  is  one  of  the  pmhlems  of  this  part  nf  physio!og>' 
to  explain  the  means  by  which  tliis  absorption  is  effected.  Anatomi- 
cally two  patlis  are  open  to  t  lie  producl-s  aijsorbed.  They  may  enter 
the  blood  directly  by  paasing  into  tlie  capillaries  of  the  ^dlli,  or  they 
may  enter  the  lact-eals  of  the  villi,  pass  into  the  l\Tnph  circulation, 
and  through  the  thoracic  duct  of  the  lymphatic  system  eventually 
reach  the  blood  vascular  s\'stera.  The  older  physiologists  assimied 
that  absorj>tion  takes  place  exclusively  thrtnigh  the  central  lacteals 
of  the  villi,  and  hence  these  vessels  were  described  as  the  absorbents. 
We  now  know  tliat  the  digested  and  resynthesized  fats  are  absorl^ed 
by  way  of  the  lacteals,  but  that  the  other  products  of  digestion  are 
absorbefl  mainl\'  thmugh  the  blood-vessels  and  therefore  enter  the 
portal  system  and  jjass  through  t!ie  liver  l)efore  reaching  the  general 
circulation.  Accortling  to  observations  made  upon  a  patient  with  a 
fistula  at  the  end  of  the  small  intestine,*  food  Ix^^ns  to  pass  into  the 
large  intestine  in  froni  two  to  five  and  a  quarter  houre  after  eating, 
and  it  i-Cffuires  fn*rn  nine  to  twenty-three  hours  before  the  last  of  a 
meal  has  passed  the  ileocecal  valve;  this  estimate  includes,  of  couree, 
the  time  in  the  stomach.  During  tliis  passage  absorption  of  the 
digested  prcjdvict-s  takes  place  nearly  completely.  In  the  fistula  case 
referred  to  al)ove  it  was  found  tliat  85  per  cent,  of  the  proteid  had 
disappearetl.  and  similar  facts  are  known  regarding  the  other  food- 
stuffs. The  problems  that  have  excited  the  greatest  interest  Jiave 
been,  first,  the  exact  form  in  which  the  digested  products  are  ab- 
sorbefl, and,  second,  the  means  by  wliifh  this  absorption  is  effected. 
With  regani  to  the  last  (juestion,  nuioli  work  has  been  done  to 
ascertain  whether  the  known  physical  laws  of  diffusion,  osmosis, 
and  imbibition  are  sufficient  to  account  for  the  movements  of  the 
absorbed  substances  or  whether  it  is  necessary'  to  refer  them  in 
part  to  some  unknown  acti\4ties  of  the  living  epithelial  cells.  It 
•would  seem  that  diffusion  and  osmosis  occur  in  the  intestinea. 
Concentrated  solutions  of  neutral  salts, — sodiiun  chlorid,  for  instance, 
— if  intnKluce<l  into  a  Thiry-Vella   loop,  cause  a  flow  of  water  into 

*  Mucfadyen,   Nencki,  and  Sieber,  *' Archiv  f.  experiment.    Pathol,   u. 
Pharroakol./^  28,  311,  1891. 
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tJic  Ixunen  in  accordance  with  their  high  osmotic  pressure,  and,  on 
the  other  hand,  some  of  the  sodium  chlorid  diffuses  into  the  blood 
in  accordance  with  the  laws  of  diffusion.  It  seems  ef[ually  clear, 
however,  that  absorption  as  it  actually  takes  place  is  not  governed 
simply  by  knouTi  physical  laws.  Thus,  the  aniniars  own  serum  * 
poflseesiDg  presumably  the  siune  concentration  and  osmotic  pres- 
sure as  the  animars  bkxxl,  is  alisorlxnl  completely  from  a  Thiry- 
Vella  loop.  So  als4>  it  has  been  shown  that  in  the  absorption  of 
salts  from  the  intestinet  the  rapi<lit>'  of  absoq>tion  stands  in  no 
direct  relation  to  the  ciiffusion  velocity.  The  ener^'  that  controls 
absorption  resides,  therefore,  in  the  wall  of  the  intestine,  presumably 
in  the  epnthelial  cells,  and  constitutes  a  s[>ecial  f(>nn  of  imbibition 
which  is  not  yet  understoiul.  That  this  jxirticular  fonn  of  energ}' 
is  connected  with  the  living  stnictiire  is  shown  by  the  fact  that 
when  the  walls  are  injured  by  the  action  of  s<Mlium  fluorid,  potas- 
siimi  arsenate,  etc.,  their  absorptive  power  is  diminished  ami 
absorption  then  follows  the  laws  of  ttiffusion  and  osmosis.J 

Absorption  of  the  Carbohydrates. — (hir  carbohydrate  food  is 
absorbed,  for  the  nioet  part,  as  simple  sugars, — nionosaccharids. 
As  has  been  said,  there  is  reason  to  believe  that  but  little  sugar  is 
abeorbeil  in  the  stomach.  Cane-sugar  ami  milk-sugar  are  invertetl 
in  the  small  intestine  by  invertase  and  lact^use.  the  first  licing  con- 
verted to  dextrose  and  levulose,  the  second  to  dextrose  and  galactose. 
If,  however,  these  mdKstances  are  fed  in  excess  they  are  absorl)efl  in 
part  without  conversion  to  simple  sugar,  and  in  (hat  case  may  \^ 
eliminateil  in  the  urine.  The  bulk  of  our  carbohydrate  fotnl  is  taken, 
however,  in  the  fonn  <if  stiirch,  and  the  r.-onditions  fi>r  absf)rp(ion  in 
this  case  are  more  favorjd>le.  The  time  retjuired  for  the  digestion  of 
the  starch  to  maltose  and  dextrin,  and  the  subs*Hjuent  inversion  of 
these  substances  to  dextR»se,  insures  a  slower  and  more  complet-e 
al>eorj)tion.  Five  hundn^d  grams  or  more  of  starch  may  be  liigested 
and  absortel  in  the  course  of  the  day  and  it  all  reaches  the  blood  in 
the  fonn  of  dextrose.  This  dextrose  enters  the  portal  vein  and  is 
liistrilmted  first  to  the  liver.  In  this  organ  the  excess  of  sugar  is 
withdrawn  from  the  bloo<l  and  stored  as  glycogen,  so  that  the  amount 
of  sugar  in  tlie  general  circulation  is  thereby  kept  quite  constant, — 
about  0.15  per  cent.  When  a  large  amount  of  carbohydrate  food  is 
eaten,  however,  it  is  possible  that  the  hver  may  not  be  able  to  remove 
the  e.xce8S  completely.  In  that  case  the  amount  of  sugar  in  the  gen- 
eral circulation  may  l>e  increased  alwve  nonual.  gi\ing  a  condition 
of  hyperglycemia.    In  such  cases  the  excess  is  likely  to  be  excreted 

*  noidenhain,  "Archiv  f.  i!ie  f^esammte  Physiologie, "  56,  570,  18JM. 
t  Wallace  and  Cushiiv,  "Archiv  f.  die  gesaininte  Physiologic,"  77,  202, 
1809 

ICohnheim,  *' Zeitschrift  f.  Biologic,'*  37,  443,  1800. 
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in  the  urine,  giving  the  phenomenon  known  as  **  aliinenUin'  glv^**^ 
siiria."  The  amount  of  any  eari)ohyflrate  tliat  can  l>e  eaten  without 
producing  a  condition  of  alimentan-  giycosiiria  is  designated  by 
Hofmeister*  as  the  assiiiiilalion  limit  of  that  carlx)hydrate.  If  taken 
J)eyond  this  limit  it  kmnn  a  pliysiological  excess,  and  some  is  lost 
in  the  urine.  The  assimilation  lijnit  varies  with  a  great  many 
conditions;  hut,  so  fur  as  the  different  forms  of  carlmhydrates  are 
concerned,  it  is  lowest  for  the  milk-sugar  and  highest  for  starch.  The 
simple  sugars  dialyze  easily,  and  it  w'ould  be  natural  to  suppose  that 
they  are  absorbed  into  the  blood  by  a  simple  process  of  diffusion. 
Experimental  facts,  however,  do  not  support  this  \*iew  entirely.  It 
is  stated  tliat  the  absorption  of  sugars  tU^es  not  van-  directly  as  their 
velocity  of  diifusion,  and  in  this  case,  as  with  the  other  products  of 
digestion,  it  is  necessarv  to  sissume  that  work  is  done  by  the  wall  of 
the  intestine  itself,  pmbably  the  epithelial  cells. 

S**  far  as  the  carbohyilmtes  esca|>e  absorption  as  sugar  they  are 
liable  to  undergo  acid  femientxition  fmm  the  bacteria  alwa>*8  present 
in  the  intestine.  M  the  result  of  this  fermentation  there  may  be 
produced  acetic  acid^  lactic  acid,  btityric  acid,  succinic  acid»  car)x>n 
dioxid,  alcohol,  hydrogen,  etc.  This  fennentation  ])robably  occurs 
to  some  extent  in  the  small  intestines  under  normal  conditions. 
Alacfadyen.t  in  the  case  already  referred  to,  foimd  that  the  contents 
of  the  intestine  at  the  ileocecal  valve  contained  acid  equivalent  to 
tlmt  of  a  O.l  jier  cent,  solution  of  acetic  acid.  Under  less  normal 
conditions,  such  as  excess  of  sugars  in  the  diet  or  deficient  absorp- 
tion, the  large  production  of  acids  nmy  lead  to  irritation  of  the  intes- 
tines,— diarrhea,  etc. 

Absorption  of  Fats. — Numerous  theories  ha\'e  been  held  in 
regard  to  the  movie  of  absorption  of  fata.  It  has  been  supposed  that 
the  emulsifel  (neutral)  fat  is  ingested  directly  by  the  epithelial  cells, 
that  the  fat  dniplets  enter  between  the  epithelial  cells  in  the  so-called 
cement  substance,  that  the  fat  droplets  are  ingested  by  leucocytes 
that  lie  l>etween  the  epithelial  rclls»  or  lastly  that  the  fat  is  first  split 
into  fatty  acid  and  glycerin  and  is  absorbed  by  the  epithelial  cells  in 
these  forms.  The  tendency  of  recent  work  is  to  favor  this  last  vie-vr 
During  digestion  the  epithelial  cells  contain  fat  droplets  without 
dou!)t,  but  it  seems  probable  that  these  drt>plets  are  formed  in  situ 
by  a  synthesis  of  the  absorl)ed  glycerin  and  fatty  acids.  The  bortler 
of  the  cell  is  said  to  be  free  from  fat  globules, — a  fact  which  would 
imlicate  that  the  neutral  fat  is  not  mechanically  ingestetl  as  oil  drops. 
But,  granting  that  the  fat  is  absorbed  in  solution,  as  fatty  acids  and 
glycerin,  the  mechanism  of  absorption  remains  unexplained.     It  is 

*  Hofmeister,  ".\rchiv  f.  exper.  PathoL  u.  Phannakol./'  25,  MO,  1889, 
and  26.  .35.5.  1890. 

t  Macfadyeti,  Nencki,  and  Sieber,  loc,  eU, 
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known  that  the  bile  as  well  as  the  pancreatic  juice  plays  an  important 
part  in  the  process.  The  pancreatic  juice  furnishes  the  lipase,  the  bile 
furnishes  the  bile  salts  (glycocholate  and  taurochobite  of  sodium) 
which  aid  the  lijxuse  in  splitting  the  neutral  fat.  ami  moreover  aid 
Rreatly  the  absorption  of  the  split  fats,  'i'his  latter  function  is  due 
probably  to  the  fact  that  the  bile  (bile  sahs)  dissolves  the  fatty  acids 
readily*  and  thus  brings  them  into  contact,  iu  suhible  form,  with  the 
epithelial  cells.  When  the  Ijile  is  <lrairied  off  from  the  intestine 
by  a  fistula  of  the  gall-bhulder  or  duct,  a  large  proportion  of 
the  fatty  fcMxls  esc^jx.'s  absorption  aiul  apfjeare  in  the  feces.  Direct 
observation  shows  that  the  fat  after  j«ussing  the  epithelial  lin- 
ing and  entering  the  stroma  of  the  vilhis  is  taken  up  by  the 
lymphatic  vessels,  the  so-calleil  hicteals.  This  fact  is  beautifulh' 
demonstrated  by  the  mere  appearance  of  the  lymphatics  of 
the  mesenterv  after  a  meal  containing  fats.  These  vessels  are 
injecte<l  with  milky  chyle  during  the  jx^riod  of  al)sorption  so  that 
their  entire  course  is  revejiled.  'J'he  chyle  on  microscopical  exami- 
nation is  foiuul  to  contain  fat  in  the  form  of  an  extremely  fine 
emulsion.  In  this  fonn  it  is  carried  to  the  thoracic  duct  and  thence 
to  the  venous  circulation.  For  hours  after  a  meal  the  bloml  contains 
this  chyle  fat.  If  a  sjx-cijiien  of  lilfx>d  is  taken  during  this  time  and 
centrifugalized  in  the  usual  way,  the  chyle  fat  may  be  collected  at 
the  top  in  the  form  of  a  cream.  It  is  an  easj-  matter  to  insert  a 
ciinnubi  into  the  thoracic  duct  at  the  point  at  which  it  opens  into  the 
sul)clavian  and  jugular  veias  and  thus  collect  the  entire  amount  of  fat 
absorlxxi  from  the  intestines  by  way  of  the  lacteals.  Experiments 
of  this  kiml  show  that,  after  deducting  the  amount  of  fat  that  escapes 
absorption  and  is  lost  in  the  feces,  the  amount  that  may  he  recovered 
from  the  thoracic  duct  is  less  than  that  taken  in  the  food.  It  seems 
probable,  therefore,  that  some  of  the  fat  is  abeorliefl  tlirectly  by  the 
blood-vessels  of  the  villi,  probably  in  the  form  of  fatty  acids  or  soaps. 
The  portion  thus  absorbed  enters  the  portal  vein  and  passes  through 
the  liver  before  reaching  the  general  circulation.  The  liver  holds 
back  more  or  less  of  the  fat  taking  this  route,  as  it  is  found  that 
during  absorption  the  liver  cells  show  an  accumulation  of  fat  droplets 
in  their  interior.!  The  amount  of  fat  that  may  be  al>sf^rl)e(J  from 
the  intestines  varies  with  the  nature  of  the  fat.  Experiments  show 
that  the  more  fluid  fats,  such  as  olive  oil,  are  absorbetl  more  com- 
pletely,— that  is,  less  is  lost  in  the  feces  than  in  the  case  of  the  more 
aolid  fats.  Comparative  experiments  have  given  such  results  aa  the 
following:  Olive  oil, — absorption,  97.7  per  cent. ;  goose  and  pork  fat, 
97.5  per  cent.;  mutton  fat,  90  to  92,5  percent.;  spermaceti,  15  per 

•See  Moore  and  Rockwood,  "Journal  of  Physiology,"  21.  58.   1897; 
aIho  Moore  aiiil  Parker,  '*  Prooeediiijcs.  Rovid  Society,"  Lonrlon,  58,  04,  1901. 
t  See  Frank,  "  Archiv  f.  Phyaiologie. "'  1892,  497,  and  1894,  297. 
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cent.  'I'he  amount  of  fat  that  may  t>e  lost  in  tbe  teces  vanes  ; 
with  other  conditions.  If.  for  instance,  an  excess  is  taken  with  the 
footl  or  if  the  bile  fluw  is  diniiiiisheci  or  suppressed  the  percentage 
in  the  feces  is  increased.  The  usual  amount  of  fat  allowed  as  a 
maximum  in  dietaries  is  from  ICM)  to  120  gms.  daily. 

Absorption  of  Proteids. — Most  of  the  experimental  work  on 
record  shows  that  the  digeste<t  proteids  are  absorbed  by  the  blood- 
vessels of  the  villi,  although  after  excessive  feeding  of  proteid  a 
portion  may  be  taken  up  also  in  the  lymphatics.*  This  accepted 
belief  rests  upwn  two  facts:  First  (Schjiiidt-Miilheim),  if  the  thoracic 
duct  (and  right  lymphatic  duct)  is  ligated,  so  as  to  shut  off  the  Ijin- 
phatic  circulation,  an  animal  will  absorb  and  metabolize  the  usual 
amount  of  proteid.  as  is  indicated  by  the  urea  excreted  during  the 
period.  Second  (Munk),  if  a  fistula  of  the  thoracic  duct  is  established 
antl  the  total  lymph  flow  from  the  intestines  is  colloctctl  during  the 
period  of  absorption  after  a  diet  of  jiroteiti,  it  is  foimd  that  there  is  no 
increase  in  the  quantity  of  the  lymph  or  in  it^  proteid  contents. 
The  fonii  in  which  proteid  is  absorbed  remains,  however,  a  myster>\ 
Under  normal  conditions  the  proteid  food  is  digested  by  the  success- 
ive actions  of  pcjiein,  trv'psin,  and  probably  erepain.  During  this 
digestion  jwptones  and  proteoses  are  formed  and  may  be  absorl)ed  aa 
stich,  ftr  they  may  he  further  l^roken  down  by  trypsin  and  erepsin  to 
the  aniiilo-bodies,  leucin,  tyrostttt  arginin,  etc.,  and  the  intermediate 
conjpounds,  the  jxjlypeptids  or  j^eptoids  (see  p.  708),  and  be  absorbed 
in  the  form  of  these  split  products.  Examination  of  the  blood  does 
not  show,  liowever,  the  j>resence  of  any  of  these  Indies,  and  in  spite 
of  the  fart  that  the  process  of  absorption  is  long  continued  and  the 
total  amount  of  aI>sorbeii  products  in  any  given  specimen  of  blood 
may  therefr>re  l)e  very  small,  it  is  perplexing  not  to  be  able  to  ob- 
tain indubitable  proof  of  the  existence  in  the  blood  of  some  of  the 
proiliicts  of  digestion.  Several  ix)ssibilities  have  been  suggested. 
It  is  conceivable  that  the  peptones  or  the  more  simple  split  products 
may  be  s>'nthesized  in  the  wall  of  the  intestine  or  in  the  liver  to 
the  proteids  of  the  blood,  the  senim-albumin  or  globulin;  it  is  poasi- 
ble  that  man>-  of  the  end-pmducts  f>f  the  digestive  splitting  may  be 
further  oxidizetl  and  converted  to  urea  in  the  liver  and  only  a 
fractional  i)art  Ije  really  synthesized  into  the  proteids  of  the  body, 
or  it  is  possible  that  the  absorl)e<l  i)roteid  exists  in  the  blood  in 
some  special  form  not  as  yet  iT^ognized.  The  whole  question  is 
evidently  one  that  can  not  l.>e  discitssed  ven^  profitably  at  present ; 
it  awaits  the  results  of  further  investigation.  In  this  connection 
attention  should  be  tUrected  to  the  fact  that  many  forms  of  proteid 
may  \ye  absorlied  ap[>arently  without  previous  digestion.  This  fact 
has  been  demonstrated  for  isolated  loops  of  the  small  intestine  and 
♦  See  Mendel,  "American  Journal  of  Physiology."  2,  137,  ISD9. 
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ills  of  the  large  intestine.  It  is,  moreover,  borne  out  by 
the  medical  practice  of  gi^'ing  enpniata  into  the  rectum  when  the 
conditions  arc  such  that  the  patient  can  not  be  fctl  in  the  nonnal 
way.  That  absorption  and  utilization  of  the  proteid  take  place 
under  such  conditions  is  shown  not  only  by  the  improved  nutritive 
condition  of  the  individual,  hut  also  by  the  increased  output  of 
nitrogen  in  the  urine.  This  phenomenon  occurs  in  parts  of  the 
intestinal  canal  in  wluch  normally  no  proteolytic  enzymes  occur,  so 
that  the  whole  process  nuist  l>e  referreil  to  an  activity  of  the  cells 
composing  the  walls  of  the  intestine.  There  seems  at  present  little 
groujids  for  a  satisfactory  exf)lanation  <jf  the  ahsorjjtion  of  proteicts, 
with  or  without  digestion,  by  a  lUrect  application  of  the  known 
laws  of  osmosis,  diffusion^  and  imbibition.  Examination  of  the 
contents  of  the  small  intestine  at  its  junction  with  the  large  shows 
that  under  normal  conditions  most  of  the  proteid  has  l>een  alv 
aorbed  l^efore  reaching  this  point.  The  process  is  continual  in  the 
large  intestine,  modified  somewhat  by  bacterial  action,  and  the 
amount  that  finally  escajx^s  absorption  and  appears  in  the  feces 
varies,  in  perfectly  normal  individuals,  with  the  character  of  the 
proteid  eaten.  According  to  Munk  *  the  easily  digestil*le  animal 
foods — such  as  milk,  eggs,  and  meat — are  al^sorbed  to  the  extent  of 
97  to  99  per  cent.,  while  with  vegetable  foods  the  utilization  is  leas 
complete;  from  17  to  30  per  cent,  of  the  proteid  may  \)e  lost  in  the 
feces  if  the  vegetable  food  is  in  such  form  as  not  to  be  attacked  readily 
by  the  digestive  secretions. 

Digestion  and  Absorption  in  the  Large  Intestine. — Ol^erva- 
tions  upon  the  secretions  of  the  h.Tge  intestine  have  l)een  made  upon 
Inmian  beings  in  cases  of  anus  pni'tematuralLs,  in  which  the  lower 
pwrtion  of  the  intestine  was  practically  isolated,  and  also  ujwn 
lower  animals,  in  which  an  artificial  anus  was  established  at  the 
end  of  the  small  intestine.  These  o^iservations  all  indicate  that 
the  secretion  of  the  hii^e  intestine,  while  it  contains  much  mucus 
and  shows  an  alkaline  reaction,  is  not  characterized  by  the  presence 
of  distinctive  enz>Tnes.  When  the  contents  of  the  small  intestine 
pass  the  valve  they  still  contain  a  certain. amount  of  unabsorl^d 
food  material.  As  was  stated  in  the  chapter  on  the  movements  of  the 
intestine,  this  material  remains  a  long  time  in  the  large  intestine,  and 
since  it  contains  the  digestive  enzymes  received  in  the  duodenum  the 
digestive  anrl  absorptive  processes  no  doubt  continue  as  in  the  small 
intestine.  This  general  fact  is  well  illustrated  in  exf)eriments  made 
upon  dogs  most  of  wht^se  small  intestine  (70  to  S3  per  cent.)  had  been 
removai-t    These  animals  couki  digest  and  aljsorb  well,  and  formed 

♦  See  Munk,  "  FIrKetmisse  der  Phyaiologie, "  vol  i,  port  i,  1902,  article, 
"Reworpiion,"  for  literature  an«l  di»4^ii**ion. 

t   Eriauger  arid  Hewlett,  "  .\incrican  Jounial  of  Physiology/*  6.  1,  1902. 
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normal  feces,  provided  care  was  taken  with  the  diet.  An  excess  of 
fat  or  indigestihle  material  caused  diarrhea  and  serious  loss  of  food 
material  iit  the  feces.  An  interesting  feature  in  the  large  intestine 
is  the  marked  absori>tion  of  water.  In  the  small  intestine  no  doubt 
water  is  absorbed  in  large  quantities,  but  its  loss  is  evidently  made 
good  by  osmosis  or  secretion  of  water  into  the  intestine,  since  the 
contents  at  the  ileocecal  valve  are  quit<?  as  fluid  as  at  the  pylorus. 
In  the  large  intestine  the  absorption  of  water  is  not  compensated  by 
a  secretion;  the  material  becomes  more  and  more  solid  as  it  ap- 
proaches the  rectimi,  and  is  thus  fomieil  into  the  feces.  The  alkaline 
reaction  of  the  contents  of  the  large  intestine  makes  a  favorable 
environment  for  the  growth  of  bacteria,  particularly  the  putrefactive 
bacteria  that  attack  proteid  material.  Putrefaction  is  a  normal 
occurrence  in  the  large  intestine,  and  much  interest  has  been  shown 
in  its  extent  and  its  possible  physiolr>gical  significance. 

Bacterial  Action  in  the  Small  Intestine. — Bacteria  are  con- 
stantly present  in  both  the  large  and  the  small  intestine.  Under 
normal  contlitions,  howe\'er,  it  would  seem  that  in  the  snmll  intestine 
only  those  bacteria  capable  of  fennenting  carbohytirate  food  show  anv 
distinct  actiWty.  Putrefactive  femicntation  of  proteid  material 
is  limited  or  absent  in  this  part  of  the  int<?strne  as  long  as  the  products 
of  prrtteid  digestion  arc  promj>tl>'  alisorbed.  Conditions  that  prevent 
or  retfird  this  absorption  favor  the  occurrence  of  proteid  putrefaction. 
Opinions  among  investigators  differ  as  to  the  means  by  which  the 
proteid  contents  are  protected  from  the  action  of  the  bacteria.  It 
has  been  shown  that  the  presence  of  carbohydrate  material  has  a 
restraining  effect  npon  prf>teid  putrefaction.  The  simplest  explana- 
tion of  tills  relation  is  that  the  fermentation  of  the  carbohydrates 
gives  rise  to  a  nimiljer  of  organic  aciils, — lactic,  acetic,  etc,, — and 
these  acids  inhibit  the  action  of  the  proteid  liacteria.  To  make  this 
explanntifin  satisfact-or}-,  however,  it  is  neccssar>*  to  show  that  the 
contents  of  the  small  intestine  possess  an  acid  reaction.  Concerning 
this  point,  however,  opinions  also  dilTer.  The  secretions  of  the  small 
intestine  are  all  alkaline  and  we  should  expect  their  contents  to  \m\e 
this  reaction.  Examination  shows  tliat  the  contents  of  the  small 
intestine  are  acid  or  not  according  to  tlte  indicator  used.  With 
phenolphthalein  they  may  give  an  acid  reaction,  while  with  litmus, 
lakmoid,  etc.,  no  such  reaction  is  obtained.*  Such  a  result  as  this 
indicates  that  no  strong  oiTB:anic  acids,  such  as  acetic  and  lactic, 
are  present,  the  phenolphthalein  being  affec^ted  jwssibly  by  the  CO,. 
As  Munk  has  stated,  however,  it  seems  that  the  contents  of  the  small 
intestine  throughout  the  duodenum  and  jejunum  are  at  least  ne^•e^ 

♦C<insult  Macfadyen,  Nencki,  and  Sieber,  loc.  cit.;  Moore  and  Berpn, 
"American  Journal  of  Physiology,"  3,  316,  1900;  Munk,  "Cenlralblatt  f. 
Pbysiologie,"  16,  33  and  146,  1902. 
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alkulinCr  and  when  carlw>hytlrates  are  used  the  reaction  may  not  only 
be  acid  to  phenolphthalein,  but  also  to  the  stronger  indicators.  On 
the  whole,  theit^foro,  it  woulii  seem  prolwhle  that  the  small  amount 
or  total  lack  of  pn)tri<l  putrefaction  in  the  tyiiall  intestine  is  due  in 
part  to  the  rapid  ahst>rpti(jn  of  the  digesteil  pmteid  and  in  part  to  an 
unfavorable  reaction.  Some  observers  contend  that  tficre  is  a 
struggle  for  exist-ence  or  antagonism  Iwtween  the  bacteria  actinp;  uj3on 
carljohydrates  and  those  living  n]^n\  pnjteitLs.  Wlien  the  former 
have  conditions  favorable  for  gmwth,  their  increase  in  some  way 
affects  injuriously  the  pmteid  liactcria.* 

Bacterial  Action  in  the  Large  Intestine. — In  the  large  intestine 
protei<l  putrefaction  is  a  constant  and  nonnal  occurrence.  The 
reaction  here  is  stateil  to  be  alkaline,  and  whatever  protei<.t  may  liave 
escaped  digestion  and  abson^tion  Ls  in  turn  act*^d  uijon  by  the  bacteria 
and  undergoes  so-calle*l  putrefactive  fenxientation.  The  splitting 
up  of  the  proteid  molecule  by  this  process  is  ver>'  complete,  and  differs 
in  some  of  its  products  from  the  results  of  hydrolytic  cleavage  as 
caused  by  acids  or  by  tr>'psin.  I'lie  list  of  end-products  of  putre- 
faction is  a  long  one.  Besides  peptones,  pmteoses,  aninionia,  and 
the  various  amido-ncid^,  there  may  Ije  producetl  such  substances  as 
indol,  skatol,  phenol,  phenyl  propionic  and  phenylacetic  acids,  fatty 
acids,  carixm  dioxid,  hytlrogen^  marsh  gas,  hydrftgen  sulphid,  et-c. 
Many  of  these  pro<lucts  arc  given  off  in  the  feces,  while  others  are 
al)sorl)ed  in  piirt  an<i  excreted  subsequently  in  the  urine.  In  this 
latter  connection  esijeciul  interest  attaches  Ut  the  phenol,  indol,  and 
skatol.  J^henol  or  carbrtlic  aci<l,  CflHj>H,  after  al*s*irption  is  c(»ni- 
bined  with  sulphuric  acid,  to  fonn  an  ethereal  sulphate  (conjugated 
sulphate)  or  phenolsul phonic  acid,  CflH|Ofc>t>,()H.  and  in  this  form 
is  found  in  the  urine.  So  also  with  cresol.  The  in(hjl,  C\HjN,  and 
akatol  (methyl-indol),  CpH^N,  are  also  al>sorl>eil.  undergo  oxidation  to 
indoxyl  and  skatoxyl,  and  are  then  combineil  or  conjugateil  with 
sulphuric  acid,  like  the  phenol,  and  in  this  form  are  found  in  the  urine 
— CgH^NUSOjOH,  or  indoxyl-sulphuric  acid,  and  C.H.NoSOjOH. 
skatoxyi-sulphuric  acid.  These  Ixxiies  have  long  been  known  to 
occur  in  the  urine,  and  the  proof  that  they  arise  primarily  from  putre- 
faction of  proteid  material  in  the  large  intestine  is  so  conclusive  as 
not  to  admit  of  any  doubt.  'I'he  amount  to  which  they  occur  in 
the  urine  is,  therefore,  an  indication  of  the  extent  of  putrefaction  in 
the  large  intestine. 

Is  the  Putrefactive  Process  of  Physiological  Importance? — 
Recognizing  that  fermentation  by  means  of  Imcteria  is  a  normal 
occurrence  in  the  gastrr>-intestinal  canal,  the  question  has  arisen 
whether  this  process  is  in  any  way  necessa*r>'  to  normal  digestion  and 
nutrition.  It  is  well  known  that  excessive  bacterial  action  may  lead 
•See  Bienstock,  •' Archiv  f.  Hygiene/'  39.  390,  1901. 
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to  intestinal  troubles,  such  as  diarrhea,  or  to  more  serious  interference 
with  general  nutrition  owing  Ui  the  formation  of  toxins.  It  is, 
however,  passible  that  some  amount  of  bacterial  action  may  be 
necessary  for  completely -normal  digestion.  As  a  spe<'ial  case  it  has 
l>een  pointetl  out  that  the  gastro-intestinal  tract  is  not  provided  with 
enzymes  capnljle  of  acting  upon  cellulose,  a  material  that  forms  such 
an  important  con.stituent  of  veget-able  fwxls.  Bacteria,  on  the  other 
hand,  may  liydrijlyze  the  cellulose  and  render  it  useful  in  nutrition. 
I^eaving  aside  this  sjK'cial  case,  the  question  as  to  the  necessity  of 
bacterial  action  has  l>een  investigated  directly  by  attempting  to 
rear  young  animals  under  j)erfectly  sterile  conditions.  Xuttall  and 
Thierfelder*  refK^rt  some  ver>'  interesting  exj>eriments  upon  guinea 
pigs  in  which  the  young  aniinaLs  frf)m  Inrth  were  kept  sterile  and  fed 
with  (perfectly  sterile  food.  They  found  that  the  animals  lived  and 
increased  in  weight,  and  concluded  therefore  that  the  intestinal 
bacteria  are  not  necessan.'  to  normal  nutrition.  This  concluaon  is 
8up|)orte<l  by  the  obser\'ations  of  I-evin*t  who  finds  that  animals  in 
the  Arctic  regions  in  many  cases  have  no  bacteria  in  their  intestines. 
SchotteliusJ  reports  contrary'  results  upon  chickens.  When  kept 
sterile  they  lost  steadily  in  weight  anti  showed  normal  growth  only 
when  supplied  with  food  containing  bacteria.  We  may  conchide» 
however,  that  the  evidence  at  jiresent  in<licates  that  the  bacterial 
fennentation  is  not  csst^ntial,  although  under  the  actual  condition.^ 
of  life  it  [>lays  a  part  in  the  tUgestive  history  of  the  foou. 

Composition  of  the  Feces. — The  leces  differ  widely  in  amount 
and  in  cojii]Mj.sition  with  the  chanicter  of  the  food.  Upon  a  diet 
conipostHl  exclu.si\ely  of  meats  they  are  small  in  amount  and  dark 
in  color;  with  an  ordinary  mixed  diet  the  amimnt  is  increased:  and 
it  is  largest  with  an  excluavely  v^etable  diet,  especially  with  vege- 
tables containing  a  large  amount  of  indigestible  material.  The 
average  weight  of  the  feces  in  twenty-four  hours  upx)n  a  mixed  diet 
is  given  as  170  gnis..  while  with  a  vegetable  diet  it  may  anioimt  to  as 
much  as  40()  or  5(X>  gms.  The  qimntitative  composition,  therefore, 
varies  greatly  with  the  diet.  Qualitatively,  we  find  in  the  feces 
the  following  things:  (1)  Indigestible  material,  such  as  ligaments  of 
meat  or  cellulose  fmm  vegetables.  (2)  I'ndigesteil  material,  such  as 
fragments  of  meat,  starch,  or  fats  which  have  in  some  way  eseajied 
digestion.  Naturally,  the  quantity  of  this  material  present  is  slight 
under  normal  conditions.  Some  fats^  however,  are  almost  always 
found  in  feces,  either  as  neutral  fats  or  as  fatty  acids,  and  to  a  small 
extent  as  calcium  or  magnesium  soaps.     The  quantity  of  fat  found  is 


♦Nuttall  aiid    ThierfeWer,  **ZeilscJirift  f.  phvsiol.  Oiemie."  21,   109. 
1895:    22.  62.   1S96;    23,  231.   1897. 

t  *•  Skaintinavisihea  Archiv  f.   Physiologie,"  16.  240,  1904. 
j"Arclnv  f.   Hygiene,"  42,  48,  1902, 
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increased  by  an  increase  of  the  fata  in  the  food  or  hy  a  deficient 
aecretion  of  bile.  (1^)  Ppochicts  of  the  intestinal  secretions.  Evi- 
dence has  accmnulatiHl  in  recent  years*  to  show  that  the  feces  in 
man  on  an  average  diet  are  composed  in  part  of  the  material  of  the 
intestinal  secretion.  The  nitmgen  of  the  feces,  foniierly  supjHJsfst  to 
represent  only  undigested  food»  seems  rather  to  have  it^  origin  largely 
in  these  secretions,  and,  therefore,  like  tlie  nitrogen  of  the  urine, 
represents  so  much  nietalKilism  in  the  IkmIv.  (4)  Fnxhicts  of  Iwic- 
terial  decomposition.  The  most  characteristic  of  these  pnxiucts  are 
indol  and  skat4>l.  They  are  crv'staliine  hodie^s  iM)sses.sing  a  (lisagree- 
able,  fecal  o<lor;  this  is  especially  tnie  of  skatol.  to  which  the  ixlor 
of  the  feces  is  mainly  due,  (5)  Ch<jlesterin,  which  is  found  always 
in  small  amounts,  and  is  probably  derived  from  the  bile.  (6)  I'^x- 
cietin.  a  crystalUzable,  non-nitrogenous  substance  to  which  the 
formula  C^gHii^SO^has  been  assigned,  is  found  in  minute  quantities. 
•(7)  Mucus  and  epithelial  cells  thrf>wn  off  from  the  intestinal  wall. 
(8)  IMgment.  In  ailditinn  to  the  color  dne  to  the  undigested  food 
or  to  the  metallic  connx)unds  contained  in  it,  there  is  nonimlly 
present  in  the  fwes  a  pigment,  urobilin  or  stercohilin,  derive*!  from 
the  pigments  (bilirubin)  of  the  bile.  I'njbilin  is  fonuwl  fnmi  the 
bilirubin  by  re<luction  in  the  large  intestine.  (D)  Inorganic  salt.s — 
salts  of  sodium,  potassium,  calcium,  magnesiimi.  and  iron.  The 
significance  of  the  cah  itun  and  irrm  salts  will  l>e  referred  to  in  a  subse- 
quent chapter,  when  sj>eaking  of  their  nutritive  imfjortance.  (10) 
Miicro-organLsms.  Great  quantities  of  bacteria  of  different  kimls  are 
found  in  the  feces. 

In  addition  to  the  feces,  there  is  found  often  in  the  large  intestine 
a  quantity  of  gas  that  may  also  be  eliniinate<i  through  the  rectum. 
This  gas  varies  in  comix>sition.  The  following  substances  have  l)een 
fouml  at  one  time  or  another:  CH,,  rOj,  H.  N,  H^S.  They  arise 
mainly  from  the  Imcterial  fennentation  of  the  proteids,  although 
some  of  the  N  may  be  derived  from  air  swalloweil  with  the  food. 

*  PrausnitJ,  *' Zeitjichrift  f.  Biologie,"  35,  335.  1897;  and  Tsuboi,  ibid., 
p.  6S. 


CHAPTER  XLIV. 


PHYSIOLOGY  OF  THE  LIVER  AND  THE  SPLEEN. 

The  liver  plays  an  imjxirtant  part  in  the  p:eneral  nutrition  of  the 
body.  I  Us  functions  are  manifold,  ijut  in  the  long  run  they  depend 
ujK>n  the  pmperti&s  of  the  liver  cell,  which  c(>nstitutes  the  anatomical 
and  physi(»logicuI  unit  of  the  orj^an.  These  cells  are  seemingly 
uniform  in  structure  thnmghoTjt  the  Avhole  substance  of  the  liver,  but 
tfi  understand  clearly  the  ilifferent  functions  they  fulfill  one  must 
have  a  clear  idea  nf  their  anaijjmical  relations  to  one  another  and 
to  the  ViUxkI- vessels,  the  lymphatics,  and  the  bile-ducts.  The  histol- 
ogy of  the  liver  lobule,  and  the  relationship  of  the  portal  vein,  the 
hepatic  art€r\',  and  the  bile-duct  to  the  lobule,  nuist  l)e  obtained  from 
the  text-books  upon  histology  and  anatomy.  It  i.s  sufficient  here  to 
nx7ill  the  fact  that  each  lobule  is  supplietl  with  blood  eoniing  in  part 
from  the  jwrtal  vein  and  in  part  from  the  hepatic  artery.  The  blood 
frrau  the  former  source  contains  the  soluble  product^s  ab5orl:>eil  from 
the  alimentar>'  canal,  such  as  sugar  and  proteid,  and  these  absorbed 
products  are  subniittetl  to  the  metiil>olic  activity'  of  the  liver  cells 
l>efore  reaching  the  genend  circulation.  The  hepatic  arter}-  brings  to 
the  liver  cells  the  arterializwl  blood  sent  out  to  the  systemic  circu- 
lation from  the  left  ventricle.  In  addition,  each  lobule  gives  origin 
to  the  bile  capillaries  which  arise  between  the  separate  cells  and  wliich 
czirn'  off  the  bile  formed  within  the  cells.  In  accordance  ^^^th  these 
facts,  the  physiolog}-  of  the  liver  cell  falls  naturally  into  two  part^. — 
one  treating  of  the  formation,  composition,  and  physiological  signifi- 
cance of  bile,  and  the  other  dealing  with  the  metal>olic  clianges  pro- 
duced in  the  nuxed  bloml  of  the  jK)rtal  vein  and  the  hepatic  artery 
as  it  flows  through  the  lobules.  In  this  latter  division  the  main 
phenomena  to  be  studied  are  the  formation  of  urea  and  the  formation 
ami  significance  of  glycogen. 

Bile. — Fmm  a  physiological  standixiint,  bile  is  jxirtly  an  excre- 
tion carrv'ing  off  cert-iun  waste  products,  and  partly  a  digestive  secre-^ 
tion  playing  an  important  rAle  in  the  absorption  of  fat«,  and  possibl) 
in  otlier  ways.  Bile  is  a  continuous  secretion ,  but  in  animals  jx>sses9-^ 
ing  a  gall-bladder  its  ejection  into  the  duodenum  is  intemiittent. 
Bile  is  easily  obtained  from  living  animals  by  establishing  a  fistula 
of  the  bile-duct  or,  as  seems  preferable,  of  the  gall-bladder.  The 
latter  operation  has  been  performed  a  numl>er  of  times  on  human 
beings.     In  some  cases  the  entire  supply  of  bile  luis  been  diverted  in 
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tliis  way  to  tlie  exterior,  and  it  is  an  interesting  physiolop:ical  fact 
that  such  patients  may  continue  to  enjoy  fair  health,  sliowiu^  that, 
whatever  part  the  bile  takes  nonnally  in  digestion  and  ahs<jrption, 
its  jjassage  into  the  intestine  is  not  at)sohitel\'  necessar\'  to  the  nu- 
trition of  the  body.  I'he  quantity  of  bile  secreted  during  the  day 
has  been  estinmtetl  for  human  beings  of  average  weight  (43  to  73 
kgms.)  as  \'ar>'ing  between  ."jOtJ  and  S(X>  c.c.  This  estimate  is  based 
upon  ol>servations  on  cases  of  biliarv'  fistula.*  Chemical  analyses 
of  the  bile  show  that,  iu  atkiition  to  the  water  ami  salts,  it  contains 
bile  pigments,  bile  acids,  cholesterin,  lecithin,  neutral  fats  ami  soaps, 
sometimes  a  trace  of  tirea,  and  a  mueihiginous  nueleo-albiunin  for- 
merly designated  imj>roi)erly  as  mucin.  The  hist-mentioned  sub- 
stance is  not  formed  in  the  liver  cells,  but  is  added  to  the  bile  by  the 
mucous  niembmne  of  the  bile-ducts  and  gall-bladder.  The  quantity 
of  these  substances  present  in  the  bile  varies  in  different  anhnals 
and  under  different  conditions.  As  an  ilhistration  of  their  relativ^e 
ini|)ortance  in  human  bile  and  of  the  limits  of  variation,  the  two 
following  analyses  by  Haimnarstent  niay  tx;  quottwl: 


I. 

Solids 2.520 

Water 97.480 

Murin  and  pigment 0.520 

Bile  suits 0.931 

Tmirorhnlate 0.3o:i4 

CUvfofholate 0.627G 

Fattv  arids  from  soap 0.1230 

Choles'teriti 0.0630 

Lecithin  ) 

h'nt  ( 

Solulile  salts 0.8070 

Insoluble  salts 0.02r>() 


0.O22O 


II. 

2.840 

97J(iO 

0.9JO 

0.814 

0.7«1 
0.024 
0.094) 

0.1286 

O.SOol 
0.0411 


The  color  of  bile  varies  in  different  animals  aecortling  to  the  pre- 
ponderance of  one  or  the  other  of  the  main  bile  pigments,  bilirubin 
anfl  bilivertiin.  The  bile  of  carnivorous  animals  has  usually  a 
golden  color,  owing  to  the  presence  of  bilind>in,  while  tliat  of  the  her- 
bivora  is  a  bright  green  from  the  bilivertiin.  The  color  of  human  bile 
seems  to  vary:  according  to  some  authorities,  it  is  yellow  or  gohien 
yellow,  and  this  seems  especially  true  of  the  bile  aa  found  in  the  gall- 
bladder of  the  ca<^laver;  according  to  others,  it  is  of  a  dark -olive  color 
with  the  greenish  tint  predominating.  Its  reaction  is  feebly  alkaline, 
and  it.s  sjiecific  gravity  varies  in  human  bile  from  \M^\  or  1.(I4<)  to 
J.()ltj.  Human  bile  does  not  give  a  distinctive  absorj>tion  spectnim, 
but  the  bile  of  some  herbivora,  after  exposure  to  the  air  at  least*  gives 
a  characteristic  spectrum. 

*  Coi»enm(i  and  \Vtii.st4iii,  '"  Journal  of  Physiology,"  10.  2i;j,  1889;  Rob- 
son,  "  PrtMceilinps  of  the  Royal  Society,"  London,  47,  4W,  1890;  Pfaff  and 
Balch.  "Jounial  of  Kxf»erimental  Metlicine/*  2,  49,  1897. 

t  Reporteti  in  "Centralbhitt  f.  Physiologic/'  18EW,  No.  8. 
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Bile  Pigments. — liilc,  acconliiig  to  the  animal  from  which  it  in 
obtained,  contains  one  or  the  other,  or  a  mixture,  of  the  two  pigments 
bilinibin  and  bilivenlin.  Biliverdin  is  suppose<i  to  stand  to  bilinibin 
in  the  relation  of  an  oxidation  product.  Bilirubin  is  given  the  formiJa 
CigHj^X^Oa.  and  Inliverdin  C,oH,(,NjO^,  the  latter  being  prepare^l 
readily  from  pure  specimens  of  the  fonner  by  oxidation.  These 
pigment,s  give  a  characteristic  reaction, known  as"  Gmelin's  reaction." 
with  nitric  acid  containing  some  nitrous  acid  (nitric  acid  vnth  a 
yellow  color).  If  a  dro]>  of  bile  and  a  drop  of  nitric  acid  are  brought 
into  contact,  the  fonnor  undergoes  a  succession  of  color  changes,  the 
order  l>eing  green,  blue,  violet,  red,  and  reddish  yellow.  The  play 
of  colors  is  due  to  successive  oxidations  of  the  bile  pigments;  starting 
with  bilirubin,  the  first  stage  (green)  is  due  to  the  formation  of  bili- 
verdin. Tlie  jiigiiient^s  formetl  in  some  of  the  other  stages  liave  been 
isolated  and  nametl.  The  reaction  is  ver>'  tielicate.  and  it  is  often 
useti  t-o  detect  the  presence  of  bile  pigments  in  other  liquids — urine, 
for  example.  The  bile  i)igruents  originate  fmm  hemoglobin.  This 
origin  was  first  indicated  by  the  fact  that  in  old  blood  clots  or  in 
extravasations  there  was  found  a  ervstalline  pjroduct.  the  so-calle<l 
^'heniatoului."  which  was  un<louhte(JK'  (icrived  from  hemoglobin, 
and  which  upon  more  careful  examination  was  pnwefl  to  l>e  identical 
with  bilinibin.  This  origin,  which  has  since  been  made  probable  l)y 
other  reactions,  is  now  universally  accei)ted.  It  is  supposed  that 
when  tlic  blood-coqjuscte  tlisintegi'atc  the  hemoglobin  is  brought  to 
the  liver,  and  there,  under  the  influence  of  the  liver  cells,  is  converted 
to  an  iron-free  comjwund,  bilinibin  or  fiiltve.nlin.  It  is  ver\'  signifi- 
cant lliat  the  iron  separated  by  this  means  from  the  hemoglobin  is, 
for  the  njost  (jart^  retained  in  the  liver,  a  snuill  ix)rtion  only  being 
secreteil  In  the  bile.  It  seems  probable  that  the  iron  held  back  in  the 
liver  is  again  iiseil  in  some  way  to  make  new  hemoglobin  in  the 
hematoix>ietic  organs.  The  l^ile  pigments  are  carried  in  the  bile  to 
the  duodenum  and  are  mixefl  with  the  food  in  its  long  |)assage  through 
the  intestine.  Unrler  iiornud  conditions  neither  bilirubin  nor  bili- 
venJin  occurs  inthe  feces, hut  in  their  place  is  found  a  reduction  prod- 
uct, urobiUn  or  atercobilin,  formal  in  the  large  intestine.  More- 
over, it  is  believed  that  some  of  the  bile  pigment  is  reabsorl»e^i  as  it 
passes  along  the  intestine,  is  carried  to  the  li\'er  in  the  portal  blood, 
and  is  again  eliniinated.  That  this  action  occurs,  or  may  occur,  has 
been  matle  i>robable  by  experiments  of  Wertheimer*  on  dogs.  It 
happens  that  sheep's  bile  contains  a  pigment  (cholohematin)  that 
gives  a  characteristic  spectnmi.  If  some  of  this  pigment  is  injected 
into  the  mesenteric  veins  of  a  dog  it  is  eliminiiterl  while  |)assing 
through  the  liver,  and  can  be  recognized  unchanged  in  the  bile. 

*  "Archives  de  ptiVisiologre  iiomiale  et  pathologique."  1892,  p.  577 
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The  value  of  this  "circulation  of  the  bile,"  so  far  as  the  pigments  are 
concerned,  is  not  apjiarent. 

Bile  Acids. — "  Bile  acids"  is  the  name  given  to  two  organic  acids^ 
glycccMk  and  UnLrocholic,  wliich  are  always  present  in  l)ile,  and, 
indeed,  fonn  very  important  constituents  of  that  secretion;    they 
occur  in  the  fonn  of  their  resjx*ctive  sodiimi  salts.     In  human  bile 
both  acitis  are  usually  found,  but  the  proix>rtion  of  taunvcholate 
is    variable,    and    in    some   cases    it    nia^^   l)e    ai)sent   altogether. 
Among  heriiivora  the  glycochokte  predominates,  as  a  nile,  although 
there  are  some  exceptions;  among  the  camivora,  on  the  other  hand, 
taurocholate  occurs  usually  in  greater  quantities,  and  in  the  dog's 
bile  it  is  present  alone.     Glycocholic  acid  has  the  fonnula  Cj^H^NtJ,, 
and  taurocholic  acid  the  fonnula  Cj^Hj^NSU^.      luich  of  tliera  can 
fce  obtained  in  the  form  of  crystals.   When  Iwiled  with  acids  or  alka- 
lies these  acids  take  up  water  and  undergo  hydrol\"tic  cleavage,  the 
reaction  l^eing  rei>re.sentetl  by  the  following  ecjuations: 


Glyeoobolic  acid. 


H,0  =  C«H„0, 
Cbouc  acid. 


*-     CH.(NH^COOH. 
GlyccMNslI  <uTiido-aoetic-*cid). 


fturocholic  mod,  Cbciuc  acid.       Taiirin  (amid^j-ethyl- 


HtUpbutuc  acjd). 


These  reactions  are  interesting  not  only  in  that  they  throw  light  on 
the  stnicture  of  the  acids,  Imt  also  Ijecause  similar  reactions  doubtless 
take  place  in  the  intestine,  cholic  acid  having  l>een  detected  in  the 
intestinal  contents.  As  the  formulas  show,  cholic  acid  is  fonued  in 
the  decomposition  of  each  acid,  and  we  may  regard  the  Ijile  acitis  as 
compounds  prcxiuced  by  the  synthetic  union  of  cholic  acid  with 
glycocoU  in  the  one  case  and  with  taurin  in  the  other.  Cholic  acid 
or  ita  compounds,  the  bile  acids,  are  usually  detecteil  \n  susj^ected 
liquids  by  the  well-known  Pettenkofer  reaction.  As  usually  per- 
formed, the  test  is  made  by  adding  to  the  lic[uid  a  few  tln)]»e  of  a  10 
per  cent,  solution  of  cane-sugar  ami  then  stn)ng  sulphuric  aciil.  The 
latter  must  be  a<lded  carcfull}*  and  the  temperature  l)e  kept  l>elow 
70°  C.  If  bile  acids  are  present,  the  licjuid  assumes  a  red-violet 
color.  It  is  now  known  that  the  reaction  c<jnsists  in  the  formation 
of  a  substance  (furfurol)  by  the  action  of  the  acid  on  sugar,  which 
then  reacts  with  the  bile  acids.  The  bile  acids  are  formetl  directly 
in  the  liver  cells.  Thisfact.  which  was  for  ak)ng  time  thesubject  of 
discussion,  has  been  demonstmted  iu  recent  years  by  an  important 
series  of  researches  made  upon  birds.  It  has  been  shown  that  if  the 
bile-duct  is  ligated  in  these  animals,  the  bile  formed  is  reabsorbed  and 
bile  acids  and  pigments  may  1^  detected  in  the  urine  and  the  blood. 
If,  however,  the  liver  is  completely  extirjjateti.  tlien  no  trace  of  either 
bile  acids  or  bile  pigments  can  be  found  in  the  blocxl  or  the  urine, 
showing  tliat  these  substances  are  not  formed  elsewhere  in  the  body 
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than  in  the  liver.     It  is  more  difficult  to  ascertain  from  what 
stances  tfiey  are  formed.     The  fact  that  ^IvfacoII  and  t-aurin  conta 
nitnigen,  and  that  the  latter  eontains  sulphur,  indicat^^  that  son 
pmteid  or  albuminoid  ronstitiienl  is  (jroken  down  during  their  ] 
ductioii. 

Kn>tn  the  slaniJ|>oint  of  nutritioti  the  taurocholate  is  interesting  w^  givii  _ 
one  of  llie  fomi:^  in  wliicli  the  sulphur  of  proteiH  material  is  eliminateii.    Some 
LrIU  lias  l>eeii  thrown  uiKjrt  t tie  uriKin  of  tuurin  hy  the  disroverj"  ( Frieiimanii*) 
that  it  may  \te  formed  from  oystin.     This  latter  !>ody»  C.HjjX^O^.  is  knonj 
to  ocriir  as  one  of  the  end-products  in  the  acid  hydroIysU  of  proteids,  and^ 
i^  possible  that  it  <h'oih>  also  in  the  tnptioereji.sin  hydrolysi.*  in  the  snu 
iiitpstiiie,  rej)resentinp  the  eml-nrodiirt  hi  whirh  the  sul]ihnr  of  the  prot6 
inole^'iile  Is  tound.     ( Vr-tin  may  t>e  oxidized  to  cysteinie  acitl  (C<><  )ilCjH,NI 
S(J,OH)  and  from  this"  tauhii  (C,H,NHj.SnjOH)'may  l)e  ohtaine<l.     It  ispwg 
able,  therefore,  thnt  the  laiirin  is  fonned  normally   from  ovstin   in  the  ' 
and  thiit  the  hitter  represents  one  of  the. split  pnKluet.<  of  proteid.t 
of  the  Huljihur  of  the  cystin  :iin>ears  h1m>  in  tiie  urine  in  oxidized  form  as  m| 
piiate.     I  iider  certain  patluilogical  conditions  the  cystin  itself  appears  in  f' 
Uline,  giving  the  plieiujiiionon  of  oystinuria. 

A  circumstance  of  considerable  physiological  significance  Is  that 
these  acids  or  their  deconij)()Kiti(m  pn)duc(i^  are  ahsorl)ed  in  part  from 
the  intestine  and  are  again  sccrcteii  by  the  liver;  as  in  the  case  of  the 
pigments,  there  is  an  intei^tinal-hopatir  circtilation.  The  value  of  this 
reabsjrption  may  lie  in  the  fact  lluU  the  bile  aei(b  constitute  a  vei 
efficient  stimtdus  to  the  bile-secreting  activity  of  the  cells,  being  o] 
of  the  l>est  of  cholagogues,  or  it  may  l>e  that  it  economizes  niateri; 
From  what  we  know  of  the  hJstor}-  of  the  bile  acids  it  ia  evident  tl 
they  are  not  to  l)e  considerctl  solely  lis  excreta:  they  have  soi 
JmporUmt  function  to  fulfill.  The  following  suggestions  as  to  thi 
\'alue  have  lieen  made:  Jn  the  first  place,  they  serve  as  a  menstruum 
fur  dissolving  the  eholesterin  which  is  constantly  present  in  the  bile 
and  which  is  an  excretion  to  be  removeii;  secondh',  they  facilitat'e 
the  s[jlitting  and  the  absorption  of  fats  in  the  intestine.  It  is  an 
undoubteti  fact  that  when  bile  is  shut  off  frtmi  the  intestine  the 
absorption  of  fats  is  verj^  much  diminished,  and  it  has  been  shown 
that  this  action  of  the  bile  in  fat  absorption  is  due  to  the  preseni 
of  the  bile  acids. 

Cholesterin. — Cholesterin  is  a  non-nitrogenous  substance  of  t! 
formula  C^^H^^O.  It  is  a  constant  constituent  of  the  l)ile,  although 
it  occurs  in  variable  <iiiantities.  Cholesterin  is  very  widely  distril>- 
uted  in  the  boily,  being  found  esjx»eially  in  t lie  white  matter  (medul- 
lary substance)  of  nerve  fibers.  It  seems,  moreover,  to  l>e  a  eonstAnt 
constituent  of  all  animal  and  plant  cells.  It  Ls  assumed  that  choles- 
terin is  not  fonned  in  the  liver,  but  that  it  is  elijniiiate<l  by  the  liver 
cells  from  the  blood,  which  collects  it  from  the  varicms  tissues  of  tJie 
body.     According  to  Nanny n.  however,  the  cholesterin  is  not  secrei 

*Frie<Jmann.  '^  HofmeiKterV  Heitriipe,"  3,  1,  1002. 

t  See  Simon,  "Johns  Hopkins  Hospital  Bulleliii/'  15,365,  1904. 
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by  the  liver  cells  proper,  but  is  atlded  to  the  secretion  while  in  the  bile 
passages — the  gall-ducts  and  gall-bladder.  That  it  is  an  excretion 
is  indicatcfi  l\v  the  fact  that  it  is  eliminated  unchanged  in  the  feces. 
Cholesterin  \a  iiisokible  in  water  or  in  dilute  saline  liqm<ls,  and  is  held 
in  solution  in  the  bile  by  ineaiLs  of  the  l)ile  acids.  We  must  regard 
it  as  a  waste  product  of  cell  life,  formed  [)robabl>'  in  minute  quantities, 
and  excrete<i  mainly  thnuigh  the  liver.  It  is  partly  eliminated 
through  the  skin,  in  the  sebaceous  and  sweat  secretions,  and  in  the 
milk. 

Lecithin,  Fats,  and  Nucleo-albumin.— I^thin,  C44HgoNPO, 
is  a  c()n»|Xiund  of  glycemphos|>honc  acid  with  fatty  acid  radicals 
(stearic,  oleic,  or  palmitic)  and  a  nitrogenous  base,  cbolin.  WTien 
hydrolyzed  by  boiling  with  alkali  it  splits  up  into  these  three  mil>- 
stances.  It  is  fotmd  gene-rally  as  such,  or  in  combination,  in  alt  cells, 
and  evidently  plays  some  as  yet  unknown  part  in  cell  metabolism. 
It  occurs  in  largest  quantity  in  the  white  matter  of  the  nervous 
system.  In  the  liver  it  occurs  to  a  considerable  extent  both  as  lecithin 
and  in  a  more  complex  combination  with  a  earbohydmte  residue,  a 
compound  designatetl  as  jecorin.  So  far  as  it  is  found  in  the  bile  it 
represents  j)ossibly  a  waste  pmduct  derivetl  fmm  the  liver  or  from 
the  body  at  large.  Little  is  known  of  its  precise  physiological  sig- 
nificance. 

The  special  imixirt^nce,  if  any,  of  the  small  proportion  of  fats 
and  fatty  acitls  in  the  bile  is  unknown.  The  n>py,  nuicilaginous 
character  of  bile  is  due  to  the  presence  of  a  hotly  fonneii  in  the  hile- 
ducts  and  gall-bladder.  This  siibstance  was  fonnerly  de^sigtiateil 
as  mucin,  but  it  is  now  known  that  in  ox  liile  at  least  it  is  not  a  true 
mucin,  but  a  nucleo-albumin  (see  appendix).  Hanunaraten  reports 
that  in  human  bile  s<jme  true  mucin  is  found-  Outside  the  fact  that 
it  makes  the  bile  viscous,  this  constituent  is  not  known  to  possess  any 
especial  physiological  significance. 

The  Secretion  of  the  Bile. — Numerous  experiments  have  been 
niade  to  ascertain  whether  or  not  the  secretion  of  bile  is  contn:(lle<l 
by  a  special  set  of  secretor>'  fibers.  The  secretitm  it^f  is  continuous, 
but  varies  in  amntmt  under  different  conditions.  These  conditions 
may  l)e  controlled  exix^rimentally  in  iwirt.  It  has  Ijeen  shown,  for 
example,  that  stimulation  of  the  spinal  cord  or  splanchnic  nen-e 
diminishes  the  flow  of  bile,  while  section  uf  the  splanchnic  branches 
may  cause  an  inereasetl  flow.  These  and  similar  actions  are  ex- 
pLiined,  however,  by  their  effect  on  the  blood-flow  through  the  Hver. 
The  splanchnics  earn,'  vasomotor  ner\'es  to  the  liver,  and  section  or 
stimulation  of  these  nerves  will  therefore  alter  the  circulation  in  the 
organ.  Since  the  secretion  increases  when  the  blood-flow  is  increased 
and  mc€  ver8<t,  it  is  belicve^l  that  in  this  case  no  special  secretory 
nerve  fibers  exist.    The  metabolic  processes  in  the  liver  cells  which 
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produce  the  secretion  prol)abiy  go  on  at  all  times,  but  the>"  are 
increased  when  the  blood-How  is  increaeetl.  We  may  believe,  there- 
fore, that  the  quantity  of  the  bile  secretion  varies  ^\'ith  the  quantity 
and  oomjxisition  of  the  l*lood  flowing  through  the  liver.  On  the 
physiological  and  phannacological  side  efforts  have  l^een  made  to 
discover  what  sul^stances  stinudate  esi^ecially  the  formation  of  bile. 
Such  substances  are  ttesignated  as  cholagogues.  The  therapeutical 
agents  capable  of  giving  this  action  are  still  a  subject  of  controversy*. 
On  the  physinlogical  side  the  following  facts  are  acceptetlr  Any  agent 
that  causes  an  hemolysis  of  red  corpuscles  increases  the  flow  of  bile, 
or  the  same  effwt  is  produced  if  a  s<jhition  of  heraoRlobin  is  injected 
directly  into  the  Ijlood.  This  result  is  in  harmony  with  the  \iev^ 
already  stated  regarding  the  significance  of  the  bile  pigments  as  an 
excretory*  product  of  hemoglobin.  The  cholagogue  whose  auction  is 
most  liistinct  and  prulonge^l  is  bile  itself.  When  feti  or  injected 
directly  into  the  circulation  bile  causes  an  undoubt^  increase  in  the 
secretion.  This  effect  is  due  both  to  the  !n!c  acids  and  bile  pigments. 
Since  the  bile  acids  have  a  hemolytic  effect  on  red  corpuscles,  it 
might  at  first  bo  assumed  tliat  their  action  as  cholagogues  is  due 
indirectly  to  this  circunistajice.  The  action  of  the  bile  acids  is. 
however,  much  more  pronounced  than  that  of  other  hemolytic  agenta, 
and  it  seems  certain,  therefore,  that  they  e.xert  a  sj^ecific  effect  on  the 
liver  cells.  I^astly,  there  is  evitience  that  the  secretin,  whose  action 
upon  the  pancreatic  secretion  has  been  described,  exerts  a  similar 
effec^t  upHL>n  the  secretion  of  bile.  Statements  differ  somewhat  in 
r^ard  to  the  ext-ent  of  this  action,  but  it  seems  to  be  certain  tbat^ 
when  acids{0.5  per  cent.  HCl)  are  injected  into  the  duodenum  or  upper 
part  of  the  jejuniuu.  the  secretion  of  bile  is  increased;  and,  since 
this  effect  takt^s  place  when  the  nervous  connections  are  severed,  the 
effect,  as  in  the  case  of  the  pancreatic  secretion,  is  explained  by  as- 
suming that  the  acid  converts  prosecretin  to  secretin,  and  this 
latter  after  absor{)tioii  into  the  blood  acts  upon  the  liver  cells .♦ 
A  similar  effect  may  lie  obtained  by  injecting  secretin  directly  into 
the  blood.  Since  during  a  meal  the  stomach  normally  ejects  acid 
chyme  into  the  duodenum,  the  importance  of  this  secretin  reaction 
in  adapting  the  secretion  of  bile  to  the  i>eriod  of  digestion  is  e\ident. 
The  Ejection  of  Bile  into  the  Duodenum — Function  of  the 
Gall-bladder. — Altiiough  the  bile  is  formed  more  or  less  continu- 
ously,  it  enters  the  duodenum  periodically  during  the  time  of  digestion. 
The  secretion  during  the  intervening  periods  is  prevented  from  enter- 
ing the  duodenum  apimrently  by  the  fact  that  the  opening  of  the 
common  bile-duct  is  closed  by  a  sphincter.  The  secretion.  therefort», 
backs  up  into  the  gall-bladder.     Acconling  to  Bruns.t  no  bile  appears 

♦See  Falloise,  quoted  in  Maly's  *' Johres-bericht  der  Thier-chemic. "  33, 
611,  1904.  t  '*  Archives  dea  sciencefl  biologiques/'  7,  S7,  1899. 
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in  the  duodcniun  as  lon^  as  the  stomach  is  empty.     When,  however,         ^^H 
a  nieai  is  taken  the  ejection  of  the  chyme  into  the  chiodentim  is  fol-         ^^H 
lowed  by  an  ejection  of  bile.*     It  would  seem,  therefore,  that  each          ^^H 
gush  of  chyme  into  the  duodenum  excites,  probably  by  reflex  action,  a          ^^H 
contraction  of  the  gall-bladder.    The  substances  in  the  chyme  that         ^^H 
are  responsible  for  the  stimulation  have  been  investigated  by  Bnms.          ^^M 
He  finds  that  acids,  alkalies,  and  starches  are  ineffective,  and  con-         ^^H 
chides  that  the  reflex  is  due  to  the  proteirls  and  fats  or  some  of  the         ^^H 
products  of  their  digestion.     The  gall-bladder  has  a  nmscular  coat         ^^H 
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M. — Curves  showing  the  velocity  of  wcretion  of  bile  into  tb«  tlu 
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muscle,  and  records  made  of  its  contractions  show 
rted  is  quite  small.     According  to  Freese.f  the  maxi 
does  not  excee<l  that  necessjirv  to  overcome  the  hy 
of  a  column  of  water  22()  mras.  in  height, — a  force,  t 
alx)ut  efjuivalent  to  the  secretion  pressure  of  bile 
\>'  Heidenlmin.     The  innervation  of  the  gall-bladder 
s  been  studieti  especially  by  Doyou.J     it  wouhi  se^ 

ftlso  Klmlnizki,  quotetl   from   Maly's  'Mahres-berit-Jit  c 

33.  617,  llJOt. 

Iini*  Hopkins  Ho*ipital  Bulletin."  June,  1905. 

'on,  "  Arrhives  de  (ihysiologie,"  1894,  p.  19. 

odeDum  on            ^^^| 
of  bread.            ^^^H 

inut«9;  the             ^^^H 
-—(BrunM.)             ^^^M 

the         ^^1 

con-         ^^M 
Jrostatic         ^^M 
herefore,         ^^M 
is  deter-         ^^M 
and  gall-          ^^H 

er                        ^^H 

730  PHYSIOLOGY  OF   DIGESTION   AND  SECRETION.  V 

the  experiments  made  by  this  author  together  with  later  experimental 
rrjMtrted  by  Freese,  that  the  bladdtT  receives  both  motor  and  in- 
hibitory fibers  by  way  of  the  splanchnic  nerves.  These  fiJ^ers  emerge 
from  the  spinal  cord  in  the  roots  of  the  sixth  thoracic  t^")  the  first 
lumbar  spinal  ner\'e,  and  pass  to  the  celiac  plexus  by  way  of  the 
splaiu'hiilL'  nerves.  Sensory  fibers  caj»able  of  causing  a  reflex  con- 
striction or  dilatation  of  the  bladder  arc  found  in  both  the  vagus  and 
splanehaic  nerves.  Stimulation  of  the  central  end  of  the  cut  splanch- 
nic causes  a  dilatation  of  the  bladder  {reflex  stimulation  of  the 
inhibitory  fibers),  while  stimulation  of  the  central  end  of  the  vagus 
causes  a  contraction  of  the  Idailik-r  and  a  dilatation  (inhibition)  of 
the  .sphincter  nuist-le  at  the  oix-ning  of  the  conimon  duct  into  the  in- 
testine. Since  these  last  movement's  are  the  ones  that  occur  during 
normal  digestion,  it  is  probable  that  the  afferent  fillers  from  the 
duodeiuim,  which  are  ronfcnied  in  tlu.s  reliex.  run  in  the  vagus. 

Effect  of  Complete  Occlusion  of  the  Bile-duct. — It  Ls  an  in- 
teresting fact  that,  when  the  flow  of  bile  Ls  completely  prevented  by 
ligation  of  the  bile-thict,  the  sUignant  li(|uid  is  not  realDSorhed  by  the 
blowl  directly,  but  by  the  lynij>lmtics  of  the  Hver.  The  bile  pig- 
ments and  bile  acids  in  such  cases  may  l>e  detected  in  the  Umph  as  it 
flows  from  the  thoracic  duct.  In  this  way  they  get  into  the  blood, 
producing  a  jaundice*!  condition.  The  way  in  which  the  bile  gets 
from  the  bilc-tliicts  into  the  hc]>atic  lymphatics  is  not  definitely 
known,  but  possibly  it  is  due  to  a  rupture,  caused  by  the  increased 
pressun?,  at  ,=tame  pi>int  in  the  rourse  of  the  delicate  bile  Ciipiilaries. 

General  Physiological  Importance  of  Bile.— The  physiological 
value  of  bile  has  l>een  referred  to  in  sfjeaking  of  its  several  constitu- 
ents. Bile  is  of  im]x»rtancc  as  an  excretion  in  that  it  removes  from 
tfie  botly  waste  |jrmlucts  of  metaljolism,  such  as  cholesterin,  lecithin, 
and  bile  pigments.  With  reference  to  the  pigments,  there  is  evidence 
to  show  that  a  part  at  least  may  be  reabsorbed  while  passing  tluough 
the  intestine,  and  l>e  used  again  in  some  way  in  the  lx>dy.  The  bile 
acids  represent  end-pro<lucts  <>f  met-aliolism  involving  the  proteids 
of  the  liver  cclls^  but  they  arc  imdoubtodly  real>3orl>etl  in  part,  and 
can  not  be  regarded  merely  as  excreta.  As  a  digestive  secretion,  the 
most  important  function  attributefl  to  the  bile  is  the  part  it  t^kes  in 
the  digestion  and  absorption  of  fats.  It  accelerates  greatly  the  action 
of  the  h})ase  of  pancreatic  juice  in  splitting  the  fats  to  fatty  acids  and 
glycerin,  and  it  aids  materially  in  the  al>sorption  of  the  pro<iucls 
of  this  hydrolysis.  A  numl>er  of  ol^servers  have  shown  that  when  a 
permanent  biliary  fistula  is  made,  and  the  bile  is  thus  prevented  from 
reaching  the  intestinal  canal,  a  large  proportion  of  the  fat  of  the  (owl 
escapes  absorption  and  is  found  in  the  feces.  This  action  of  the 
bile  may  be  referretl  directly  to  the  fact  that  the  bile  acids  sen'e  as  a- 
solvent  for  the  fats  and  fatty  acids.     It  was  formerly  believed  that- 
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bile  is  also  of  great,  importance  in  restraining  the  processes  of  putre- 
faction in  the  intestine.     It  was  asserted  that  hile  is  an  efficient 
antiseptic,  and  that  tliis  pnjjierty  coxiies  into  use  nomially  in  prevent- 
ing excessive  putrefaction.     Bacteriological  exf)eriinent.s  nia<le  hy  a 
nunil>er  of  ohsen'ers  have  shown,  however,  that  l>iie  itself  has  ven,' 
feehle  antiseptic  properties,  as  is  imlicated  hy  the  fact  that  it  putrefies 
readily.    The  free  bile  acids  and  rhohilic  aci<i  do  have  a  direct  retard- 
ing effect  up<m  putrefaclions  outjside  the  IhhIv ;  hut  this  action  is  not 
ver^-  pronounccil.  and  htus  not  Ix^n  lienionst rated  satisfactorily  for 
bile  il.self.     It  seems  to  he  generally  true  that  in  cases  of  hiliary  fistula 
the  feces  have  a  ver>'  feti<l  <xior  when  meat  and  fat  are  taken  in  the 
food.     But  the  increased  putrefaction  hi  these  eases  may  possibly  be 
an  indirect  result  of  the  witlidrawal  of  bile.     It  has  been  suggested, 
for  instance,  that  the  deficient  absorption  of  fat  that  follows  upon  the 
removal  of  the  f)ile  results  in  the  prr>tcid  and  carbohydrate  material 
V>ecoming  coated  with  an  insoluble  layer  of  fat.  so  that  the  jienetration 
of  the  digestive  enzymes  is  retarded  and  greater  oi>j>ortunity  is  given 
^or  the  action  of  bacteria.    We  may  conclude*  therefore,  that,  while 
there  does  not  seem  to  be  sufficient  warnmt  at  present  for  l>elieving 
that  the  bile  exerts  a  direct  antiseptic  action  ujmn  the  intestinal 
«ontent5,  nevertheless  ita  presence  limits  in  some  way  the  extent  of 
putrefaction. 

Glycogen. — (»ne  of  the  most  important  functions  of  the  liver  is 
the  fonuation  of  glycogen.  This  substance  was  found  in  the  liver  in 
1857  by  Claude  Heniartb  and  is  one  of  several  I)rilliiint  (liscoveries 
made  by  him.  Glycogen  1ms  the  formula  (CgHj/>5\,  which  is  also 
the  general  formida  given  to  vegetable  starch;  glycogen  is  therefore 
fre<_|uently  sjjoken  of  as  **  animal  starch."  It  gives,  however,  a  fxjrt- 
wine-red  color  with  iodin  solutions,  instead  of  the  familiar  deep  blue 
of  vegetable  starch,  and  this  reaction  serves  to  detect  glycogen  not 
only  in  its  solutions,  hut  also  in  the  liver  cells,  (ilycogen  is  readily 
soluble  in  water,  and  the  solutions  have  a  characteristic  opalescent 
appearance.  Like  starch,  glycogen  is  acte<l  iijkui  by  jityalin  and 
other  diastatic  enzymes,  and  the  end-products  are  apjiarently  the 
aanie — namely,  maltose,  or  malttwe  and  some  dextrin,  or  else  dex- 
trose, depenthng  u|>on  the  enzyme  use<J.  Under  the  influence  of 
acids  it  may  \ye  hydroKzed  at  once  to  dextrose.* 

Occurrence  of  Glycogen  in  the  Liver. — Glycogen  can  Ije 
detected  in  the  liver  cells  micmscopically.  If  the  liver  of  a  dog  is 
removed  twelve  or  fourteen  hours  after  a  hearty  meal,  hardened  in 
alcohol,  and  sectione<b  the  liver  ccfls  are  found  to  contain  clum[» 
of  clear  material  which  give  the  iodin  reaction  for  glycogen.     Kven 

•  The  exUrnsix-e  liteniture  of  ^lyoogen  is  coUect«tl  and  reviewed  by  Oe- 
meriii  the"  rCrgebni.-*Me  tier  Physiolope, "  vol.  i,  fwirt  i,  1902;  and  hy  Pfhi^r, 
"  An-hiv  f.  die  Ke^uimnte  Physiologie, "  96,  1,  1903. 
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when  distinct  aggregations  of  the  glycogen  can  not  be  made  out^  its 
presence  in  the  cells  is  shown  by  the  re<l  reaction  with  io<lin.  By 
this  simple  method  one  can  demonstrate  the  important  fact  that  the 
amount  of  glycogen  in  the  liver  increases  after  meals  and  decreases 
aprain  during  the  fastinj;  hours,  and  if  the  fast  is  sufficiently  prolonged 
it  may  dis;ipj)ear  altot^ether.  Thi.s  fact  is,  however,  shimTi  mure 
satisfactorily  by  Cjuantitative  determinations,  by  chemical  means, 
of  the  total  glycogen  present.  The  amount  of  glycogen  in  the 
liver  is  quite  variable,  being  inliuenced  by  such  conditions  as  the 
character  and  amount  f>f  the  food,  muscular  exercise,  lK>dy  tem- 
perature, dni^,  etc.  From  detenninations  made  upon  various 
animals  it  may  l>e  said  that  the  average  amount  lies  between  1.5  and 
4  jX-T  cent,  of  the  weiglit  of  the  liver.  But  this  amount  may  be  in- 
creased greatly  by  fee^ling  upon  a  diet  largely-  made  up  of  carbohy- 
drates. It  ia  said  that  in  the  dog  the  total. amount  of  liver  glycngeJi 
may  be  raised  to  17  per  cent.,  and  in  the  rabbit  to  27  per  cent.,  by 
this  means,  wliile  it  is  estimated  for  man  (Nemneister)  that  the  (.juan- 
tity  may  be  increase<l  to  at  least  10  j^er  cent.  It  is  usually  believed 
that  glycogen  exists  as  such  in  the  liver  cells,  being  deposited  in  the 
eubstanre  of  the  cytoplasm.  HoJisons  have  been  brought  forward 
to  show  that  this  is  not  strictly  tnte,  and  that  the  glycogen  is  prol> 
ably  held  in  some  sort  of  weak  chemical  combination.  It  lias  been 
eho-wn,  for  instance,  that  although  glycogen  is  easily  soluble  in  cold 
water,  it  can  not  be  extractetl  readily  from  the  liver  cells  by  tliis  agent. 
One  must  use  hot  water,  salts  of  the  heavy  metals,  and  other  similar 
agentj?  that  may  be  supi>osed  to  break  up  the  combination  in  which 
the  glycogen  exists.  For  practical  purjxises,  however,  we  may  speak 
of  the  glycogen  sm  lying  free  in  the  liver-cells,  just  as  we  sf:)eak  of 
hemoglobin  existing  as  such  in  the  red  corpuscles,  although  it  is 
proliahly  held  in  some  sfjrt  of  combination. 

Origin  of  Glycogen. —  Fo  understand  clearly  the  \news  held  as 
to  the  origin  of  liver  glx'cogen,  it  ia  necessa^^'  to  descril>e  briefly  the 
effect  of  the  differerit  foodstuffs  uptm  lis  formation. 

Effrct  oj  Carhohtjdralcs  on  the  Amount  of  Glycogen. — ^The  amoimt 
of  glycogen  in  the  liver  is  affected  ver>'  quickly  by  the  quantity  of  car- 
bohydmtes  in  the  food.  If  the  carbohydrates  are  given  in  excess,  the 
snpi>l\'  of  glycogen  may  l>e  increased  largely  beyond  the  ax-^rage 
amount  |iresent.as  has  l>een  statetl  a))ove.  Investigation  of  the  differ- 
ent sugars  has  shown  that  tiextrose,  iex-ulose,  saccharose  (cane-sugar), 
and  maltose  are  unquestionably  direct  glyeogen-formers, — that  is. 
that  glycogen  is  formed  directly  from  them  or  from  the  products  into 
which  they  are  convert etl  during  digestion.  The  bulk  of  our  car- 
bohydrate food  reaches  the  liver  as  dextrose,  or  as  dextrose  and  levu- 
lose,  and  these  forms  of  sugiu-  may  be  converted  into  glycogen  in  the 
liver  cells  by  a  simple  process  of  dehydration,  such  as  may  be  repre- 
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Bpnted  in  substance  by  the  formula  C,,H,jO,  —  HjO  =  CflHi(,Oj. 
There  is  no  doubt  that  lx)th  dextn>se  and  levulosc  increase  markedly 
the  amount  of  glycogen  in  the  liver;  and,  since  cane-sugar  is  inverted 
in  the  intestine  l^fore  abRorption,  it  also  must  he  a  true  glycogen- 
former, — a  fact  that  has  been  abumlantly  demonstratefl  by  direct 
experiment.  Lusk*  has  shown,  lutwever.  thai,  if  cane-su^ur  is  in- 
jecte<i  under  the  skin,  it  has  a  vcr>-  feeble  effect  in  the  way  of  increas- 
ing the  amount  of  glycogen  in  the  liver,  since  under  these  conditions 
it  is  probably  absorbed  into  the  hlfXMi  without  undergoing  inversion. 
Experiments  with  subcutaneous  inject  ion  of  lactose  gave  simihir 
results,  and  it  is  generally  lielieved  that  llie  liver  cells  can  not  convert 
the  double  sugars  to  glycogen,  at  least  not  readily;  hence  the  value 
of  the  hydrolysis  of  these  sugars  in  the  alinientar>'  canal  l>efore 
absorption.  We  may  assiune,  therefore,  that  devtrt*se,  levuh^e.  and 
galactose  are  the  true  glycogen-fonners  that  occur  nonnally  in  the 
blo<xl.  and  that  the  disaccharids  (cane-sugar,  milk-sugar,  etc.)  and 
the  polysacchariils  (starches)  are  true  glycogen-formers  to  the  ex- 
tent that  they  are  converted  into  dextrose,  levulose,  or  galactose. 

Effeci   of  Praieid   on  Gbfcogcn   Formation, — In  his  first  studies 
upon  glycogen  Heniard  asserteil  that  it  may  lie  fi>mio<i  from  pmteid 
material.    Since  that  time  there   liave  i:>een  much  discussion  and 
experimentation  upon  this  |»int.    The  usual  view  is  that  proteid 
must  \ye  counted  among  the  true  glycogen-formers  in  the  sense  that 
8(>uie  of  the  material  of  the  proteid  molecule  is  directly  converted  to 
glycogen.     The  proteid  in  dii^estion  undergoes,  it  will  l^  rememl>eretl, 
A  splitting  process  the  limits  of  which  are  not  definitely "settleii.     It 
i&  assumed,  however,  that  the  nitrogenous  split  products  are  acted 
\ipon  in  the  liver,  the  nitrogen  with  some  of  the  carlx)n  being  changetl 
to  urea,  wliile  the  non-nitrogcnoiis  residue  is  converted  to  sugar. 
Among  the  split    products  of  pmteid    that    have   been   esi>eeially 
investigated  in  this  relation  the   results  with  leucin  and  glucosamin 
have  been  chiefly  negative.!     Exj)erimentally  observers  find  for 
,the    warm-bloode<i   animals   at    least   tliat   feeillng   with    jiroteids. 
even   in   the  case  of    those    proteids.   such  as  casein,    that    con- 
tain no  carbohydrate  grouping,  causes  an  increasetl  proiluction  of 
glycogen. J     The  conclusion   to  \ye  drawn  from  these  experiments 
is  strengthened  by  clinical  experience  upon   human   lieings  suf- 
fering fn>m  dial)etes.     In  severe  fonns  of  this  disease  all  the  car- 
bohy<h^te  material  of  the  fooii  api)ears  in  the  urine.      If  under 
these  conditions  the  individual  via  given  an  exclusively  proteid  diet 
sugar  still  continues  to  appear  in  the  urine,  and  it  would  seem  that 
this  sugar  can  only  arise  from  the  proteid  focxl.     In  the  similar 

♦Voit,  "ZeiUchrift  f.  Biologic,"  28,  285,  1891. 

t  Halsev,  "  Anieriran  Jounial  of  Physiology."  10.  229,  1904. 

I  See  Siookey,  '■Ameriran  Jourual  of  Phvffiolog>-, "  V».  las,  1903. 
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condition  of  severe  glycosuria  that  may  be  produced  by  the  use  of 
phloridzin  it  has  \teim  sh(»\vn  that  tho  animal  continues  to  excrete 
BUffnr  even  wlieii  fetl  on  proteid  alone,  or  when  stiin'ed.  L'nder  such 
conditiuiifs  the  iunount  uf  dextrase  in  the  urine  l.>ears  a  definite  ratio 
tx>  the  amount  of  nitrogen  excreted.  D  :  X  ::  3.65  : 1  (Lusk),  which 
would  indicate  that  both  arise  frojn  the  breaking  down  of  the  proteid 
niolwule.  <>n  this  siip{x>sitinn  58.4  per  cent,  of  the  proteid  may  he 
converted  to  sugar.  So  als(j  the  fact  that  during  prolonged  star\'a- 
tion,  lasting  for  forty  or  even  ninety  days,  the  blmKl  retains  a  practi- 
cally constant  coniptjsition  in  sugar  indicates  that  this  material  is 
}>eing  formed  from  either  the  proteid  or  fat  supply  of  the  IkkIv. 
Other  considenitions  exclude  the  fat,  and  we  are,  therefore,  led  to 
the  belief  liiat  the  proteid  can  give  rise  to  sugar  in  the  h>fKly.  If 
this  change  is  part  of  the  normal  metabolism  of  the  body  it  would 
make  ]>roteid  a  glycogen-fom^er,  since  the  sugar  formed  from  the 
I>roteid  may,  of  course^  be  convertctl  to  glycogen.  Whether  or  not 
all  i»roteids  yield  glyctigen  or  sugar  in  the  body  is  not  entirely  de- 
termined. Some  authors  have  thought  that  only  tho^  proteids 
that  contain  a  carbohydrate  residue  have  this  property;  but,  as 
stated  above,  casein  and  other  proteids  that  do  not  possess  this 
grouping  seem  also  to  increase  the  glycogen  supply  when  fed  alone. 

Effect  of    Fats  ujjon  Ghfcogejt   Formation. — A  lax^  nmiiber  of 
substances  have  been  found  by  sojne  obser\'ers  to  increase  the  store 
of  glycogen  in  the  liver.     In  some  of  these  cases  at  least  it  is  e\ident 
that  the  subHtance  is  not  a  diret^t  glycogen-former  in  the  sense  that 
the  nmteriaf  is  itself  converteti  to  glycogen.     It  may  increase  the 
supply  of  liver  "glycogen  in  some  indirect  way, — for  example,  by 
diminishing  the  consumption  of  glycogen  in  the  body.     The  most 
inifX)rtant  substance  in  tiiis  connection  from  a  practical  st-andpoint 
is  fat.     Whetlior  or  ni>t  the  body  can  convert  fats  into  sugar  or 
glycogen   is   a   tjucstion  about    which   at    present    there   is   much 
difference  of  opinion,  and  much  evidence  might  be  cited  on  each  side- 
Cremer,  however,  has  furnished  apparent  proof  that  glycerin  acts 
as  a  direct  glycogen  or  sugar-former.     When  fe<l,  esi)ecially  in  the= 
diabetic  condition,  it  causes  an  increase  in  the  sugar  which  can  not- 
Vie  explaine<i  as  a  result  of  pmteid  nietalx)lism.    Since  in  the  body^ 
neutral  fata  are  normally  split  into  glycerin  and  fatty  acid,  the  fact 
that  glycerin  can  Ix?  converted  to  sugar  seems  to  carr>'  with  it  thc^ 
admission  that  fats  may  contribute  dia^ctly  to  sugar  production- 
Whether  the  synthesis  of  sugar  (or  glycogen)  from   glycerin  is^ 
so  to  speak,  a  normal  process  or  occurs  only  under  especial  condi — 
tions,  can  not  be  decidetl  at  present. 

The  Function  of  Glycogen — Glycogenic  Theory. — ^The  mean- 
ing of  the  fonnation  of  glycogen  in  the  liver  has  been,  and  slill  is-, 
the  subject  of  <iiscussion.     The  view  advanced  first  by  Bernard  i3 
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perhaps  most  generally  accepted.  According  to  I^rnard,  glycogen 
forms  a  tenijxjran*  reserve  supply  of  carbohvtirate  material  that  is 
laid  up  in  the  liver  during  digestion  ami  is  gradualiy  made  use  of  in 
the  intervals  between  meals.  During  digestion  the  carlwhydnit'e 
f(K>d  is  absorbed  into  the  blood  i»f  the  |Kjrtal  system  hs  ilextnjse  or  as 
dextrose,  levidose,  and  galactose.  If  these  sugars  j)assed  through 
the  liver  unchanged,  the  contents  of  the  systemic  l>loo<l  in  sugar 
would  l)e  increasetl  [X'n^pptlijly.  It  is  now  known  that  when  the 
percentage  of  sugar  in  the  blooil  rises  al>ove  a  certain  normal  limit 
(condition  of  hyj)erglycenua),  the  excess  is  excreted  through  the 
kidney  and  Is  lost.  Hut  as  the  blood  from  the  liigestive  organs 
passes  through  the  liver  the  excess  of  sugar  is  al>stracted  by  the 
liver  cells,  is  dehydrated  to  make  glycogen,  and  is  retained  in 
the  cells  in  this  form  for  a  short  i>eriotl.  From  time  to  time 
the  glycogen  is  reconvertet.1  into  sugar  (ilextrose)  and  is  given  off  to 
the  blood.  By  this  means  the  [x^nentage  of  sugar  in  the  systemic 
blood  is  kc[>t  nearly  constant  (0.1  to  0.2  per  cent.)  and  witliin  Ibuit^ 
best  adapted  to  the  use  of  the  tissues.  The  great  imiKirtimce  of  the 
formation  of  glycogen  and  the  consequent  conservation  of  the  sugar 
siippl>*  of  the  tissues  is  evident  when  we  consiiler  the  mitritive  vahie 
of  carixihytlrate  foml.  Carbohydrates  form  the  bulk  of  our  usual 
diet,  and  the  j>roper  regulation  of  the  supply  to  the  tissues  is,  there- 
fore, of  vital  iinptirtance  in  the  maintenance  of  a  normal,  healthy 
condition.  The  second  part  of  this  theory,  wliich  holds  that  the 
glycogen  is  reconverteil  to  dextrose,  is  supportetl  hy  observations 
upon  Uvers  remove<l  from  the  Ixniy.  It  luia  been  found  that  shortly 
after  the  removal  of  the  liver  the  supply  of  glycogen  l>egins  to  dis- 
appear and  a  corresponding  increase  in  dextrose  occurs.  Within  a 
comj>aratively  short  time  all  the  glycogen  is  gone  and  only  dextrose 
is  found.  It  is  fortius  reason  that  in  the  estimation  of  glycogen  in  the 
liver  it  is  necessar\'  to  mince  the  organ  and  to  throw  it  into  boiling 
water  as  quickly  as  possible,  since  by  this  means  the  liver  cells  are 
killed  and  the  conversion  of  the  glycogen  is  stopj^ed.  How  the  gly- 
cogen is  cliange<l  to  dextrose  by  the  liver  is  a  matter  not  full>  ex- 
plained. Accortling  to  most  authors,  the  conversion  is  thie  to  an 
enzyme  produced  in  the  liver.  I^xtracts  of  liver,  as  of  some  other 
tissues,  yield  a  diastatic  enzyme  that  changes  glycogen  to  tiextrose.* 
It  is  probable,  therefore,  that  the  normal  conversion  of  glycogen  to 
dextrose  is  effected  by  a  special  enzyme  produced  in  the  liver  cells. 
In  this  description  of  the  origin  and  meaning  of  the  liver  glycogen 
reference  has  been  made  only  to  the  glycogen  derived  <lirectly  from 
digested  carix)hydrates.  The  glycogen  derived  from  proteid  foods^ 
once  it  is  formed  in  the  liver,  has,  of  course,  the  same  functions  to 
fulfill.  It  is  converted  into  sugar,  and  eventually  is  oxidized  in 
♦Tebb,  "Journal  of  PliyBiolog^, "  22,  423,  1807-98. 
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the  tissues.    For  the  sake  of  completeness  it  may  be  wdl  to  add 

that  some  of  the  sugar  of  the  1>Io*h1  fonneil  from  the  glycogen  maj 
under  certain  conditions  be  converted  into  fat  in  the  adifx)se  tissu 
insteml  of  l>eing  burnt,  and  in  this  way  it  may  be  retained  in 
body  a-s  a  reserve  supply  of  ffMxl  of  a  more  stable  cliaracter. 

Glycogen  in  the  Muscles  and  other  Tissues. — The  hL<!tonr] 
glycogen  is  not  complete  without  some  reference  to  its  occurrence  ffl 
the  muscles.  Glycogen  is.  in  fact,  found  in  various  places  in  the  Ijodj 
and  is  widely  distributed  throughout  the  animal  kingdom.  It  < 
for  example,  in  leucoc>'tes,  in  the  placenta,  in  the  rapidly  grov 
tissues  of  the  embryo,  and  in  considerable  abundance  in  the  o^-sta 
and  other  molluscs.  Hut  in  our  bo(Ues  and  in  those  of  the  mamniak 
generally  the  most  significant  occurrence  of  glycogen,  outside 
liver,  is  in  the  voluntan'  muscles,  of  which  glycogen  forms  a  nor 
constituent.  It  has  Ijcen  estimated  that  the  jiercentage  of  glycc 
in  resting  muscle  varies  from  0.5  to  0.0  per  cent.,  and  that  in  the 
nmsculature  of  the  whole  bod\*  there  may  be  contained  an  anioimt 
of  glycogen  et|ual  to  tiiat  in  the  liver  itself.  Apparently  muscular 
tissue,  as  well  as  liver  tissue,  has  a  glycogenetic  function — that  is, 
it  is  capable  of  laying  up  a  supply  of  glycopjen  from  the  sugar  brought 
to  it  by  the  blood.  The  glycogenetic  function  of  muscle  has  been 
demoiistrate<i  directly  by  Kulz.*  who  has  shown  that  an  isolated 
muscle  irrigated  with  an  artificial  supply  of  blood  to  which  dextraH 
is  aihleil  is  cajmble  of  changing  the  dextrose  to  glycogen,  as  show 
by  the  increase  in  the  latter  substance  in  the  muscle  after  irriga- 
tion. Muscle  glycogen  is  to  be  looked  u|x)n  as  a  temporan'  ami 
local  reserve  supply  of  material;  so  that,  while  we  have  in  tjH 
liver  a  laxge  general  de|K5t  for  the  temporary*  storage  of  glycogen  Wi 
the  use  of  the  body  at  large,  the  muscular  tissue,  which,  considering 
its  bulk,  is  the  most  active  tissue  of  the  bc»dy  from  the  standpoint 
of  energ\'  pHnluction,  is  also  cajmble  of  laying  up  in  the  form 
glycogen  any  excess  of  sugar  brought  to  it.  The  fact  that  gly< 
occurs  so  widely  in  the  rapidly  growing  cells  of  eml>n'os  indicat 
that  this  glycogenetic  function  may  at  times  l>e  exercised  by  any 
tissue.  M 

Conditions  Affecting  the  Supply  of  Glycogen  in  Muscle  aai 
Liver. — In  accordance  with  the  view  given  above  of  the  general  value 
of  glycogen — namely,  timt  it  is  a  temporary-  reserve  supply  of 
carbohyiirate  material  that  may  be  rapidly  converted  to  sugar  and 
oxidized  with  the  liberation  of  energ^v — it  is  found  that  the  supply 
of  glycogen  is  greatly  affected  by  conditions  calling  for  incr^sed 
metabolism  in  the  body.  Muscular  exercise  cjuickly  exhausts  the 
supply  of  nuiscle  and  liver  glycogen,  provided  it  is  not  renewe*! 
by  new  food.  In  a  stan'ing  animal  glycogen  finally  disappeai^ 
♦"Zeitachrift  f.  Biologie."  27,  237.  ISOO. 
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except  f)erhape  in  traces,  but  ilm  disappearance  occurs  much 
sooner  if  the  animal  is  made  to  use  its  muscles  at  the  same  time.  It 
has  been  aliown  also  by  Moral  and  Dufourt  that,  if  a  muscle  ha,s  been 
made  to  contract  vii;orous!y,  it  takes  up  much  more  sugar  from 
an  artificial  supply  of  blooti  stmt  through  it  than  a  similar  muscle 
which  has  been  resting;  on  the  other  haiui,  it  has  Ix^n  found  that  if 
the  nerve  of  one  leg  is  cut  so  as  to  paralyze  the  muscles  of  that  side  of 
the  body,  the  ajiiount  of  glycogen  is  greater  in  these  muscles  than  in 
those  of  the  other  k^g  tJuit  have  l>een  c(jntracting  meantime  and  using 
up  their  glycogeiL  The  further  histor}'  of  glycogen  is  considered  in 
the  section  on  ntitrition. 

Formation  of  Urea  in  the  Liver. — ^The  nitrogen  contained  in 
the  proteid  material  of  our  fo<xl  is  finally  eruuinatetU  after  the  n»etab- 
oUsm  of  the  proteid  is  complei^l,  mainly  in  the  form  of  ui*ea.  It 
has  been  definitively  provetl  timl  the  urea  is  not  fonned  in  the  kidneys, 
the  organs  that  eliminate  it.  It  has  long  lieen  considered  a  matter 
of  the  gretitest  ijnportjince  t-o  ascertain  in  what  organ  or  tissues  urea 
is  fonned.  Investigations  have  gone  so  far  as  to  denu>nstnite  that 
it  arises  in  part  at  least  in  tlie  liver;  hence  the  |iro|jerty  of  fonning 
urea  must  be  added  to  the  other  important  fuoctioiis  of  the  liver  cell. 
Schroder*  performed  a  nundjer  of  experiments  in  which  the  liver  was 
taken  from  a  freshly  killed  dog  and  irrigate<l  through  its  blcxid- 
veseels  vnih  a  supply  of  blood  obtauied  fmm  another  ilog.  If  the 
supply  of  blood  was  taken  from  a  fasting  aiiimal,  then  circulating 
it  through  the  isolated  liver  was  not  followed  by  any  increase  in 
the  amount  of  urea  contained  in  it.  If,  on  thecontran'.  the  blood  was 
obt-ainc<^i  from  a  well-feil  tiog,  the  amount  of  urea  containe<l  in  it  was 
distinctly  increasetl  by  passing  it  through  the  liver,  thus  indicating 
that  the  blood  of  an  animal  after  digestion  contains  something  that 
the  liver  can  convert  t«  urea.  It  is  to  be  noteti,  moreover,  that  this 
power  is  not  possessed  by  all  the  organs,  pinne  blood  frt)m  well-fetl 
animals  showed  no  increase  in  urea  after  l>eing  circulated  through  an 
isolated  kidney  or  muscle.  As  further  proof  of  the  urea-forming 
power  of  the  liver  Schnider  found  that  if  anamonium  carbonate  was 
adde<l  to  the  IjUkkI  circulating  through  the  liver — ti»  that  from  the 
fafiting  a^  well  as  from  the  well-nourishe<l  animal — a  \ery  deeideil 
Uurreaae  in  the  urea  was  always  obtained.  It  follows  from  the  last 
experiment  that  the  liver  cells  are  able  to  convert  carbonate  of 
ammonium  into  urea.  The  reaction  may  be  expressed  by  the  equa- 
tion (NHj),C05—2H3()  =  OJX^H,.  Schondorfft  in  some  later  work 
showed  that  if  the  blond  of  a  fiisting  dog  is  irrigated  thnnigh  the  hind 
legs  of  a  well-nourished  animal,  no  increase  in  urea  in  the  blood  can 

•"Arehiv  f.  experimerit^Ue  Pathologie  und   Pharmakologie, "  15,  364, 
1882,  and  19,  373.  1S85. 

t  "  Pfluger'tt  Anliiv  f.  die  geaammte  Physiologie/'  54,  420,  1803. 
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be  detected;  Init  if  the  hlood,  after  irrigation  through  the  hind  legs, 
is  subsequently  passed  through  the  liver,  a  marked  increase  in  urea 
results.  Obviously,  the  Ijlood  in  this  exjieriment  derives  sometliinK 
from  the  tissues  of  the  leg  which  the  tissues  themselves  can  not 
convert  to  urcji,  but  which  the  liver  rells  can.  Finally,  in  some 
remarkable  exf)erimenti5  ujxtn  dogs  made  by  four  investigators 
(Hahn,  Massen,  Nencki,  antl  Fawlow),  which  are  described  more  fully 
in  the  next  chapt4?r,  it  was  shown  that  when  the  liver  is  practically 
destntyed  tliere  is  a  distinct  diminution  in  the  ure^  of  the  urine.  In 
birds  uric  acitl  tiikes  the  |>lace  of  urea  as  the  main  nitrogenous  ex- 
cretion of  the  body,  and  .Minkowski  has  shown  that  in  them  removal 
of  the  liver  is  followed  by  an  imi^ortant  diminution  in  the  amount  of 
uric  acid  excreleil.  From  exj>eriments  such  as  these  it  is  safe  to 
conclude  that  urea  is  fonned  in  the  liver  and  is  then  given  to  the  blood 
and  excreted  by  the  kidney.  In  treating  of  the  physiological  history 
of  urea  an  account  will  be  given  of  the  views  projx>se<l  with  reganl  to 
the  antecedent  substance  or  substances  fmnj  which  the  liver  produces 
ure^. 

Physiology  of  the  Spleen. — Much  has  been  said  and  written 
about  the  spleen,  but  we  are  yet  in  the  dark  as  to  the  distinctive 
fvmction  or  functioas  of  tliis  organ.  The  few  facts  that  are  known 
niay  l>e  statetl  briefly  without  going  into  the  details  of  theories  that 
have  been  offered  at  one  time  ur  another.  The  older  experimenters 
demonstrated  that  this  orguu  juay  be  removed  from  the  ImxIv  without 
serious  injiuy*  to  the  aninml.  An  increase  in  the  size  of  the  lyniph- 
glands  and  of  the  bone-marrow  has  been  stated  to  occur  after  ex- 
tirjwition;  but  tliis  is  tienicd  by  others,  and,  whether  true  or  not.  it 
gives  but  Uttle  clue  to  the  normal  functioas  of  the  spleen.  Some 
observers*  find  that  the  removal  of  the  spleen  causes  a  marked 
diniinution  in  the  number  of  red  corpuscles  and  the  qiiantity  of 
hemoglobin.  They  infer,  therefore,  that  the  spleen  is  normally 
conccnied  in  some  way  in  the  fonnati{»n  of  red  corpuscles.  Others, 
however,  rejwirt  with  equal  [xisitiveness  that  removal  of  the  spleen 
has  no  effect  upon  the  number  of  red  corpuscles  or  upon  the  ix)wer  of 
the  animal  to  regenerate  its  corjjuscles  after  hemorrhage.t  The 
most  definite  facts  knowTi  almut  (he  spleen  are  in  connection  with  it* 
movements.  It  has  been  shown  that  there  is  a  slow  exjxansion  and 
contraction  of  the  organ  synchmnoiis  with  the  digestion  perio<is^ 
After  a  meat  the  spleen  begins  to  increase  in  size,  reaching  a  maximi 
at  about  the  fifth  hour,  and  then  slowly  returns  to  it^  previous  size- 
This  movement,  the  meaning  of  which  is  not  km»wn,  is  probably  due 
to  a  slow  vasochlatation,  together,  |)erhap6,  with  a  relaxation  of  the 
tonic  contraction  of  the  musculature  of  the  trabeciilce.     In  additioK 

♦  LBiidenbarli,  "Ceiitrall.lMlt  fur  PliVMoloKie."  9,  1,  1805. 

t  Paton,  GuUaud,  aziii  Fuwler,  "Journal  of  Physiology/'  28,  83,  1902. 
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to  this  slow  movement,  Roy*  has  shoNvn  that  there  is  a  rh>'thinical 
contraction  ami  relaxation  of  (he  organ»  occurring  in  cats  and  dogs 
at  intervals  of  alwut  one  ininute.  Roy  supi>oses  that  these  con- 
tractions are  effectcil  thmugli  the  intrinsic  nniscuiature  of  the  organ, 
— that  is,  the  plain  muscle  tissue  present  in  the  capsule  ami  tralx-cula*, 
— and  he  Wieve^  that  the  contractions  serve  to  keep  up  a  circulation 
through  the  spleen  and  to  make  its  vascular  supply  more  or  less 
indepentlent  of  variations  in  general  arterial  jiressure.  The  fact 
tliat  there  is  a  special  local  arrangement  for  maintaining  its  cir- 
culation makes  the  spleen  *jnic|ne  among  the  organs  of  the  bmly,  hut 
no  light  is  thrown  upon  the  nature  of  the  function  fulfilled.  The 
spleen  is  supplied  richly  with  motor  nerve  fibers  which  when  stimu- 
lated either  directly  or  reflexly  cause  the  organ  to  diminish  in 
volume.  According  to  Schaefer.*  these  fibers  arc  coriLained  in  the 
splanchnic  nen'es,  which  carry  also  inhibitor}'  fibers  whose  stimu- 
lation produces  a  dilatation  of  the  spleen. 

The  chemical  composition  of  the  spleen  is  complicated,  but  sug- 
gestive. Its  mineml  constituents  are  chamcterized  by  a  large 
percentage  of  iron,  which  seems  to  be  present  an  an  organic  ccwn pound 
of  some  kind.  Analysis  shows  also  the  presence  of  a  numljcr  of  fatty 
acids,  fats,  cholesterin,  and,  what  is  i)erha{is  more  noteworthy,  a 
number  of  nitn>genous  extractives  belonging  to  the  gruup  of  purin 
bases,  such  as  xanthin,  hyjKixanthin,  adenin,  guatiin,  and  uric  acid. 
The  presence  of  these  bodies  seems  to  indicate  that  active  metabolic 
changes  of  some  kind  occur  in  the  spleen.  As  to  the  theories  of  the 
splenic  functions,  the  following  may  l>e  mentioned:  (1)  The  spleen 
has  been  sup}>osed  to  give  rise  to  new  re<l  corpuscles.  This  it  un- 
doubtedly does  (hiring  fetal  hfe  and  shortly  after  birtli.  and  in  some 
animals  throughout  life,  but  there  is  no  relialtle  evidence  that  the 
function  is  retaineil  in  adult  life  in  man  or  in  most  of  the  mammals. 
(2)  It  has  been  supposed  to  l>e  an  organ  for  the  ilestruction  of  retl 
corpuscles.  This  view  is  founded  chiefly  on  microscopical  evidence 
accorthng  to  which  certain  large  ameboi<l  cells  in  the  spleen  ingest 
and  destroy  the  old  red  corpuscles,  and  partly  ujxjn  the  fact  that  the 
spleen  tissue  heems  to  he  rich  in  an  iron-containing  ciimptiimd.  This 
theorv'  can  not  be  considereil  at  present  as  satisfactorily  demon- 
strated. (3)  It  has  lieen  suggested  that  the  spleen  is  concerned  in 
the  production  of  uric  acid.  This  substance  is  found  in  the  spleen, 
as  stated  al>ove,  and  it  has  l)een  shown  by  Horbaczewsky  that  the 
spleen  contains  a  substance  from  which  uric  acid  or  xanthin  may 
readily  Ijc  forme<l :  but  further  investigation  has  shown  that  the  same 
8ul>stance  is  foimd  in  lymphoi<l  ti.ssue  generally.  If.  therefore,  uric 
ftcid  is  produced  in  the  spleen,  it  probably  originates  in  the  lai^ge 

•  'Moumnl  of  FhvMoloKv,"  3,  203,  1881. 
t  "Joumul  of  PI»ysioIog>,"  20.  1,  1896. 
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amount  of  lymphoid  tissue  contained  in  it,  and  is  not  a  product  char- 
acteristic of  the  splenic  tissue  pmjxr.  In  this  connection  it  may  Ijc 
etatetl  tliat  Jones*  has  denioiistrate<i  the  existence  in  the  spleeji  of  an 
enzyme,  adenase,  which  converts  adenin,  C^HgN^NHj,  into  hypoxan- 
thin,  CgHsN^OH.  The  lymphoid  tissue  of  the  spleen  must  also 
jxjssess  the  proj^erty  of  pnMliiciiig  lymphocytes,  since,  acconlitig  to 
the  general  ^•ie\v^  these  eor]>u.scles  are  formed  in  lymphoid  tissue 
generally  wherever  the  so-called  '*  genii-centers "  occur.  (4)  I-.a6tly, 
a  theorv*  has  been  siipjx>rted  by  SehifT  and  Herzen,  according  to 
which  the  spleen  prfuiuces  something  (an  enzyme)  which,  when 
carried  in  the  blooti  to  the  imncreas,  acts  iJ|X)n  the  trypsinogen  con- 
taineil  in  tfiis  gland,  converting  it  into  tr^-psin.  This  view  has  l>een 
corroborated  by  a  nimibcr  of  obsen'crs,  but  it  is  difficult  at  present 
to  decide  whether  such  an  action  occurs  normally  dtiring  digestion. 
As  already  stated,  tFie  i^eneml  tPstin>onv  at  prei«nt  indicates  that 
the  imncreatic  juice  when  secnvteil  contains  its  tryj^n  in  inactive 
form.  It  is  activated  only  after  reaching  the  duodenum  under  the 
influence  of  the  enterokinase. 
♦  J  ones  mid  WiiiteruiU,  "  Zeitbchrif  I,  L  phybJoL  Cheaiie,"  44,  !•  180&. 


CHAPTER  XLV. 


THE  KIDNEY  AND  SKIN  AS  EXCRETORY  ORGANS. 

Structure  of  the  £adney, — ^The  kidney  is  a  compoiuitl  tubular 
gland.  The  uriniferous  tubules  composing  it  may  l>e  roughly 
separated  into  a  secreting  part  comprising  the  capsule,  convoluted 
tubes,  and  loop  of  Henle,  and  a  collecting  part,  the  so-called  straight 
or  collecting  tu]>e,  the  epithelium  of  which  is  assumed  not  to 
have  any  secretory  function.  Within  the  secreting  part  the  epithe- 
lium <Uffcrs  greatly  in  character  in  different  regions;  its  jxiculiarities 
may  1)6  referred  to  briefly  here  so  far  as  they  seem  to  have  a  pljysio- 

D         E      F  GL 


FSc-  265. — Portions  of  the  various  diviaions  of  th«  urinUeroua  tubule«  drawn  frx>m 
flMtionu  of  hum&n  kidney:  A,  M&lpiKhian  body:  x,  squamous  e(Hthelmm  lininK  the  cap* 
vule  and  reflected  nver  tlie  glomeruluj) ;  y,  :.  afferent  and  efferent  vsBBcla  of  the  tuft;  a, 
nuolei  of  capillaries;  n,  constricted  neck  markina  paaaaiee  of  o&p«ule  into  oonvolutc^i  tu- 
bule; B,  prnxitnal  convoluted  tubule;  C,  irreirular  tubtile;  D  and  F,  spiral  tubuJea;  B, 
ucendtng  timb  of  Healc's  loop:   O.  fltraight  coTlectinif  tubule— CPt>r«ti/.) 

logical  t)earingf  although  for  a  complete  description  reference  must 
be  made  to  works  on  histolog\'. 

The  arrangement  nf  the  glandular  epithelium  in  the  capsule  with 
reference  to  the  blood-vessels  of  the  glomenihts  is  worthy  of  special 
attention.  It  will  be  remeral>ered  that  each  Malpighian  corpuscle  con- 
sists of  two  principal  part«,  a  tuft  of  blood-vessels,  the  glomerulus,  and 
an  enveloping  expuinsion  of  the  uriniferous  tubule,  the  capsule.  The 
glomerulus  is  an  interesting  stnicture  (see  Fig.  265,  A).    It  consists 
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of  a  small  afferent  arten'  which  after  entering  the  glomerulus,  breaks 
up  intti  a  nuinlier  nf  capillaries.  These  capillaries,  although  t^^istetl 
togetlier,  do  not  aniistoniose,  and  they  unite  to  fonn  a  single  efferent 
vein  of  a  smaller  diameter  than  the  afferent  artery.  The  whole 
stnicture,  therefore,  is  not  an  ordinary  capillary  area,  but  a  retf 
mirabile,  and  the  i>hyaical  factors  are  such  that  within  the  capil- 
laries of  frlie  rete  there  must  he  a  greatly  diminished  velocity  of  the 
blood-stream,  owing  ti>  the  great  increase  in  tlie  width  of  the  stream 
bed,  and  a  high  hlood-pre^ure  as  comparetl  with  ordinary'  capil- 
laries. Surrounding  tliis  glonicnilus  is  the  double-walled  capsule. 
One  wall  of  the  capsule  is  elose[\'  adherent  to  the  capillaries  of  the 
glomerulus;  it  not  only  covers  the  stninture  closely,  but  dips  into 
the  interior  lietvveen  the  small  lobules  into  which  the  glomerulus  is 
divided.  This  layer  of  the  capsule:;  is  composed  of  flattened,  endo- 
thelial-like  cells,  the  glomerular  efiithelium,  to  which  great  impor- 
tance is  attached  in  the  formation  of  the  secretion.  It  nnll  be  no- 
ticed that  l>otween  the  interior  of  the  blood-vessels  of  the  glomerulus 
aud  the  cavity  of  the  capsule,  which  is  the  beginning  of  the  urin- 
iferous  tubule,  there  are  interposed  only  two  ver>*  thin  layers, — 
namely^  the  epithelium  of  the  capillar^'  wall  and  the  glomerular 
epithelium.  The  apparatus  would  seem  to  afford  most  favorable 
conditions  for  filtration  of  the  li(iuid  part^  of  the  bUKxl.  The  epi- 
thelhun  clothing  the  convoluted  ix)rtious  of  the  tubule,  including 
under  this  designation  the  so-called  irregular  and  spiral  jx)nions 
and  the  loijpof  Henle,  is  of  a  character  (|uite  different  from  that  of 
the  glomerular  ei>ithelium  (Fig.  265,  B,  C.  D,  tJ,  h\  G),  The  celb. 
speaking  generally,  are  cuhoidal  or  c.vlindrical,  protoplasmic,  ami 
granular  in  appearance;  on. the  side  towani  the  Ijasement  mem- 
brane they  often  show  a  peculiar  striation,  while  on  the  limien  side 
the  extreme  peripherv  j>resents  a  coiuixict  lK>rder  which  in  some 
cases  shows  a  ctlta-like  strintion.  Iliese  cells  have  the  genera! 
appearance  of  an  active  secretor>*  epithelium,  and  one  theor\'  of 
urinarA'  secretion  attributes  this  functitin  to  them. 

The  Secretion  of  Urine. — The  kidneys  receive  a  rich  supply 
of  ner\'e  fibers,  but  most  hi.'^lologists  have  l>eeu  unable  to  trace  any 
connection  between  these  fibers  and  the  epithelial  cells  of  the  kidney 
tubules, 

'I'he  majority  of  purely  physiological  experiments  upon  direct 
stimulation  of  the  ner\'es  going  to  the  kidney  arc  adverse  to  the 
theor>'  of  secretory  fil)ers,  the  marked  effects  obtaine<i  in  these  ex- 
periments being  all  explicable  by  tlte  changes  produced  in  the  l)IfMxl- 
fiow  through  the  organ.  Two  general  theories  of  urinary  secretion 
have  Ijeen  proposed.  Ludwig  held  that  t!ie  urine  is  formed  by  the 
simple  physical  processes  of  filtration  and  diffusion.  In  the  glom- 
eruli the  conditions  are  most  favorable  to  filtration,  and  he  sup- 
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posed  that  in  these  stnicturea  wat**r  filtered  through  from  the  l>lood, 
earning  with  it  not  only  the  inorganic  salts,  Init  alsrv  the  siH?rific 
elements  (urea,  etc.)  of  the  secretion.  There  was  thus  fonued  lit 
the  beginning  of  the  uriniferous  tubuies  a  complete  Init  ililutetl 
urine,  antl  in  the  subscfiucnt  passage  of  this  liquid  along  the  con- 
voluted tubeii  it  became  concentrated  b}'  diffusion  with  the  more 
concentrated  iyniph  surrounding  the  outside  of  the  tubules. 

Bowman's  theorv  of  urinary-  seoi-etion,  which  has  since  h»een 
%igorously  supfxtrteJ  and  extended  by  Heidenhuin,  was  btwed  orig- 
inally mainly  on  histological  grounds.  It  assumes  tliat  in  the 
glomenili  water  and  inorganic  salts  are  produced,  while  the  urea 
and  relat-ed  bodies  are  eliminafe<l  through  the  activity  of  the  epi- 
thelial cells  in  the  con\'olute(i  tuF)es. 

The  first  of  these  theories  (Ludwig)  is  sometimes  sjxpken  of  as 
the  mechanical  theor\',  since  as  originally  propose<l  it  attempted 
to  ex|:»lain  the  fommtion  and  composition  of  the  urine  by  reference 
only  to  the  physical  forces  of  filtration  and  diffusion.  Adherents 
of  this  view  in  recent  years  tiuve  modified  it,  however,  to  the  extent 
tliat  the  absf>r|ition  supposetl  to  take  place  in  the  convoluted  tubules 
b  designated  as  a  selective  absor|>tion^  or  selective  diffusion,  the 
characteristics  of  which  de()end  u|xjn  unknown  peculiarities  of  struc- 
tiu^  in  the  epithelial  c€*lb  so  that  it  Ls  nr*  longer  a  purely  mechanical 
theon*.  The  tiifference  l)etween  the  Ludwig  and  the  Bowman 
theories  may  Ix?  stated  briefly  In  this  way.  The  former  assumes  that 
in  the  glomenilus  all  of  the  constituents  of  the  urine  are  produced 
from  the  blood,  probably  by  filtmtion,  and  that  the  function  of  the 
epitheluun  lining  the  convoluted  tubules  is  al>soq:>tive,  like  the 
epithelium  of  the  intestines,  antl  not  secreton'.  The  Bowman  view 
as  fonnuiated  by  lieidenliain  teaches  that  the  glomerular  epithe- 
lium forms  the  water  and  suites  of  the  urine  by  an  act  of  secretion, 
the  ultimate  chenustr>'  or  physics  of  which  ia  not  knowTi,  but  which 
implies  that  the  epithelial  cells  pirtiripate  in  the  process  and  do 
not  act  simply  a^^  a  piissive  membrane.  The  cells  of  the  convoluted 
tubules  are  also  secretory,  their  special  activity  being  limited  mainly 
to  the  organic  constituents,  urea,  etc.,  although,  in  this  re8|)ect, — 
namely,  in  the  precise  distinction  l^tween  the  secretor>-  pnxluots  of 
the  glomerular  epithehum  and  those  of  the  convoluted  tubules, — 
the  theory  is  not  verv'  explicit.  Much  interest  and  a  large  hterature 
have  been  stimulated  by  the  controversies  l>etween  these  theories, 
and  to-day  the  facts  accumulated  are  not  such  as  Ui  demonstrate 
conclusively  one  view  or  the  other,  although,  on  the  whole,  perhaps, 
it  may  be  said  that  the  majority  of  physiologists  atlhere  to  the 
more  conservative  new  of  liowTnan-Heidenhain  to  the  extent  at 
least  of  recognizing  that  the  physical  laws  of  filtration,  diffusion, 
and  inhibition,  so  far  as  they  are  known,  do  not  suffice  for  a  satis- 
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factors'  explanation  of  the  facts.  As  in  similar  cases,  our  knowl- 
edge of  the  physical  stnicture  and  chemical  properties  of  the  wall 
of  living  cells  is  still  very  deficient,  and  it  secjns  necessan'  to  desig- 
nate the  activities  of  this  wall  hy  the  indefinite  temi  secretion. 

Function  of  the  Glomerulus. — As  stated  above,  the  stnicture 
of  the  glomerulus  is  peculiar  and  suggestive  of  a  special  adaptation. 
Ludwig's  theory  looks  upon  it  as  a  filter,  the  presssure  of  the  blood 
in  the  glomemlar  capillaries  driving  the  water  and  salts  through 
the  endothelium  of  the  capillaries  and  the  glomerular  epithe- 
lium into  the  cavity  of  the  urinary  tubule.  If  we  consider 
only  the  water  and  assume  that  the  membmnes  traversed  are  freely 
permeable  to  its  itioleciiles,  then  it  is  evident  that,  upon  this  theory, 
the  quantity  of  urine  formed  will  vlei>en(i  upon  the  filtration  pres- 
sure, and  that  this  filtratian  pressure  can  lie  expressed  by  the  fomuiia 
F=P — p.  in  which  P  represents  the  bIcKid-pressure  in  the  glom- 
erular capillaries  and  p  the  pressure  of  the  urine  in  the  capstdar 
end  of  the  urimfenius  tubules.  Some  of  the  interesting  fact^  de- 
velojied  by  e\|>erijiient  may  be  prcscnteil  in  connection  with  this 
fomuda.  According  to  the  mechanical  thenr>*,  the  amount  of  urine 
forme<l  shoidd  vary  directly  with  P  and  inversely  with  p.  The 
factor  P  may  Ije  increased  in  two  general  waj's:  First,  by  those 
changes  which  raise  geneml  arterial  j)ressiire  and  therefore  the 
pressure  in  the  renal  arteries, — sucli  changes,  for  instance,  as  are 
brought  about  b>'  an  increased  force  of  heart-  beat  or  a  lai^  vaso- 
constriction. Second,  by  obstructing  or  occhiding  the  renal  veins. 
Experiments  have  been  made  along  these  lines.  With  regard  to 
the  first  jxissibility  it  has  Ijeen  foun(i  in  general  that  raising  arterial 
pressure  increases  the  quantit}'  of  urine  if  the  means  used  are  such 
as  may  Ijc  assmned  to  raise  the  pressiu'e  in  the  glomerular  capillaries. 

The  reverse  experiment,  however,  of  raising  P  by  blocking  the 
venous  outflow  fails  entirely  to  supjxvrt  the  theor\'.  When  the  renal 
veins  are  compressed  the  capillary  pressure  in  the  glomeruli  must 
be  increaseil,  and,  if  the  veins  are  blocked  entirely,  we  may  suppose 
that  the  capillar}*  pressure  is  raised  to  the  level  of  that  of  the  renal 
arteries.  In  such  experiments,  however,  the  flow  of  urine  is  <li- 
minished  instead  of  being  increasetl,  and  indeed  may  be  stopped 
altogether  when  the  veins  are  completely  blocked.  The  adherents  of 
tlie  Ludwig  theor\'  have  attempted  to  explain  this  imfavorable 
result  by  assuming  (hat  the  swollen  interlobular  veins  press  upon 
and  block  the  uriniferous  tubules.  Acconling  to  the  antagonistic 
theory  of  Heidenhain,  blocking  the  veins  suppresses  the  secretorv* 
acti\ity  of  the  glomerular  epithelium  by  depriving  it  of  ox>'genand 
the  chance  for  removal  of  CO,, — that  is,  by  producing  local  as- 
phyxia. The  latter  explanation  seems  the  simpler  of  the  two,  and  it 
Ib  very  strongly  supported  by  the  opposite  exjDeriment  of  clamping 
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the  renal  artery.  When  this  is  clone  the  blood-flow  through  the 
kidney  ceases  and  the  secretion  of  urine  also  stojjs,  as  would  l»e 
expectei.  But  wlien  after  a  few  minutes'  I'losure  the  arter>'  is  un- 
damped, the  secretion  is  not  restoreil  with  the  return  of  the  cir- 
culation. On  the  contrary,  a  long  time  (as  much  aa  an  hour  or  more) 
may  elapse  before  the  secretion  l>egins.  This  fact  is  quite  in  harmony 
with  the  Heidenhuin  theor>'.  since  complete  removal  of  their  blood 
supply  might  well  result  in  a  long-continue<l  injury'  to  the  delicate 
epithehal  cells.  On  the  mechanical  theory-,  however,  we  should 
expect  the  contrary.  Injur>'  to  the  cells  should  be  followed  by 
greater  permeability  and  an  increiLse<l  filtration,  as  is  found  to  l)e 
the  case  \\nth  the  pnHluction  of  lymph.  These  two  ex]jemnents, 
blocking  the  renal  artery  and  the  renal  vein,  seem  at  present  to  <lis- 
credit  the  filtration  theory'  and  to  support  the  secretion  theor>'. 
If  we  accept  this  latter  theor>'  it  nmy  l>e  asked  how  it  a^^rees  with 
the  experiments  mentioned  above  upon  the  variations  in  capillarv' 
pressure  brrmght  about  other^\nse  than  Iiy  obstnicting  the  venous 
outflow.  Heidenliain  has  emphasized  the  fact  that  all  of  these  ex- 
periments involve  not  only  a  variation  in  capillar>'  pressure,  hut  also 
in  the  bltK>d-flow,  and  that  it  is  open  to  us  to  suppo.se  that  tlie 
effect  upon  the  secretion  of  tirine  is  dependent  upon  the  rate  of  flow 
rather  than  upon  the  capillar^'  pressure.  If  we  adopt  this  expla- 
nation we  are  led  again  to  the  secretion  hypothcsLs.  More  rate  of 
flow  should  not  influence  filtnition,  but  miKbt  aflFect  secretion,  since 
it  would  alter  the  composition  of  the  blmui  flowing  thrfHiffh  the 
glomendi  and  also  the  amount  of  oxygen  itnd  carbon  choxid.  An 
important  fact,  which  seems  at  first  sight  to  show  a  direct  influence 
of  pressure,  is  that  when  general  arterial  pressure  falls  below  a  cer- 
tain point,  about  4()  mms.  of  mercur>',  the  secretion  of  urine  ceases 
altogether.  Such  a  condition  may  l)e  brought  about  l)y  sui^rical 
sh(K!k,  by  hemorrhage,  or  by  section  of  the  spinal  coni  in  the  cer- 
"vical  or  thoracic  region.  But  here  again  the  great  vascular  dila- 
tation causing  this  fall  of  pressure  is  associaterl  with  a  feeble  cir- 
culation, and  the  effect  upon  the  kidney  secretion  may  well  be  due 
to  this  latter  factor. 

In  a<ldition  to  var.'ing  the  factor  P  in  the  formula  given  above, 
it  is  possible  also  to  increase  the  factor  p.  Normally  the  pressure 
of  the  urine  in  the  caiieule  must  be  very  low,  owng  to  the  fact  that 
the  secretion  drains  away  as  rapidly  as  it  is  formed.  If  the  ureter 
is  occludefl,  however,  the  pressure  of  the  urine  will  increase,  and  the 
filtration  pressure  P  —  p  will  <liminish.  When  this  experiment  is 
performed  and  the  pressure  in  the  ureter  is  measured  by  a  manom- 
eter, it  is  found  to  rise  to  50  or  60  mms.  of  mercury  and  then  to 
remain  stationary'.  This  fact  might  be  explained  by  8upp)aing 
that  when  p=>i^  the  secretion  stops  on  account  of  the  failure  of 
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the  filtration  pressure.  Little  weight,  Iiowever,  can  Ije  given  to 
tliis  argument,  since  it  is  c]uite  [>ossil>Ie  tliat  under  these  condi- 
tions tlie  urine  may  still  continue  to  form,  but  be  reabsorbed  under 
the  high  tension  reached.  The  exjieiinient  siinply  serx'es  to  show 
the  .stH*retion  pressure  ni  the  urine,  and  the  fact  that  this  pressiire 
rises  as  high  as  50  to  B\  nuns.  niercur>',  w^hile  the  capillar)'  pressure 
is  probably  somewhat  lower,  would  rather  serve  as  an  ai^guxnent 
against  the  filtration  theory.  Exact  figures,  however,  reganl- 
ing  the  fapillarv  pressure  in  the  kidney  can  not  be  ohtainoti;  so 
that  the  exjieriment,  on  the  whole,  gives  us  no  satisfactorv*  in- 
fonnation  regarding  the  theory  of  secretion.  Dreser  has  used  a 
different  argument  to  prove  that  the  production  of  the  water  in- 
volves the  [>erfomiance  of  work  on  the  part  of  the  epithelial  cells. 
He  jK)ints  out  that  in  some  comhlions — <:,  g.,  after  drinking  beer — 
the  urine  nrny  l:>e  ver}-  dilute,  as  shown  by  the  fact  that  its  freezing 
point  may  be  only  0.18°  C.  or  0.16**  C.  below  that  of  pure  water, — 
that  is,  A  =  —els'"  C.  or  —0.16*'  C.  (see  appendix).  Since  hlooiJ- 
Benun  has  A  =  — 0.56°  C,  the  difference  in  concentration  l>etween 
the  blood  and  the  urine  in  such  a  case  of  extreme  dilution  shows  an 
osmotic  pressure  in  favor  of  the  blood  equivalent  to  A  =  — 0.4°  C. 
Measured  in  mechanical  units,  this  would  indicate  an  initial  osniotic 
pressure  of  40.08  meters  of  water  tending  to  tlrive  the  water  from 
the  urinifemns  tubules  into  the  blood,  whereiis  the  filtration  pres- 
sure drixing  the  water  in  the  other  direction  could  not  at  a  max- 
iuuun  exceeil  2.72  meters  of  water.  If  tins  argmuent  is  valid,  tJie 
elimination  of  the  water  takes  place  against  a  .stnmg  opposing  os- 
motic piTssurc,  and  the  energ>'  ne<*e.ssary  for  its  secretion  can  be 
referred  only  to  the  activity  of  the  epithelial  cells. 

Function  of  the  Convoluted  Tubule,— By  the  term  convoluted 
tubule  i.s  meant  here  the  entire  stretch  from  the  glomendus  to  the 
stniight  tubules,  its  epithelium  varies  in  character;  its  cells  are 
distinguished  in  general,  as  contrasted  with  the  glomerular  epithe- 
liiun,  In'  a  relatively  large  amount  of  gnumlar  pn>toplasm.  The 
question  of  interest  at  present  in  regard  to  this  epitheliiun  is  whether 
it  is  secreton-  or  al>s<:>rptive.  The  original  view  of  Ludwig  that 
diffusii>n  takes  ]>lace  in  these  tubules  between  the  urine  and  the 
blood  (iymjihl  in  accordance  with  sunple  i>hysical  laws  antl  that 
by  tliis  action  alone  the  dilute  urine  is  brought  to  its  nomuil  concen- 
tration must  be  abandoned.  The  mere  fact  that  the  urine  may  be 
more  concentrated  in  certain  constituents  than  the  blood  is  suffi- 
cient evidence  that  other  factors  must  co-o})erate.  Those  who  Ije- 
lieve  that  the  main  function  of  the  tubules  is  alisorptive  are  obliged 
to  regard  this  process  as  phy.siological,  as  a  selective  absorj>tion 
depending  u(K>n  the  living  structure  and  proijertics  of  the  epithelial 
cells.     The  kind  of  e%idence  upon  which  this  view  is  based  is  some- 
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what  indirect;  a  single  example  niay  suffice.  Cushny  states*  that 
if  certain  diuretics — for  example,  ajtliiuii  chlorid  and  sodiujn  sul- 
phate— are  injectet.l  simultanecaisly  into  the  hlood  and  in  such 
amounts  that  an  etjual  nuiufjer  of  Hie  anions  (CI  and  SU^)  are  pres- 
ent, the  quantities  that  are  excretotl  in  the  urine  during  the  next 
hour  or  two  follow  different  cun'es  and  var>'  indejx^nilently  of  their 
concentration  in  the  plasnm.  While  this  intlejieiidcnce  might  \te 
referreii  to  a  specific  secreton*  action,  the  aullior  hncfs  n  simpler 
explanation  in  variations  in  absorption,  the  epithelium  of  the  con- 
voluteti  tulnile,  Uke  that  of  the  intestine,  aljsorbing  the  sulpliate 
with  more  difhculty.  On  the  other  sirle,  the  fact.s  that  have  Ijecn 
urped  in  favor  *if  the  secreton'  hypothesis  are  more  numerous  and 
varie<i,  but  ntme  is  entirely  convincing.  Some  f)f  these*  facts  are 
as  follows:  (I)  It  is  stated  that  if  the  ureters  are  ligated  in  birds 
the  urates  will  l>e  founil  de|K>siteti  in  the  urinifemus  tubules,  hut 
never  at  the  ca|>fiular  end.  (2)  Ueidenhain  hiiit  given  proof  that 
the  convoluted  tubules  are  capable  of  excreting  iniligo-cannin  after 
this  substance  is  injected  inti>  the  hlood.  His  exj^eriment  consisted 
eseentially  in  injecting  the  material  into  the  blood,  after  dividing 
the  cord  so  as  to  reduce  t!ie  rapidity  of  secretion.  After  a  certain 
inter\'al  the  kidney  was  removctl  and  irrigateil  with  alcohol  to  pre- 
cipitate the  indigo-caniiin  i}i  situ  in  the  organ.  Micro-^^cnpioal  ex- 
amination sliowed  that  aft<?r  this  treatment  the  granules  of  the 
indigo-camiin  are  foimd  in  the  convoluted  tubules,  hut  not  in  the 
caiimiles  annmd  the  glomenili.  (3)  Several  obsen'ers  (Van  der 
Stricht,  Disse*  Tramluisti,  fiunvitschf)  have  described  microscojiical 
appearances  in  the  cells  lining  the  tubules  imlicative  of  an  active 
secretion.  They  picture  the  formation  of  \'esieles  in  the  cells  and 
appearances  which  indicate  the  discharge  of  these  vesicles  into  the 
cavity  of  the  tubuk^.  (4)  Niissbaiim  made  use  of  the  fact  thiit  in 
the  frog  the  glomenili  are  supplied  Ijy  Iminches  of  the  renal  arter>-, 
while  the  rest  of  the  tul>es  are  supplied  by  the  renal  portal  vein. 
He  stated  tliat  if  the  renal  arter>'  is  ligat«<l  the  glomeruli  are  de- 
prived completely  of  hlfKxl.  and  that  as  a  result  the  flow  of  urine 
ceases.  If  under  these  conditions  urea  is  injecte<l  into  the  circulation 
it  is  excreted  t^^gether  with  some  water,  thus  proving  the  secretory 
activity  of  the  tubules  with  regard  to  urea.  Later  experiments  by 
Adami  and  by  Hetldardt  have  thrown  doubt  upon  this  otherwise 
crucial  experiment.  Adami  claims  that  ligature  of  the  renal  arte- 
ries does  not  shut  off  completely  the  glomerular  cin'ulation,  while 
Beddard,  although  he  corrolx)rates  Nussbaum  in  the  point  that 
complete,  occlusion  of  the  renal  arteries  suspends  entirely  the  secre- 

•  "Journal  of  Phy?ioU»g>',"  27,  42<>,  1902. 

t  See  Gurwitoc'h,  **Archiv  f.  die  gesammte  Physiologie, "  91,  71,  1902. 

t  Beddard,  "Journal  of  Ph>'siology/'  28.  20,  1902. 
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tion  of  urine,  finds  that  under  these  conditions  injection  of  urea  into 
the  circulation  is  not  followed  by  a  secretion.  (5)  Dreser  has  shown 
that  the  aciiiJty  of  tlie  urine  is  due  to  an  action  of  the  epithelium 
of  the  tubules.  If  an  acid  indicator,  such  as  acid  fuchsin,  is  in- 
jected into  the  dorsal  h'niph  sac  of  a  frog,  and  an  hour  or  so  later 
the  kidneys  are  examined,  it  vnU  be  found  that  the  convoluted  tu- 
bules are  oolorett  red,  while  the  capsular  end  is  coloHess.  imlieating 
that  the  set-retion  at  the  latter  [>oint  has  an  alkaline  reaction,  llie 
exi>eriment  shows  that  the  acid  substances  in  the  luineare  produced 
ill  the  convoluted  tubules.  The  simplest  explanation  is  that  they  are 
foniied  by  a  secretor\-  activity  of  the  epithelial  cells,  although  one 
may  adopt  the  less  [trobalile  view  that  the  cells  produce  the  acid 
I>hosphates  by  a  selective  absorption  of  alkaline  salts.  On  the 
wliole,  it  must  l>e  aihnitted  that  the  weight  of  evidence  is  in  favor 
of  the  Bovvman-Heidenhain  theor\*  of  secretion,  and  it  remains  for 
future  investigations  to  explain  more  definitely  what  is  meant  by 
the  obscure  tenn  secretor\'  acti\ity, 

I'ntler  patliological  conditions  it  has  been  shown  satisfactorily 
that  the  albmniii  and  sugar  which  may  be  present  iji  the  urine  are 
secreted  or  eliminated  at  the  glomerular  end  of  the  tubule. 

Action  of  Diuretics. — An  important  siflc  of  the  theories  of 
secretion  of  urine  is  their  application  to  the  action  of  diuretics. 
Water;  various  soluble  std>stances,  such  as  salts,  urea,  and  de^xtroee; 
and  certain  sixK-ial  drugs,  such  as  caffein  or  digitalis,  exert  a  diuretic 
action  on  the  kidneys.  Much  exjjeriniental  work  has  lieen  done 
to  ascertain  whether  the  action  of  these  substances  can  l>e  explained 
mechanically  by  their  infhience  on  the  blood-flow  or  the  blood- 
pressure  in  the  kiilney  cai>illaries.  or  whether  it  is  necessarv'  to  fall 
back  ujKin  a  specific  stimulating  effect  exerted  by  them  upon  the 
efiithelial  veWa  tjf  the  tulndes.  Adherents  of  the  original  Ludwig 
theory  are  forcc^d  to  explain  their  action  by  the  effect  they  pro- 
duce upon  the  pressure  in  the  kidney  capillaries,  and,  indeed,  it 
has  been  shown  with  reference  to  the  saline  diuretics  that  their 
effect  upon  the  secretion  is  in  proportion  to  the  osmotic  pressure 
they  exert.  It  has  t>een  suggested,  therefore,  that  the  action  of 
these  diuretics  lies  in  the  fact  that  they  attract  water  from  the  tis- 
tues  into  the  blmul  ami  thus  cause  a  condition  of  hydremic  plethora. 
But  whetlier  the  elimination  of  this  excess  of  water  is  due  to  filtra- 
tion or  to  an  active  secretion  by  the  glomerular  epithelium  is  a 
question  that  revives  the  discussion  that  has  l)een  presented  briefly 
above.  Most  ol:)8ervers  find  that  the  vascular  changes  in  the  kid- 
ney, particularly  after  the  administration  of  caffein  and  digitalis, 
do  not  explain  sati.sfactorily  the  phenomenon  of  diuresis,  anil  al- 
though it  is  necessiuy  to  admit  that  the  diuretics,  or  some  of  them, 
act  in  jjart  by  the  changes  wliich  they  cause  in  the  circulation  in 
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the  kidney,  those  who  adopt  the  Downian-Heidenhain  theory  a»- 
sunie  usually  tliat  these  substances  exert  also  a  direct  stimulating 
action  on  the  siecreton'  cells. 

The  Blood-flow  through  the  Kidneys. — It  will  be  inferred 
from  the  discussion  above  that,  other  conditions  remaining  the  sanie^ 
the  secretion  of  the  kidney  varies  with  the  quantity  of  bkK)d  flowing 
through  it.  It  is.  therefore,  ini[x>rtant  to  refer  briefly  to  the  nature 
and  especially  the  regulation  of  the  blood-flow  through  this  organ» 
although  the  same  subject  is  referred  to  in  connection  with  the 
general  description  of  vasomotor  regtilation  (see  Ciri'ulation).  It 
has  l^een  shown  by  I^ndergren*  and  Tigerste<lt  that  the  kidney 
is  a  ver>'  vascular  orjran.  at  least  when  it  is  in  strong  functional  activ- 
ity such  as  may  be  pmduced  by  the  action  of  diureti<'s.  They  esti- 
mate that  in  a  minute's  time,  under  the  action  of  diuretics,  an  amount 
of  bloixl  flows  through  the  kitiney  ef|ual  to  the  weight  of  the  organ; 
this  is  an  amount  from  four  to  nineteen  times  as  great  as  occurs  in 
the  average  supply  of  the  other  oi^gans  in  the  systemic  circulation. 
Taking  lx)th  kidneys  into  account,  their  figures  show  that  (in  slmng 
diuresis)  5.0  per  cent,  of  the  total  quantity  of  blood  sent  out  of  the 
left  heart  in  a  minute  may  pass  tlmjugh  the  kidneys,  although  the 
combined  weight  of  these  organs  makes  only  0.56  per  cent,  of  that 
of  the  body. 

The  nature  of  the  supply  of  vasomotor  nerves  to  the  kidney  and 
the  conditions  which  bring  them  into  activity  are  fairly  well  known, 
owing  to  the  useful  invention  of  the  oncometer  by  Roy.  This  in- 
strument Ls.  in  principle,  a  plethysmograph  especially  mo<lified 
for  use  upon  the  kiiiney  of  the  living  animaL  It  is  a  kidney -sha|>eil 
box  of  thin  lirass  made  in  two  parts,  hinged  at  the  hack,  and  with 
a  clasp  in  frtmt  to  hold  them  together  In  the  iiit€»rior  of  the  lx>x 
thin  peritoneal  membrane  is  so  fastened  to  each  half  that  a  layer 
of  olive  oil  may  l>e  placed  between  it  and  the  brass  walls.  There 
is  thus  fonneii  in  each  half  a  soft  |>ad  of  oil  u[«')n  which  the  kidney 
reels.  When  the  kidney,  freed  as  far  as  jxis.sible  from  fat  and  sur- 
rounding connective  tissue,  but  with  tfie  b!ood-vesseis  and  nerv'ea 
entering  at  the  hilus  entirely  uninjured,  is  laid  in  one-half  of  the  on- 
cometer, and  the  other  half  is  shut  down  up<m  it  and  tightly  fas- 
tened, the  organ  is  sumiunded  by  oil  in  a  box  which  is  liquid-tight 
at  every  point  except  one,  from  which  a  tube  is  led  off  to  s<jme  suitable 
recorder  such  as  a  tamlM>ur.  Under  these  conditions  ever>'  increase 
in  the  volume  of  the  kidney  causes  a  proportional  outflow  of  oil 
from  the  oncometer,  which  is  measured  ijy  the  recorder,  antl 
every  diminution  in  volume  is  accompanied  by  a  reverse  change. 
At  the  same  tune  the  flow  of  urine  during  these  changes  can  be 
determined  by  inserting  a  cannula  into  the  ureter  and  measuring 
•"Skandinaviaches  Archiv  f.  Physiobgie, "  4.  241,  1892. 
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directly  the  outflow  of  urine.  By  this  and  other  means  it  has 
!>een  shown  that  the  kidney  receives  a  rich  supply  of  vasoconstrict<jr 
nerve  fibers  that  reach  it  between  and  around  the  entering  blood- 
vessels. These  fibers  emerge  from  the  spinal  cord  chiefly  in  the 
lower  thoracic  spinal  ner\*e8  (tenth  to  thirt<*enth  in  the  dog),  pass 
through  the  9ym]mlhetic  system,  iind  reach  the  organ  as  postgan- 
glionic fibers.  Stimulation  of  the^te  nerves  causes  a  contraction  of 
the  small  arteries  of  the  kidney,  a  shrinkage  in  volume  of  the  whole 
organ  as  measured  by  the  oncometer  (see  Fig.  223).  and  a  diniin- 
ishetl  secretion  of  urine.  When,  on  the  other  hand,  these  con- 
strictor tilM?rs  are  cut  as  they  enter  the  hilus  of  the  kidney,  the  ar- 
teries are  thlateiJ  on  account  of  the  removal  of  the  tonic  action  of 
the  constrictor  fifjers,  the  organ  enlarges,  and  a  greater  tiuantity 
of  blood  passes  through  it,  since  the  resistance  to  the  blood-flow  is 
diminished  while  the  genend  arterinl  pressure  in  the  aorta  remiuns 
practically  the  same.  Along  with  this  greater  flow  of  blood  there 
is  a  marked  increase  in  the  secretion  of  urine. 

I'nder  normal  conditions  we  must  suppose  that  these  fibers  are 
brought  into  play  to  a  greater  or  less  extent  by  reflex  stimulation, 
and  thus  servo  to  contrfil  the  blood-flow  through  the  kidney  and 
thereby  influence  its  functional  activity.  It  has  been  shown,  too, 
that  the  kidney  receives  vasodilator  ner\'e-fiberB, — that  is,  fibers 
which  when  stimulated  directly  or  reflexly  cause  a  dilatation  of 
the  arteries,  antl  therefore  a  greater  flow  of  blood  through  the  or- 
gan. According  to  Bradford,  these  fillers  emerge  from  the  spinal 
cord  mainly  in  the  anterior  uioLs  of  the  eleventh,  twelfth,  and  thir- 
teenth spinal  nerves.  Under  normal  conditions  these  fibers  are 
probably  tlimwn  into  action  by  reflex  stimulation  and  lead  to  an 
increased  functional  actiNity.  It  will  be  seen,  therefore,  that  the 
kidneys  possess  a  local  ner\^ous  meclianism  through  which  their 
secretor)'  activity  may  lie  increased  or  diminished  by  correspond- 
ing alterations  in  the  blood-supply,  80  far  is  as  known,  tiiis  is  the 
only  way  in  which  the  secretion  in  the  kidneys  can  l>e  directly  af- 
fected by  the  central  nervous  system.  It  should  l-»e  borne  in  mind, 
also,  that  the  blood-ftow  through  the  kidneys,  and  therefore  their 
secreton*  activity,  may  be  aff"ected  by  conditions  influencing  general 
arterial  pressure.  Conditions  such  as  asphraa.  str>*chnin  poison- 
ing, or  painful  stlnuilation  of  sensory  nerves,  which  cause  a  general 
vasoconstriction,  influence  the  kidney  in  the  same  way,  and  tend, 
therefore,  to  diminish  the  flow  of  blood  through  it;  while  conditions 
wliich  lower  general  arterial  pressure,  such  as  general  vascular  dila- 
tation of  the  skin  vessels,  may  also  depress  the  secretor}'  action  of 
tlie  kidney  by  dimini.shinj;  the  amount  of  blood  flowing  through  it. 

In  what  way  any  given  change  in  the  vascular  conditions  of  the 
body  will  influence  the  secretion  of  the  kidney  tlepends  upon  a  mmi- 


KIDNEY    AND  SKIN    AS    KXCRETORY   ORGANS. 


761 


p 


» 


ber  of  factors  and  their  relations  to  one  another,  but  any  change 
wliich  will  increase  the  difference  in  pressure  l>etween  the  hkHxi  in 
the  renal  urten'  anil  the  reujil  vein  will  tend  to  aupiient  the  flow 
of  blood  unless  it  is  antagnuiKcd  by  a  sijiuiltaneous  constriction  in 
the  sniail  iirteries  of  the  kidney  itself.  On  the  coritrar\%  any  vius- 
cular  dilatation  of  the  vessels  in  the  kidney  will  t^*nd  to  increiise 
the  blocwl-flow  through  it  unless  there  Is  at  the  same  tiine  such  a 
general  fall  of  bltxx I- pressure  ap  is  sufficient  to  lower  the  pressure 
in  the  renal  artm*  and  re<luce  the  clriv-inji^  force  of  the  hlood  to  an 
extent  that  more  than  cf«mt<Tacts  the  favorable  influence  of  liiniin- 
ished  resistance  in  its  snmll  arteries. 

The  Composition  of  Urine. ^The  urine  of  nian  is  a  yello^vish 
liquid  that  varies  jEHX'atly  in  ttepth  of  color.  It  has  an  average 
specific  gravity  of  1.020  and  usxially  an  aciii  reaction.  This  acid 
reaction  is  attribut^i  generally  to  the  presence  of  acid  phosphates, 
particularly  acid  sodium  phosphate  (Nailjl'OJ;  hut,  acconJing  to 
Folin,*  the  acidity  is  due  partially  and  indeed  in  larger  part  to  or- 
ganic acids.  When  tested  by  the  usual  indicators  (litmus)  human 
urine  may  show  an  alkaline  reaction,  and,  in  fact,  observ'ations 
indicate  that  the  reaction  may  van^  in  accordance  with  the 
character  of  the  food.  Among  camivora  the  urine  is  uniformly 
acid,  and  among  heriiivora  it  is  alkaline  so  long  a^  they  use  a  veg- 
etable diet.  During  stan'ation,  however,  or  when  living  upon  the 
mothers'  milk, — that  is,  whenever  they  are  existing  upon  a  purely 
animal  diet — the  urine  l>ecomes  acid.  I'he  general  explanation  of 
this  effect  of  f«Kjd  ttiat  has  l^een  suggested  (Drechsel)  is  that  ujxjn 
an  animal  diet  more  acid.s  are  formed  (fmm  the  oxidation  fif  the 
sulphur  and  phosphorus  of  the  i»mt«ids)  than  in  the  case  of  ihe 
vegetable  fcMnls  in  wliich  the  alkaline  sjdts  of  the  vt^etable  acids 
give  rise  on  oxidation  in  the  tK>dy  to  alkaline  carlnjuat-es.  The 
kidney  separates  from  the  alkaline  (neutral)  blood  and  lymph  the 
excess  of  salts  and  thus  maintains  a  noniial  balance  l)etween  the 
acid  and  basic  e<|uivalerits  in  the  blotjd. 

The  cornyxxsition  of  the  urine  is  very  complex.  In  addition  to 
the  water  and  inorganic  salts  the  following  elejnents  are  important, 
namely^  urea,  the  purin  bodies  (uric  acid,  xanthin,  hypoxanthiii), 
creatinin,  hippuric  acid,  oxalic  acid  (calcium  oxalate),  .several 
conjugated  sulphates  and  conjugate<l  glycuronates,  several  aromatic 
oxyacids  and  nitmgenous  acids,  fatty  acids,  dissolved  gases  (N  and 
(X),),  and  the  urinaT>'  pigments  urochrome  and  urobilin.  This  list 
is  not  complet.e;  a  nujul>er  of  acklitional  substances  have  lxK?n  de- 
scribed as  occurring  con.stantly  or  occasionally  in  traces  within  the 
hmits  of  health.  Under  jmthological  conditions  the  com|x>silion 
may  be  still  further  modifieil.  The  complexity  of  the  composition 
•".\meri(iui  Journal  of  Physiologj-, "  9,  265.  1903. 


752 


PHYSIOLOGY   OF   DIGESTION   AND   SECRETION. 


may  be  understood  when  it  is  recalled  that  through  this  oi^gan  are 
eliminated  styme  of  all  the  end-products  fonned  in  the  various  tis- 
sues, together  with  product^s  arisijig  from  bacterial  fermentation 
in  the  gastro-intestinal  canal  and  various  more  or  leas  foreign  sub- 
stances taken  with  the  food.  It  is  not  possible  to  describe  all  the 
nujuerou-s  (.MUistituenLs  tliat  have  l>ecii  observed.  Attention  uiay 
l>e  ilirectetl  to  th<»se  tliat  quantitatively  or  otherwise  are  of  chief 
physiological  interest . 

The  Nitrogen  Elimination  in  the  Urine. — Nearly  all  of  the  ex- 
cretion of  nitrogen  occiut^  In  the  urine.  In  the  metabolism  of  the 
usual  foodstuffs — carbohydrates,  fats,  and  ]}njteids — the  end-prod- 
ucts of  their  de^^tructlcm  or  physiological  oxidation  in  the  body  are 
water,  carbon  dioxid,  and  nitrogenous  waste  products  (and  sulphates 
and  phosphates  from  the  sulphur  and  phosphorus  in  the  proteids). 
The  water  is  elLiiiinated  in  the  urine,  the  sweat,  saliva,  etc.,  and  the 
expired  air.  The  CO^  is  eliminated  in  the  expired  air,  and  in  smaller 
part  in  dissob'ed  form  in  the  secretions  (sweat,  urine).  The  nitrog- 
enous cxcreti<jn,  repR'senting  the  breaking  down  of  proteid  material, 
is  foimd  in  minute  i>art  in  the  sweat,  to  a  larger  extent  in  the  feces, 
but  in  by  far  the  main  amount  in  the  urine.  In  all  problems  con- 
cerning proteid  inetaixilLsm  in  the  Ijody,  lx)th  as  reganis  ita  char- 
acter and  extentj  the  quantitative  study  of  this  excretion  is  of  par- 
amount importance.  In  order  to  determine  the  total  amount  of 
proteid  meta!>olisjn  it  is  custoniar>'  to  determine  the  total  nitrogen 
eliminated  in  the  urine,  without  reganl  to  its  specific  form.  This 
determination  is  made  usually  by  the  method  of  Kjeldahl.  The 
total  weight  of  nitrogen  midtiplied  by  6.25  gives  the  amount  of  pro- 
teid broken  down,  since  nitrogen  forms,  on  the  average,  16  per 
cent,  of  the  weight  of  the  proteid  molecule.  In  an  average  sizeil 
man  the  total  nitrogen  eliminated  in  a  cia}'  varies,  let  us  say,  between 
14  and  IS  gms.,  which  would  correspond  to  88  and  117  gms.  of  pro- 
teid. It  being  often  necessan.-  to  distinguish  between  the  forms  in 
which  this  nitrogen  is  elLminaleil.  the  following  dLstinctions  are  made: 
(1)  'Ilic  urea  nitrogen,— that  is,  the  nitrogen  eliminate*!  as  urea. 
AcconUng  to  some  recent  analyses  by  Folin,*  the  urea  nitrogen  in 
man  averages  87.5  per  cent,  of  the  total  nitrogen.  (2)  Tlie  am- 
monia nitrogen, — that  is,  the  nitrf»gen  found  in  the  form  of  am- 
monia salts  wluch  liberate  free  aninumia  on  tlie  addition  of  a  fixed 
alkiili.  The  proportion  of  this  ammonia  nitrogen  often  v&riee, 
especially  under  pathological  conditions  affecting  the  liver.  ItB 
quantitative  determination  is  a  matter  of  importance.  The  a%*er- 
age  amount  in  health  may  l>e  slated  (Folin)  as  4.3  per  cent,  of  the 
total  nitrogen,  (3)  The  creatinin  nitrogen, — that  is,  the  amount 
excreted  as  creatinin  and  indicative  of  a  special  (muscular)  metab- 
♦"American  Physiological  Journal,"  13,  45,  1905. 
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olism  (3.6  per  cent,  of  total  nitrogen).  (4)  The  purin  body  nitrogen 
(uric  acid,  xanthin,  h>'poxanthin),  also  indicative  of  a  special  metab- 
olism. 

Origin  and  Significance  of  Urea. — Urea  ha^i  the  formula,  CO- 
K.H,.     It    niav  1)C.  con-sidered  as  an  amid  of  carbonic  acid,  and 

'  N  M 
lias,  therefore,  the  structural  fonnula  of  CO'^^u^     It  occurs  in  the 

xirine  in  relatively  large  quantities  (2  per  cent.).  As  the  total  quan- 
tity of  urine  secreted  in  twenty-four  hours  l>y  an  ailult  niale  may 
be  placed  at  from  !')(«»  to  I7(M)  c.c,  it  follows  that  from  30  to  34 
gms.  of  urea  are  eliminated  from  the  (xxly  during  this  period.  It 
is  the  most  imjxirtant  of  the  nitrogenous  excreta  i>f  the  body,  the 
chief  en<l-pnMluct  of  the  physiological  oxidation  of  the  pn.»teids  of 
the  body,  and  also  *if  the  all)uniinoi(ls  when  they  ai>i>ear  iti  the  f<v>d. 
If  we  know  how  nuich  urea  is  secreted  in  a  given  jjerio<U  we  know 
approximately  how  much  proteid  has  been  broken  down  in  the 
body  in  the  same  time.  In  n.)und  numl>ers.  1  gm.  of  proteid  will 
yield  §  gm.  of  xiren,  as  may  be  calculated  easily  fmni  the  amount  of 
nitrogen  containeil  in  each.  Sinro,  liowever,  s<jmc  of  the  nitn)gen 
of  proteid  is  eliminatcxl  iix  other  forms — uric  acid,  creatinin,  etc. — 
even  an  exact  determination  of  all  the  urea  is  not  sufficient  to  de- 
termine witli  accumcy  the  total  amount  of  |jrr»feid  ijn»keii  down. 
This  fact  is  arrived  at  more  jjerfectly,  as  state^l  above,  l»y  a  deter- 
mination of  the  total  nitrogen  of  the  urine  and  other  excretions. 
In  a<ldition  to  the  urine,  urea  is  found  in  slight  <juantitiea  in  other 
secretions. — in  milk  (in  traces)  and  in  sweat.  In  the  latter  liqtiid 
the  quantity  of  urea  in  twent.v-four  hours  may  l>e  *|uite  ap))reciahle, 
— as  much,  for  instance,  as  O.S  gm., — although  such  a  large  amount 
is  found  only  after  active  exercise.  It  has  l>een  ascertained  definitely 
that  urea  Ls  not  formed  by  the  kidneys;  it  is  brought  to  tlie  kid- 
neys by  llie  blood  for  elimination.  That  urea  is  not  made  in  the 
kidneys  is  demonstrated  by  such  fatts as  these:  If  blumbon  tlieone 
hand,  is  irrigated  thrmigh  an  isolated  kidney,  no  urea  is  formed, 
even  though  suljstances  {such  as  ammonium  carbonate)  from  which 
urea  is  rea<lily  produce<i  are  adde<l  to  the  blood;  on  the  other  hand, 
urea  is  constantly  present  in  the  filorMl  (0.0348  to  0.1529  [)er  cent.), 
and  if  the  two  kidneys  are  removeii,  it  continues  to  accumulate 
steadily  in  the  bhxMj  as  long  as  the  animal  sun'ives.  It  has  been 
ascertained  that  the  urea  is  j)roduced  in  part  in  the  liver.  The  most 
important  questions  to  l^e  decideil  are:  Through  what  steps  La  the 
proteid  molecule  metalmlized  to  the  form  of  urea?  and.  What  is  the 
antecedent  suV>stance  brought  to  the  hver.  from  which  it  makes 
urea?  It  IS  imFxxssil)le  to  answer  these  questions  perfectly,  but 
recent  investigations  have  thrown  a  great  deal  of  hght  on  the  whole 
pioceeB,  and  they  give  hope  tliat  before  long  the  entire  history  of 
48 
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the  derivation  of  urea  from  proteicis  and  albuminoifls  will  l>e  known. 
llie  results  of  this  work  nia\'  l>e  state*!  briefly  as  follows: 

1.  Urea  arises  from  proteitls  b>'  a  process  of  hydrolysis  and  oxidji- 
tion,  with  the  fonnation  eventually  of  anunonia  cojnjxjuncis,  which 
are  then  conveyed  to  the  liver  and  there  changed  to  urea.  Drech-sel 
has  suggested  tbat  anmionium  carbamate  fomis  one  at  least  of  the 
anunonia  compounds  that  are  converted  to  urea,  and  gives  the  fol- 
lowitif^  evidence  for  this  view.  In  the  first  place,  Drechsel  found 
carlraniic  acid  in  the  blooil  of  dogs^  and  Drechsel  and  Al)el  have 
shown  that  it  occurs  nonnally  in  the  urine  of  horses  as  calcium  car- 
bamate. Al>el  hiis  shown^  also,  that  it  may  be  found  in  the  urine 
of  ilogs  or  infants  after  the  use  of  lime-water.  Drechsel  has  shown, 
further,  tliat  ammoniujn  carbamate  may  be  converted  into  urea. 
If  one  compares  the  formulas  of  anmionitmi  carbamate  and  urea, 
it  is  seen  that  the  fonner  may  pass  over  into  the  latter  by  the  Iosb 
of  a  molecule  of  water,  as — 


co<(^^{i.-«.o  =  co<^. 


Ammonium 
carbamate. 


Ur«A. 


Drechsel  su|^X)Be6,  however,  that  this  dehydration  is  effected  in  an 
indirect  manner;  that  there  is  fire^t  an  oxidation  remo\'ing  two 
atoms  of  hydrogen,  antl  then  a  reduction  reJiioving  an  atom  of  oxy- 
gen. He  succeeiled  in  sliowinjr  that  when  an  aqueous  solution  of 
ammoniiun  carbamate  is  siibniitted  to  electrolysis,  and  the  direc- 
tion of  the  current  is  chanp;ed  repeatedly  so  as  to  get  fdtemately 
reciuction  and  oxidation  processe^^  at  each  pole,  some  urea  is  pro- 
dueed.  These  facts  show  the  existence  of  aximionium  carbamate 
in  the  body,  and  the  ix»ssibiiity  of  its  conversion  to  urea.  It  remains 
possible,  however,  that  other  salts  or  compounds  of  anmionia  may 
likewise  be  converted  norniall\"  ti>  urea  by  the  liver,  since  it  has  been 
ahowTi  exi^erimentally  in  artificial  circulation  through  this  oi^n 
that  salts  such  a.s  ammonium  carbonate,  or  even  such  complex 
ammonia  comfMnunds  as  leucin  and  glycocoll,  may  give  rise  to  urea. 
Experiments  made  by  Hahn,  Pawkiw,  Massen,  and  \encki*  show 
that  in  dogs  removal  of  the  liver  is  followed  by  a  decrease  in  the 
amount  of  urea  in  the  urine  and  an  increase  in  the  ammonia  con- 
tents. In  these  remarkable  cxporijnents  a  fistula  (Eck  fistula)  was 
made  between  the  portal  vein  and  the  inferior  vena  cava,  the  result 
of  which  was  that  the  whole  jjortal  circulatinn  of  the  liver  was 
abolished,  and  tiie  only  blcHul  that  the  organ  received  was  through 
the  hepatic  arter>'.  If,  now,  this  arter>'  was  ligated  or  tlie  liver 
was  cut  away,  as  was  done  in  some  of  the  experiments,  then  the 
refiult   was   practically   an   extirj^ation  of  the  entire  organ.    The 

♦  "Archly L  experimentelle  Pathologic  u.  Phanuakologie, "  32, 161, 1893. 
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^LnlxnaLs  in  these  investigations  sunnved  this  operation  for  some  time, 
t>ut  they  died  fiiiall>',  showing  a  series  of  symj>tonis  whirh  indicated 
^  deep  disturbance  of  the  nervous  system.     It  was  found  that  the 
»i,Tnpt45m8  of  poisoning  in  these  animals  could  l*e  bn>ught  on  before 
they  develope<l  sponUneously  by  feeding  the  dogs  ujjou  a  rifli  meat 
« liet,  or  with  sidts  i»f  mnruonia  or  earbaniic  acid,     LaUT  investiga- 
tions* showed  tliat  in  nonnal  nniiual'^  tfie  anuiionia  content-si»f  the 
l)loo<l  in  the  portal  vein  are  fmm  three  to  four  limes  what  is  found 
in  the  arterial  bloo<I,  but  that  after  the  operation  described  the 
aunmonia  in  the  arterial  l>i(Hnl  increases  and  at  the  time  of  the  de- 
A^elopinent  of  the  fat^l  s>Tiipt<ijns  reaches  alxiut   the   [wrcentage 
■which  is  normal  to  the  blood  of  the  portal  vein.     It  would  seem 
from  these  investigations  that  the  liver  stands  Iwtween  the  jx^rtal 
circulation  and  the  general  systemic  circulation  and  protects  the 
latter  from  the  companitively  large  amount  of  mnmonia  romiMJunds 
eontained  in  the  |X>rt-al  l>lfKHl  by  converting  these  comixiunds  to 
urea.     If  the  liver  is  thmwn  out  of  function,  annuonia  compounds 
accumulate  in  the  blood  and  cause  death.     Similar  ammonia  salts 
are  probably  fonned  in  other  active  pnUeid  tissues,  since  the  per- 
centage of  anunonia  in  the  tissues  is  considenibly  grenter  than  in 
the  blood,  and  these  coni|KMinds  also  are  doubtless  converted  to 
urea  in  the  liver,  in  part  at  least.     As  to  the  origin  of  the  anunonia 
compounds,  there  is  little  direct  evidence.     They  come,  in  the  long 
run,  of  coimse,  from  the  nitmgenous   foodstuffs, — proteids  and  al- 
bimiinoids.     Dreclisel  supposes  that  the  proteids  first  undergo  hydn^ 
lytic  cleavage,  with  the  formation  of  amido-l)o<lies,  such  lus  leucin, 
lATOsin,  aspartic  acid,  glycocoll,  etc.;    that  these  bodies  undergo 
oxidation  in  the  tissues,  with  the  formjition  of  NH,,  C()„  and  HjO; 
anri  tlmt  the  .VH,  and  C( ),  then  unite  synthetically  to  fonn  am- 
moniimi  carbamate,  which  is  carried  to  the  liver  and  changwl  to 
urea.     It  is  a  ver>*  significant  fact  that  the  relative  and  aksnlute 
amount  of  urea  nitrogen  in  the  urine  varies  directly  with  the  amount 
of  proteid  taken  aa  food,  while  other  nitmgenous  constituents  of 
the  urine  (crcatinin,  purin  bases)  are  pnictically  not  affected  by  the 
food,  if  care  is  taken  to  have  the  ftwHl  free  of  these  substances  to 
begin  with.     Kolin  has  laid  emphasis  upon  this  fact,t  and  suggests, 
therefore,  that  most  of  the  nrea  may  come  directly  from  proteid  of 
the  food  which  is  hvdrolyzed  during  digestion  and  absoqition  (action 
of   tn'pein  and  erepsin)  into  simpk^r  amid*>-acitU.     These   amido- 
hodiea  by  further  hydrr>lysis  and  oxifbtion  may  be  convertetl.  ao 
far  as  their  nitrogen  is  concenietl,  into  ammonia  compounds  and 
eliminate*!  at  once  as  urea  by  the  liver  without  entering  into  tissue 


*  Xenoki,  Panlow,  nnd  S^leski,   ihidi,  37,  26,  1895;    also  Nencki  and 
Pttwiow,  "  A  re  hi  vest  ties  ^cienres*  biolopques,"  5,  213. 

t   Kolin,  ".Anjericon  JournuJ  of  Physjiolog)', "  13,  117,  1006. 
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formation  at  all.  In  this  w&y  the  large  proportion  of  ammonia 
conij)OTiiKls  in  the  ixirtiil  blootl  after  digestion  may  be  exj^lained. 
Granting  that  a  portion,  perhaps  a  large  portion,  of  the  urea  arises 
from  this  early  hydrolysis  of  the  proteid  of  the  food,  we  must  admit 
also  at  present  that  ainmrmia  conij^ounds  may  be  formed  in  the  tis- 
sues of  the  lK>dy  generally,  pnjbably  by  a  similar  pn>cess  of  hydrol- 
ysis followed  l)y  oxidation. 

2.  It  is  stated  (Kossel  and  Dakin*)  that  a  ferment  (arginaee) 
may  be  extracted  from  the  liver  which  is  capable  of  splitting  arginin 
into  urea  and  omithin  (diamidovalerianic  acid).  Since  arpinin  is 
one  of  the  iliuniidiH-liodies  fonned  by  the  hydrolysis  of  tlie  proieids 
during  digestion,  it  i.s  jxissihle  that  some  of  the  urea  has  this  origin. 
The  fact  lends  some  probaljility  to  the  view  suggested  al>ove  that 
much  of  the  nitrogen  of  i)n>teid  food  may  be  convert^  to  urea  liefore 
enlering  the  general  circulation. 

'4.  Kvcn  after  the  removal  of  the  liver  some  urea  is  still  foimd  in 
the  mine.  This  fact  proves  that  other  oi^ns  liave  the  power  of 
forming  im?a,  but  what  these  other  organs  are  and  by  what  process 
they  make  urea  are  ix)ints  as  yet  undecided.  It  seems  as  though 
the  urea-fonning  power  uf  the  liver  is  shared  by  some  of  the  other 
tLssues.  just  as  its  glycogenic  fimrtions  are. 

Origin  and  Significance  of  the  Purin  Bodies  (Uric  Acid, 
Xanthin,  Hypoxanthin). — ^These  bodies  are  related  chemically, 
and  apiK'ur  aLs*)  to  have  a  common  physiological  significance.  Their 
chemical  rcUitioas  have  l)eon  dcscrilied  by  Emil  Fischer,  to  whom 
we  owe  the  term  purin  IkkIIcs.  Fischer  pointed  out  that  these  and 
other  subst-ances  belonging  to  this  group  have  a  conuuon  nucleus: 
N  — C 

C       C  —  Nv  which     he     named      the      purin     pucleus.     The 

hvdrogen  compound  of  tliis  nucleus  would  be  designatetl  aa  purin, 

N  =  CH 


and  would  have  the  formula:    HC 


N- 


NH      ,  CjH,N\.     Addi- 


c-n)ch 


atom    of    oxygen    gives    hypoxantliin.    CgH,N,0: 


Addition  of  two  atoms  of  oxj'gen  gives  xan- 


tion    of    an 
HN  — CO 

HC       C  —  NH 

II         II  ^CH. 

N  —  C  —  N^^"* 

HN  —  CO 

thin,  CjH.N.O,:    CO      6  — NH 

h'v  —  c  —  N^^*    ^^  addition  of  three  atoms 

♦Kossel  and  Dakin,  "  Zeitschrift  f.  physiol.  Chemie,"  42,  181,  19M, 
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^^H  UN  —  CX) 

of  oxygen  gives  tiric  acid,  C.H.N.O,:  CO       c  — NH        ,  which 

I         li  iO 

UN  — C  — XH 
from  this  standpoint  might  be  named  trioxyjMirin,  If  one  of  the  H 
atoms  in  the  purin  issnhstitutefl  hy  an  amidogniup,  XH^,  the  com- 
fX)und,  atienin  (CsHsNJ,  Lh  obtained,  iind  the  further  adtlitian  of  oxy- 
gen gives  giianin  (CjHjNjlJ).  Moretjver,  ciifTcin,  tiie  active  principle 
of  coffee  and  tea, and  thoohroniin,  the  active  pnnrijtletjf  rocrm.are  re- 
spectively triinethyl  and  diniethyl  contjwunds  of  piirin.  Trie  acid. 
xanthin,  hypoxanthin,  and  in  smaller  amounts  other  nieiphers  of  this 
group  are  found  constantly  in  the  urine.  It  has  l>ecn  fx>in(e4l  out* 
tliat  those  suhstances  come  jMirtly  from  purin  bodies;  taken  iis  food. 
If  materials  contitining  tfu^  purin  h<Mlio.'^,  such  as  meat,  are  fed  these 
l>odies  are  exeretetl  in  part  in  the  urine.  It  is  projMised  to  designate 
the  uric  acid,  etc.,  that  has  this  iirigin  as  the  exogenovis  purin  ma- 
terial. A*  portion  of  the  animint  <laily  set*nneii  comes,  however. 
from  a  metahoHsni  of  the  proteid  materia]  of  the  IhmIv,  and  this 
portion  may  l>e  distinguished  as  the  endogenous  purin  bodies.  This 
latter  amount  is  found  t^>  be  j^rat^tically  constant,  0A5  to  0.2f)  gm. 
per  day  for  any  one  individual,  and  the  amount  is  not  affected  by 
changes  in  the  quantity  or  character  of  the  foo<L  but  varies  within 
certain  limits  with  the  manner  of  life.  I'A'idently  the  endogenous 
purin  nitrogen  represent.s  a  sjtocia!  mctalM^lLsm,  prtjliably  of  the  liv- 
ing tissues,  that  goes  on  inilopcmlcntly,  in  gn^at  measure,  of  the 
mere  oxidation  of  food.  The  view  generally  adopted  at  present  is 
that  firs?  pn>[)ose<l  by  Horfiaczewsky^t— namely,  tliMt  the  [lurin 
bodies  are  the  eud-pmduet.  jso  far  :is  the  nitrogen  is  concemoih  of 
the  phj-^ological  oxidation  of  the  nuclein  (see  ap]:>endix)  found  in 
the  nuclei  of  the  cells,  and  csi>ecially  perhap  of  the  nuclein  of  the 
leucocytes.  On  this  view  tFie  purin  IkxIics  give  a  meai>ure  of  the 
extent  of  metaljolism  in  the  cell-nuclei.  The  actual  tmjount  of  these 
substances  found  in  the  urine  does  not  in  all  i>robability  represent 
the  entire  amount  formetl  in  the  body.  It  is  found  that  when 
xanthin,  hyf)oxanthiu.  uric  acid,  or  materials  such  as  tiver  or  thymus 
rich  in  purin  Im^Uos  are  fed,  only  alM:)Ut  half  of  the  material  is  ex- 
creted as  such  in  the  urine,  and  it  seems  prol>al)Ie  that  the  same 
fate  occurs  to  a  part  of  the  endogenous  purin  material  normally 
formed  in  the  body.  Among  binls  and  rejitiles  uric  acid  represents 
the  chief  nitrogenous  excretion  of  the  urine,  taking  physiologically 
the  place  held  by  urea  in  the  mammalia.  In  the  birds  it  has  been 
shown  that  the  uric  acid  is  forme<l  in  the  liver.  Extirpation  of  the 
kidneys  in  these  animals  leads  to  an  accumulation  of  uric  acid  in 

♦  See  Burian  and  Schur,  "Ardiiv  f.  tlie  |te<^inmte  PhvMolope, "  94,  273, 
3 
t  See  Minkowski*  "  Archiv  t  exper.  Pathol,  u.  Pharmakol,"  41,  376. 
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the  blood  and  tissues,  while  removal  of  the  liver,  on  the  contran* 
causes  a  decrease  in  the  excretion  of  uric  acid  and  an  increase  in 
the  ammonia  contents  of  the  urine.  It  may  i>e  concluded,  there- 
fore, that  In  birds  uric  acid  is  formed  in  part  at  least  in  the  liver 
from  ammonia  conijioimds.  Whether  the  liver  takes  a  part  in  the 
forniatitm  t)f  the  endogenous  uric  acid  in  inanunala  has  not  Ijeen 
positively  shown. 

Origin  and  Significance  of  the  Creatinln. — Creatinin  (C^H^- 
N,0)  is  derived  from  the  creatin  (C^H.NjO,)  found  in  muscle.     Its 


stnictnral  formula  is  given  as  NHC 


NH  — 10 


S{CH 


m 


and  its  chemical  re- 


lations are  indicated  by  the  fact  that  it  may  be  prepared  sj'nthetically 
from  nicthyl-gh'cocoll  ami  cyanamid, — that  is,  the  union  of  these 
two  substances  gives  creatin,  from  wliich  in  turn  creatinin  may  be 
olitained. 


N=C— NH, 

Cyanamid. 


NH((.H,)CH,COOH    =   NHc/NHj^j^^^jj^^^jj 

Methy  l-ily  ooooll.  Creatin . 


tVeatinin  occurs  in  the  urine  constantly  and  in  amounts  equal  to 
1  to  2  gms.  per  day.  Next  to  the  urea  and  the  anunonia  com- 
pounds it  forms  the  most  important  nitrogenous  constituent  of  the 
urine.  Its  physiological  histor>*  is  imjjcrfectly  known.  The  fol- 
lowing fact.s,  however,  are  significant  and  tlirow  some  light  on  its 
origin.  Like  the  purin  bodies,  the  amount  present  in  the  urine  is 
proliafily  jmrtl\-  of  an  exogenous  and  partly  of  an  endogenous  origin, 
— that  is,  jjart  is  formeti  in  the  body  and  part  arises  from  the  creatin 
contained  in  the  meals  and  soups  u.sed  as  food.  The  endogenous 
portion,  which,  of  course,  is  the  part  that  is  interesting  physio- 
logicatly,  shows  a  tendenc\-  to  remain  constant  under  constant  von- 
tions  of  life,  and  this  fact  indicates  (Folin)  that  the  creatinin  repre- 
sents an  end-profliict  of  the  metabolism  of  living  or  organizerl  pnv 
teid  tissue  rather  than  one  of  the  rej^ults  of  the  metalx)lisni  of  the 
foot!  proteid.  Everything  would  indicate  also  that  this  suhstiince 
originates  in  the  muscular  tissue.  Cretitin  is  a  constant  and  consider- 
able constituent  of  muscle,  and  a  fair  inference,  therefore,  is  that 
it  originates  in  this  tissue  frojn  the  t'atalmlism  of  the  muscle  sub- 
stance, and  is  sub.sequently  given  to  the  blood  and  excreted  as  creat- 
inin. A  difficulty  in  regani  to  tliLs  last  hyjx>thesis  Ls  found  in  the 
fact  that  the  mass  of  muscular  tissue  in  the  body  contains  a  relatively 
lai^ge  amount  of  creatin  (90  gms.)  and  yet  only  1  to  2  gms. 
are  excreted  in  the  urine  during  the  day.  On  account  of  this  dis- 
proportion it  has  l)een  suggested  that  some  of  the  creatin  may 
be  converteti  to  urea,  but  no  |>roof  has  l^een  furnished  as  yet  that 
the  body  can  accomplish   this  transformation.     CYeatin  given  in 


KIDNEV   AND  SKIN  AS    EXCRETORY   ORGANS. 


7W 


I 


* 


I 


the  food  ifl  eliminated  as  creatinin.  As  is  described  in  the  section 
on  Nutrition,  it  is  known  that  increasetJ  muscular  work  niay  or  may 
not  increase  the  nitrngen  oiitput  in  the  urine  aci-ordini;  to  the  diet 
used.  Several  observers  have  claimefl  that  muscular  activity  in- 
creases the  amtnuit  of  creatinin  in  the  urine.*  fmt  the  increase  is 
not  so  distinct  nor  so  invarialile  tfiat  one  may  c(nirlude  satisfactorily 
that  it  is  due  to  actual  increase  in  production  in  the  muscle.  Others 
state  that  the  increase  is  ol*ser\'aiile  only  after  excessive  muscular 
activity.  Koehf  lias  suggested,  on  account  of  the  methyl  groups 
present,  that  a  part  of  the  creatinin  may  arise  from  a  metabolism 
of  the  lecithin. 

Hippuric  Acid. — This  sul>stance  has  the  fomuila  C^HgNO,.  Its 
molecular  j^tnicture  is  known,  since  upon  decomposition  it  yielila 
benzoic  acid  an<l  glycocoll,  and,  jnoreover,  it  may  l>e  producevl  syn- 
thetically by  the  union  of  these  two  substances.  Hippuric  aci<t 
may  be  descril>ed.  therefore,  as  a  l>en2oyl-amido-acetic  acid  (CH,- 
NH[C^HaCU]C(XJH).  It  is  found  in  considerable  quantities  in  the 
urine  of  herbivorous  animals  {1.5  to  2.o  |>er  cent.),  and  in  much 
smaller  amounts  in  the  urine  of  man  and  of  the  carnivora.  In 
human  urine,  on  an  average  diet,  alx>ut  0.7  gm.  is  excreted  in  twenty- 
four  hours.  If  the  diet  is  lai^ely  vegetable,  this  amount  may  be 
much  increased.  Tliis  last  fact  is  readily  explained,  for  it  has  l>een 
found  that  if  benzoic  aciil  or  subsJances  containing  this  grouping 
are  fe^l  to  animals  they  ap|>ear  in  the  urine  as  hij>puric  acid.  Evi- 
dently a  8>'nthesis  occurs  in  the  l)odyT  and  Bungc  and  Schmie- 
debcrg  pn>ved  conchisively  that  in  dogs  the  union  of  l>enzoic  acid 
and  glycocoll  to  form  hippuric  acid  takes  place  in  the  kidney 
itself.  Later  it  was  discoveredj  that  the  same  synthesis  may  l>e 
effected  by  ground-up  kidney  tissue,  mixed  with  blood  and  kept 
under  ox>'gen  pressure.  It  seems  possible,  therefore,  that  the 
synthesis  is  due  t^)  s^>me  si)ecific  constituent  of  the  kidney  cells, 
possibly  an  enzyme.  \'egetable  fofnls  contain  l>enzoic  acid  com- 
pounds, and  we  can  understand,  thcrt^fore,  why  when  fed  they  in- 
crease the  hippuric  acid  output  of  the  urine,  ^^ince,  however,  in 
staning  animals  or  animals  fed  upon  meat  hippuric  acid  is  still 
present  in  the  urine,  although  re<iuce<l  in  amount,  it  is  e>*ident  that 
it  arises  in  part  as  a  result  of  the  body  metabolism.  It  should  be 
added  finally  that  some  of  the  hippuric  acid  may  be  derived  from 
the  process  of  pniteid  putrefactitjn  that  occurs  in  tiie  large  intestine. 

The  Conjugated  Sulphates  and  the  Sulphur  Excretion. — 
The  sulphur  excretion  of  the  urine  possesses  an  imjx»rtance  similar 


Zeitschrift  f.  physiol.  Cheniie,"  31.  98.  1900, 
Aiiierifaii  Jounml  of  Physioloey/'   13,  xix,   1905. 


♦  CJreicor, 
t 

]  Bash  ford  and  Cramer, 
1902. 


'Zeit»<hrift  r.  physiotog.  Cheniie,"  35,  334, 
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to  that  of  nitrogen.  Suljjhur  constitutes  an  element  in  most  of  tiie 
]>rutt4ils,  and  in  some  fonn.  therefore,  it  will  be  represented  in  the 
end-products  of  proteid  metabolism.  The  sulphur  eiiniination  in 
the  urine,  like  the  nitrogen  elimination,  has  been  taken  as  a  measure 
of  the  amount  nf  prf>teiii  destniotion.  In  the  urine  the  sulphur 
occurs  in  three  forms:  (1)  In  an  oxidized  fonn  as  inorganic  sulptiates. 
Some  of  the  sulphates  are  undoubtedly  derived  or  may  \je  derivetl 
from  the  mineral  sulphates  ingested  with  the  footi.  but  the  larger 
part  arises  from  the  oxidation  of  the  sulphur  of  the  proteids.  (2) 
The  so-called  conjugated  or  ethereal  siilphntes  are  combinations  be- 
tween sulpliuric  acid  ami  iniloxyl,  skatoxyl,  phenol,  ami  cresol.  ^ving 
us  phenolsulphuric  acid  (CdH^l JSOj<  >H),  cresoLmlphuric  acid  (G*Hy- 
()SO,OH),  in<lox\'l.suljihuric  acid  or  tndican  {CsHaN{)8(>,C)H).'and 
skatoxylsulphiiric  acid  (C^H^XOSO^OH),  The  indol,  skatol,  phe- 
nol, and  rresr^l  are  forme<l  in  the  large  intestine  as  a  result  of  l»ac- 
teriui  putrefaction.  I'hey  are  eliminated  in  part  in  the  feces,  but 
in  part  are  absorbe<l  into  the  blood,  and  after  oxidation  are 
conjup:ated  with  sulphuric  acid  and  eliminatetl  in  the  urine.  The 
prrx'c^s  of  conjupitir>n  is  valualilc  fmni  a  physiological  standpoint. 
as  it  converts  substances  having  an  injurious  action  into  harmless 
compounds.  It  shouhl  be  addetl,  also,  that  to  a  small  extent  the 
phenol,  indoxyl,  and  skatoxyl  may  be  secreted  in  the  urine  as  oon- 
jugat^tl  glucumnates, — that  is,  in  combination  with  glucuronic  acid 
(CeliioOy),  a  reducing  substance  closely  connecteil  with  dextrogse. 
From  a  nutritional  standpoint  the  amount  of  these  substances  pres- 
ent furnishes  a  measure  of  the  extent  of  proteid  putrefaction  in  the 
intestine,  by  virtue  of  the  indol  and  phenol  constituents.  AH  con- 
ditions that  incre:ise  the  putR'factive  processes  in  the  intestine 
are  accomi>unied  by  a  jianillcl  increase  in  the  ethereal  sulphates. 
By  \'irtue  of  the  sulphuric  acitl  component  these  Ixxlies  represent 
also  one  of  the  forms  in  which  sidphur  is  excreted  from  the 
body.  (3)  Some  of  tlie  siiljihur  in  the  urine  may  occur  in  uno.xid- 
ized  form  as  sulphncyanid  or  as  ethyl-sul{)hide  (Al>el)  ([C^HJ^S). 
Under  certain  patfiological  conditions  (cystinuria)  some  sulphur  may 
be  excreted  in  the  form  of  cystin,  but  this  is  not  a  normal  con- 
stituent of  the  urine.  For  other  most  interesting  and  significant 
changes  in  the  eomjwsitlon  of  the  urine  under  pathological  condi- 
tions reference  mtist  be  made  to  special  works  upon  the  urine  or 
ujxm  pathological  chetuistry. 

Water  and  Inorganic  Salts, — Water  is  lost  from  the  body 
through  three  main  channels, — namely,  the  lungs,  the  skin,  and 
the  kidney,  the  last  of  these  being  the  most  imj>ortant.  The  quan- 
tity of  water  lost  through  the  hmgs  probably  varies  within  small 
limits  only.  The  quantity  kist  through  the  sweat  varies,  of  course, 
with  the  temperature,  with  exercise,  etc.,  and  it  may  be  said  that 
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the  aniounta  of  \\'ater  secreted  through  kidne}-  and  skin  stand  in 
something  of  an  inverse  pni|xjrtioii  to  each  other;  that  is,  the  greater 
the  quantity  lost  through  the  skin,  the  less  will  i>e  secreted  hv  the 
kitlneys.  Through  these  three  orgaas,  hut  mainly  through  the 
kidneys,  the  blood  is  lieing  continually  depleted  of  water,  and  the 
loss  must  be  made  uf*  l.)\*  the  ingestion  r^f  new  water.  When  water 
is  swallowtnl  in  e\c{*ss  (he  suiktHuous  anioiuit  is  rapidly  elijuinateil 
through  the  ki(ine>'s.  The  amount  of  water  seerettni  may  l)e  in- 
creased by  the  aetion  of  tiiuretics,  sucli  as  j)otassium  nitrate  and 
cafTein. 

The  inorganic  salta  of  urine  consist  chiefly  of  the  rhlorids,  phoB- 
phates,  ami  sulphates  of  the  alkalies  and  the  alkaline  earths.  It 
may  be  said,  in  general,  that  they  arisf^  ]tartly  from  the  s;dt.^  ingested 
with  the  food,  which  siilts  are  eliminated  fn>ni  the  blood  by  the  ki<l- 
ney  in  the  water  secretion,  and  in  part  they  art*  fnnne^l  in  the  de- 
structive metalKilism  that  takes  place  in  the  body,  particularly 
that  involving  the  proteida  and  related  bodies,  fnulium  chlorid 
occurs  in  the  largest  (|uantities.  avemgiiig  alnnit  15  gms.  t^er  day, 
of  which  the  larger  part.  d<tul>tless.  is  derivcfl  (lire<'tly  from  the  siilt 
taken  in  the  food.  The  pho8j>hates  occur  in  conibination  with  cal- 
cium and  magnesium,  but  chiefly  as  the  acid  phosphates  of  sodium 
or  potassium.  The  acitl  reaction  of  the  urine  Ls  usually  attributed 
to  these  latter  substances.  The  j>hosphates  result  in  jwirt  from  the 
destruction  of  ]>hosphonis-containing  tissues  in  the  l)ody,  but 
chiefly  from  the  phosphates  of  the  food.  The  sulphates  of  urine 
are  found  jjartly  in  an  oxidize<l  form  as  simple  sulphates  or  con- 
jugatal  with  organic  com]x>untLs,  as  dcscrilnnl  al>nve. 

Micturition, — The  urine  is  secreted  coniinuously  by  the  kid- 
neys, is  carried  to  the  bladder  thnnigh  the  nivters,  and  is  then  at 
inten'als  finally  ejected  from  the  bla<ltler  through  the  urethra  by 
the  act  of  micturition. 

Mnr€nients  of  ihi^  Ureters. — The  ureters  possess  a  muscular  coat 
consisting  of  an  internal  longitudinal  and  external  circular  hyer. 
n^e  contractions  of  tliis  muscular  coat  are  the  means  by  which 
the  urine  i^  driven  from  the  pelvis  of  the  kidney  into  the  bladder. 
The  movements  of  (he  ureter  liave  been  carefully  studie<l  by  Engel- 
marm.*  According  to  his  description,  the  musculature  of  the  ureter 
contracts  spfintaneously  at  inten'als  of  ten  to  twcnt}'  seconds  (ral)- 
bit ) .  t  he  cont  met  ion  banning  at  the  kidney  and  progressing 
toward  the  bladder  in  the  form  of  a  peristaltic  wave  and  with  a 
velocity  of  about  20  to  30  mma,  per  second.  The  result  of  this 
movement  should  be  the  forcing  of  the  urine  into  the  bla^lder  in  a 
series  of  gentle,  rhythmical  spurts,  and  this  method  of  filling  the 


•  "  Pfliiger's  Arcliiv  f.  die  gesauunte  Physiotogie,  *'  2,  243, 1869,  and  4, 33. 
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bladder  has  been  obeen'ed  in  the  human  being.  Suter  and  Ma^er* 
report  some  observations  upon  a  boy  in  whom  there  was  ectopia 
of  the  bladder,  with  exposure  of  the  orifices  of  the  ureters.  The 
flow  into  the  Ijladder  was  inteniiittent  and  wa^  aljout  equal  upon  the 
two  sides  for  tlie  tinje  the  child  was  under  ol^eenation  (three  and 
a  half  days). 

The  causation  of  the  contractions  of  the  ureter  musculature  is 
not  easily  explained.  Engelxnnnn  tinds  that  artificial  stinuilalion 
of  the  ureter  or  of  a  piece  of  the  ureter  may  start  peristaltic  con- 
tractions which  move  in  Ijoth  directions  from  the  point  stimulated. 
He  was  not  able  to  find  ganglion  cells  in  the  upper  two-thirds  of  tlje 
ureter  and  was  led  to  l)elieve,  then.*fore,  that  the  c<jntracti<jn  orig- 
inates in  the  muscular  tissue  independently  of  extrinsic  or  intrinsic 
ner\'e8,  and  that  the  contraction  wave  propagates  itself  directly 
from  muscle  cell  to  muscle  cell,  the  entire  musculature  beliaving 
as  though  it  were  a  single,  colossal,  hollow  muscle  fiber.  The  liber- 
ation of  the  stimulus  which  inaugurates  the  nonnal  peristalsis 
of  the  ureter  seems  to  l>e  connected  with  the  accumulation  of  urine 
in  its  upper  or  kidney  portion.  It  may  be  supposed  that  the  urine 
that  collects  at  this  jjoint  as  it  flows  from  the  kidney  stimulates 
the  muscular  tissue  to  contraction,  either  by  its  pressure  or  in  some 
other  way,  and  thus  leads  to  an  onlerly  se*juence  of  contraction 
waves.  It  is  pxjssible,  however,  that  the  muscle  of  the  ureter,  like  that 
of  the  heart,  is  spontaneously  contractile  under  normal  conditions, 
and  does  not  dei)end  upon  the  stimulation  of  the  urine,  llius, 
acconling  to  F^ngelmann,  section  of  the  ureter  near  the  kidney  does 
not  materially  affect  the  nature  of  the  contractions  of  the  stump 
attached  to  the  ki<iney,  although  in  this  case  the  pressure  of  the 
urine  could  scarcely  act  as  a  stimulus.  Moreover,  in  the  case  of 
the  rat.  in  which  the  ureter  is  highly  contractile,  the  tul>e  may  be 
cut  into  several  pieces  and  each  piece  will  continue  to  exhibit  perioil- 
ical  peristaltic  contractions.  It  does  not  seem  possible  at  present 
to  decide  between  these  two  \iews  as  to  the  cause  of  the  contrac- 
tions. The  nature  of  the  contractions,  their  nnxle  of  progression, 
and  the  way  in  wliich  they  forr-e  the  urine  through  the  ureter  seem, 
however,  to  be  cleurly  established.  Efforts  to  show  a  regulator}' 
action  upon  these  movement*  through  the  central  ner\*ous  system 
have  so  far  given  negative  results. 

Moi'enic9ils  of  0\e  Bladder, — The  bladder  contains  a  muscular  coat 
of  plain  muscle  tissue,  which,  acconlin^  to  the  usual  descrii)tion, 
is  arranged  so  as  to  make  on  external  longitudinal  coat  and  an 
internal  circular  or  oblique  coat.  A  ihin,  longitudinal  layer  of 
muscle  tissue  lying  to  the  interior  of  the  circular  coat  is  also  tie- 
scribed.  The  sepamtion  l>etween  the  longitudinal  and  circular 
♦"Archiv  f.  cxper.  Pathologie  uiid  PUarmakologie/'  32,  241,  1S03. 
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layere  is  not  so  definite  as  in  the  case  of  the  intestine;  they  seem, 
in  fact,  to  fonn  a  ct>ntintioii.s  layer,  one  jja&sing  praiiualh*  into  the 
other  by  a  cliange  in  tlie  direction  of  the  hK>er8.  At  the  cer\'Lx  the 
cixcidar  layer  is  strengthened,  and  has  been  supposed  to  act  as  a 
sphincter  with  regani  U)  the  urethral  orifice — the  80-calle<l  sphinc- 
ter vesica*  intenius.  Arounij  the  urethra  just  outside  rhe  Mad- 
der is  a  circular  layer  (^f  strititetl  niut^rle  that  is  frequently  dosig- 
Duted  as  the  external  sphincter  or  .sphincter  uretlme-  'j'he  urine 
brought  into  the  bladder  accuinuJates  within  its  cavity  to  a  certain 
limit.  It  Is  prevent*^!  fmni  escaping  thnnigh  the  urethra  at  first 
by  the  mere  eliisticity  *jf  the  i>arts  at  the  urethrai  orifice,  aidetl  per- 
haps by  tonic  contraction  of  the  internal  sphincter,  although  this 
function  of  the  circular  layer  Ls  disputetl  by  some  obsen'ers.  When 
the  accunuilation  ftecoines  greater  the  external  sphincter  is  brought 
into  action.  If  the  desire  t(j  urinate  is  strong  the  external  sphincter 
seems  undoul>te<lly  to  l>e  contnjiled  by  voluntary  effort,  but  whether 
or  not,  in  nuMierate  filling  of  the  bladder,  it  is  brought  into  play 
by  an  involuntary  reflex  is  not  definitely  detenuineil.  Backflow 
of  ijrine  fruni  the  bladder  into  the  ureters  is  effectually  preventetl 
by  the  obhf|ue  course  of  the  ureters  through  the  wall  of  the  blad- 
der. U\sing  to  this  rirctuustance,  jiressurc  within  the  blatider 
8er\'e8  to  close  the  moutlLs  of  the  ureters,  and.  indeed,  the  more 
completely,  the  higher  the  [pressure.  At  some  point  in  the  filling 
of  the  bladder  the  pressure  is  sutticient  to  arouse  a  conscious  sen- 
sation of  fullness  and  a  kIvsw  to  nucturate,  Under  normal  condi- 
tions the  act  of  micturition  follows.  It  consists  essentially  in  a 
strong  contraction  of  the  bladder,  with  a  simultuneous  rela?aition 
of  the  external  sphincter,  if  this  musi-le  is  in  action,  the  effect  of 
which  Ls  to  ol>litenite  more  or  h*ss  conii»letely  the  cavity  of  the  blad- 
der and  drive  the  urine  out  thruugii  the  urethra. 

The  force  c»f  this  contraction  is  coiLsidentble.  as  is  evitlenced  by 
the  height  to  which  the  urine  may  spurt  from  the  end  of  the  urethra. 
According  to  Mosso,  the  contraction  may  supjiort,  in  the  dog,  a 
colunm  of  liquid  two  meters  high.  The  contractions  of  the  blad- 
der may  be  and  usually  are  assisted  by  contractions  of  the  walls 
of  the  abdomen,  esj)ecially  towanl  the  end  of  the  act.  As  in  defeca- 
tion and  vomiting,  the  contraction  of  the  aklominal  muscles,  when 
the  glottis  Ls  cIost»d  so  as  to  keep  the  diaphragm  fixed.  ser\'es  to  in- 
creaae  the  pressure  in  the  abdominal  and  jtelvic  canities,  and  thua 
aBBista  in  or  conipletes  the  emptying  of  the  bladder.  It  is, 
however,  not  an  essential  part,  of  the  act  of  micturition.  The  last 
portions  of  the  urine  escajMng  into  the  urethra  are  ejected,  in  the 
male,  in  spurt.s  protiucefl  by  the  rhythmical  contractions  of  the 
buU)4">cavemosu3  muscle. 

Considerable  imcertainty  and  difference  of  opinion  exists  as  to 
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the  physiological  mechanism  by  which  this  series  of  muscular  con- 
tractions, and  especially  the  contractions  of  the  bladder  itself,  are 
produced.  Accunling  to  tho  frwiuently  quoted  description  given 
by  Gultz,*  the  series  of  events  is  as  follows;  The  distention  of  the 
blailder  by  the  urine  causes  finally  a  stimulation  of  the  sensory 
tiljers  of  the  organ  and  produces  a  reflex  contraction  of  the  blad- 
der nuisculature  which  s<|ueezes  some  urine  into  the  urethra.  The 
first  drops,  however,  that  enter  the  urethra  stimulate  the  sensory 
nerves  there  and  give  rise  to  a  coa«*c!ous  desire  to  urinate.  If  no 
obstacle  is  presented  the  bladder  then  empties  itself,  assiste<l  jier- 
haps  by  the  contractions  of  the  abdominal  nniscles.  The  emptying 
of  the  blathier  may,  however,  be  prevented,  if  desirable,  by  a  volun- 
tary contraction  of  the  sphincter  luietlme,  which  opposes  the  effect 
of  the  contraction  of  the  blatlder.  If  the  bladder  is  not  too  full 
and  the  sphincter  is  kept  in  action  for  some  time,  the  contractions 
of  the  bladder  may  cease  and  the  desire  to  micturate  pass  off.  Ac- 
cording to  this  view,  the  voluntar>'  contml  of  the  process  is  Limited 
to  the  action  of  the  external  sphincter  and  the  abdominal  muscles; 
the  contraction  of  the  bladder  itself  is  purely  an  unconscious  reflex 
taking  place  thnnigh  a  lumbar  center. 

The  c\i»eriments  of  (lolt/,  an<l  ijthers,  U]X>n  dogs  in  which  the 
spinal  cord  Wiis  sevenni  at  ttie  junction  of  the  lumbar  and  the  tho- 
racic regions,  indicate  that  mictimtion  is  essentially  a  reflex  act, 
v^ith  its  center  in  the  limibar  cord,  although  the  same  observer  has 
shown  that  in  dogs  whose  spinal  cord  has  been  entirely  df^t  n>ye<l, 
except  in  the  cer\'ical  and  ujjj^er  thoracic  region,  the  bladder  emp- 
ties itself  normally  without  the  aid  of  external  stimulation.  Mosso 
and  Pellacanif  have  made  exjx'riments  upon  women  in  which  a 
catheter  was  introduced  into  the  bladder  and  connected  \N*ith  a  reeonl- 
ing  apparatus  to  measure  the  vohune  of  the  bladder.  Their  ex- 
periments intlicate  that  the  sensation  of  fullness  and  desire  to 
micturate  come  from  sensory  stinmlation  in  the  bladder  itself 
caused  by  the  pressure  of  the  urine.  They  point  out  that  the 
bladder  is  ven.^  sensitive  to  reflex  stimulation;  that  ever\*  psychical 
act  and  ever>'  seiusori'  stinmlus  is  apt  to  cause  a  contraction  or  ij>- 
ereased  tone  of  the  bladder.  The  bladder  is  therefore  subject  to 
continual  changes  in  size  from  reflex  stimulation,  and  the  pressure 
within  it  will  defx-nd  not  simply  on  the  quantity  of  urine,  hut  on 
the  condition  of  tone  of  its  muscles.  At  a  certain  pressure  the 
sensory  nerves  are  stimulate^l  and  under  normal  conditions  mictu- 
rition ensues.  We  may  understand,  from  this  point  of  \iew,  how  it 
l\apj)ens  that  we  have  sometimes  a  strong  desire  to  micturate  when 
tJie  bladder  contams  but  little  urine. — for  example,  imder  emotional 

♦  "  Archiv  f.  die  jresammt*  Physiologie,  *'  8.  478,  1874. 
t  ".Archives  italiennes   de  biologie/' 1,  1882. 
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excitement.  In  such  cases  if  the  micturition  is  prevented,  probably 
by  the  action  of  the  external  sphincter,  the  liladtlcr  may  sul>- 
aequently  relax  and  the  tsensation  of  fullness  ami  desire  to  micturate 
pass  away  until  the  urine  accumulates  in  sufficient  quantity,  or  the 
pressure  is  a^ain  raised  by  some  circumstance  which  causes  a  refiex 
contraction  of  the  bladder. 

XtTiims  Mt'duinisnt. — Acconlinf;  to  I>anp;ley  and  Anderson,*  the 
bladder  in  cats,  dogs,  and  rabbits  receives  motor  fibers  from  two 
sources:  (I)  From  the  lunibur  nerve-s.  the  fibers  jwissinK  out  in  the 
second  to  the  fifth  lumbar  ner\'eK  and  rearhinj^  the  bladder  through 
the  symf)athetic  chain  and  the  inferior  mesenteric  jL!;an^lion  and 
hy(»oga.stric  nen'es.  Stimulation  of  these  ner\'es  causes  compara- 
tively feeble  contraction  of  the  bladder.  ( 2)  Fnim  the  sacral 
spinal  ner\*es,  the  fibers  origiuiitin^  in  the  second  and  third  sacral 
spinal  nerves,  or  in  the  rabbit  in  the  tlunl  and  fourth,  and  takinti  their 
course  through  the  so-calleil  nen-iis  erigeas.  Sti^Hdat!r^n  of  ihe»e 
ner\'C8.  or  some  of  them,  causes  stn>ng  contnictirfas  of  the  blad- 
der, sufficient  to  empty  its  contents.  Little  evidence  was  obtained 
of  the  presence  f>f  vasomotor  fibers.  Acr-onling  1o  XawTocki  and 
Skabitschewsky.t  the  s|>inal  sen^nn*  fil>en^  to  the  bladder  ar<*  found 
in  part  in  the  ix)8terior  njots  of  the  first,  second,  third,  and  fourth 
sacral  spinal  nerves,  particularly  the  set^ond  and  third,  When  these 
Bbers  are  stimulated  they  excite  reflexly  the  motor  fillers  to  the 
bladder  found  in  the  anterior  n>ots  of  the  seconrl  and  third  sacral 
spinal  nerves.  Some  sensor\'  filjers  to  the  l>ladder  may  pass  by 
way  of  the  hyiK>gastric  nerves.  When  the  central  stump  of  one 
hypogastric  ner\'e  is  stimulated  it  produces,  acconling  to  these 
authors,  a  reflex  effei't  ujkih  the  motiir  fibers  in  the  other  hy|x>- 
g&stric  nerve,  causing  a  rontmrtion  of  the  blailder,  the  reflex  oc- 
curring through  the  inferior  mesenteric  ganglion.  This  ol^sen'a- 
tion  has  l>een  confirnuHl  by  several  authorities,  but  has  l>een  ex- 
plained b>'  I-angley  and  Anderson  as  a  ])seudorefiex  or  axon  reflex 
(see  p.  142). 

The  inune<liate  spinal  center  through  which  the  contractions 
of  the  bladder  may  Ik?  reflexly  stimuhite<l  or  inhibited  lies,  accord- 
ing to  the  experiments  of  (ioltz.  in  the  lumbar  jx>rtion  of  the  cord, 
probably  l>etween  the  second  and  fifth  lumlmr  spinal  nerx'es.  In 
docs  in  which  this  rK>rtion  of  the  cord  was  isolated  by  a  cross-section 
at  the  junction  of  the  thoracic  and  lumbar  regions,  mictiuition  still 
ensued  when  the  bladder  was  sufficiently  full,  and  it  could  be  calletl 
forth  reflexly  by  sensor}'  stinuili.  e«i>ecially  by  slight  irritation  of 
the  anal  region.     This  localization  has  been  confirmed  by  others. J 

•*•  Journal  of  Pbvsiology,"   19,  71,   1895. 

fArchiv  f.  die  fjesammte  Rivsiologie. '*  40.  141,  IR91. 

t  Soe  Stewart,  ".\mcrican  Journal  of  Ph>-j*iolog>-, "  2,  182,  1899. 


766 


PHTSIOLOGT'  or   DIGESTION   AXD  SECRETION. 


Excretory  Functions  of  the  Skin, — The  physiological  actixi- 
ties  of  the  skin  art*  varied.  It  fnnns.  in  the  first  place,  a  sensory 
surface  roveriiig  the  l>ody,  and  interpijsed.  as  it  were,  between  the 
external  \vi»rld  antl  the  inner  ritechanisni.  Nen'e  fibers  of  pressure, 
temperature,  and  pain  are  distrii>uted  over  its  surface,  and  by  means 
of  these  fibers  refle\ci>  of  various  kinds  are  effected  which  keep  the 
body  adapted  to  changes  in  its  environjnent.  The  physiolog>'  of 
the  skin  fmni  tliis  staadfjtant  is  discusseci  in  the  section  on  s|jecial 
senses.  Again,  the  skin  plays  a  |>art  uf  iniineiise  value  t«  the  iKxJy 
in  regulating  tlie  lx)dy  teuij)erature.  This  regulation,  which  is 
efTectoti  by  variations  in  the  blood  supply  or  the  sweat  secretion, 
is  descril>ed  at  ajjjjropriate  places  in  the  sections  on  Nutrition  and 
Circulation.  In  the  female,  during  the  jx^riod  of  lactAtion,  the  niani- 
mary  glands,  which  must  be  reckoned  among  the  organs  of  the 
skin,  form  an  uniM.)rtant  secretion,  the  milk;  the  physiologj*  <»f  this 
gland  is  referrct!  to  in  the  section  on  Repnxluction.  In  this  section 
we  are  concerned  with  the  physiology-  of  the  skin  from  a  ilifTerent 
standpoint, — namely,  iis  an  excretory  organ.  The  excretions  of 
the  skin  are  formed  in  the  sweat-glantls  and  the  sebaceous  glands. 

Sweat. — The  sweat  or  [xrsjjiration  is  a  se<;retion  of  the  sweat 
glands.  Tiiese  latter  structures  arc  found  over  the  entire  cutaneous 
surface  except  in  the  deejjer  jwrtions  of  the  external  auditors*  meatus, 
the  prepuce,  and  the  glans  penis.  They  are  jjarticularly  abumiant 
upon  the  (jalms  of  the  hands  and  the  soles  of  the  feet.  Krause 
estimates  that  their  totiil  numlter  for  the  whole  cutaneous  surface 
is  alHHit  two  millions.  In  man  they  are  fomietl  on  the  ty|je  of 
simple  tubular  glands;  the  terminal  portion  contains  the  secretory 
cells,  and  at  this  i^art  the  tul>e  is  usually  coiled  to  make  a  more  or 
less  compact  knot,  thus  incre^ising  the  extent  of  the  secreting  sttr- 
face.  The  larger  ihicts  have  a  thin,  rnuscidar  coat  of  involiintAr>' 
tissue  that  juay  possibly  l>e  concerned  in  the  ejection  of  the  secre- 
tion. The  secretory  cells  in  the  temunal  portion  are  columnar  in 
shape^  possess  a  granular  cytoplasm,  and  are  arranged  in  a  single 
layer.  The  amount  of  secretion  formed  by  these  glands  varies 
greatly,  i»eing  influenced  hy  the  condition  of  the  atmosphere  as  re- 
gards temperature  and  moisture,  as  well  as  by  various  physic-al  and 
psychical  states,  such  as  exercise  and  emotions.  The  average  quan- 
tity for  twxnty-four  hours  is  said  to  var\'  l^etween  7(K)  and  IWK)  gnis., 
although  this  amount  may  be  doubled  under  certain  conditions. 

According  to  an  interesting  paper  ^>y  Schierl>eck,*  the.  average 
quantity  of  sweat  in  twenty-four  houre  may  amount  to  2  to  3  liters 
in  a  person  clothed,  and  therefore  with  an  average  temperature 
of  32®  C.  surrounding  the  skin.     This  author  states  that  the  ajnount 

♦".\rchiv  f.  I'hvsiolope."  1893.  116;  see  abo  Willebrtmd,  "Skandi- 
naviflches  Archiv  f.   Physiologic,"   13,  337,   1002. 
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cf  wreat  given  oflf  from  the  skin  in  the  fonn  of  inscnsil)le  perspira- 
tion incrwiscs  projx>rtinnat<*ly  with  the  teiiij»erfttuiv  iinti!  &  certain 
critiru.1  point  is  reat-heil  (alwut  33°  i\  in  the  person  investigated), 
when  there  is  a  marked  increase  in  the  water  ehniinatod,  the  in- 
crease being  simultaneous  with  the  fomiatitm  of  visible  sweat.  At 
the  same  (Line  tliere  is  a  smklen  incre^ise  in  ttie  O  K  elLiiiiiiatctl  from 
the  skin.  It  is  |H)8sii)le  that  the  sudden  itierea^  in  n)2is  an  in- 
dication of  gi-eater  metal nilLsni  in  tlie  sweat  glands  in  connection 
with  the  formation  of  visible  sweat. 

ConipoftUion  of  the  Secrctton. — The  preoif^  chemical  composition 
of  sweat  hi  diilicult  to  deleniiirie.  owiii^  to  tlie  fact  that  as  usually 
obtainetl  it  is  liable  to  l>e  mixed  with  the  sei)aceous  secretion.  Nor- 
mally it  is  a  ver>*  thin  secretiiin  of  low  s]>ecifie  gravity  (1.0(H)  and 
an  alkaline  reaction,  although  when  first  secreted  the  reaction  may 
be  acid  owing  to  atlmixtiire  with  the  sebaceous  niateriaL  The 
larger  part  of  the  inorganic  salts  consist^s  of  s«Kliuni  cliloritL  Small 
quantities  of  the  alkaline  sulphates  and  pliosphates  are  also  pres- 
ent. The  organic  constituents,  though  present  in  mere  traces*  are 
quite  varie<l  in  numl^er.  I'rea,  uric  acid,  creatinin.  annnatic  oxy- 
acids,  ethereal  sulphates  of  phenol  and  skatoi,  ami  albumin,  are 
said  to  occur  when  the  sweating  is  profuse.  Argutinsky  hu.^  shown 
that  after  the  action  of  vafx>r  baths,  anti  as  the  result  of  muscular 
work,  the  amoimt  of  urea  eliminatetl  in  this  secretion  may  l>e  con- 
siderable. Under  path(Wogical  comlitions  involving  a  tliminished 
elimination  of  urea  thmuph  the  kidneys  it  ha^  been  observe<l  that 
the  aniount  foiui4i  in  the  sweat  is  markedly  increased,  so  that  crys- 
tals of  it  may  l>e  deposited  upon  the  skin.  Under  perfectly  nor- 
mal cfjnditions.  however,  it  Ls  obvious  that  the  f>rganic  constituents 
are  of  minor  importance.  The  main  fact  to  be  consiilered  in  the 
secretion  of  sweat  is  the  formation  of  water. 

Secretory  Fibers  to  the  Sweat  Glands.— Definite  exi)erimental 
proof  of  the  existence  of  sweat  ner^'es  was  first  obtained  by  Cloltz* 
in  some  exfx»riments  ujxni  stimulation  of  the  sciatic  ner\e  in  cats. 
In  the  cat  and  df)^.  in  which  sweat  glands  occur  on  tlie  balls  of  the 
feet,  the  presence  of  sweat  nen^es  may  l>e  <  lemons  I  rate<l  with  great 
ease.  Electrical  .stinndation  of  the  [)eripheral  end  of  the  divided 
sciatic  ner%'e,  if  sufficiently  strong,  will  cause  visiiile  drops  of  sweat 
to  form  on  the  hairless  skin  of  the  balls  of  the  feet.  When  the 
electrodes  are  kejit  at  the  same  sjKjt  on  the  nerve  and  the  stinmla- 
tion  is  maintaine<i  the  secretion  soon  ceases;  but  this  effect  seems 
to  be  due  to  a  temiv>mn*  inj^in'  of  some  kind  to  the  nerx'e  fibers 
at  the  point  of  stimulation,  and  not  to  a  genuine  fatigue  of  the 
sweat  glands  or  the  sweat  fil>ers,  since  moving  the  electrodes  to  a 
new  point  on  the  ner^'e  farther  toward  the  peripherj'  calls  forth  a 
•"Archiv  f.  die  gesammte  Physiologie, "  11,  71,  1875. 
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new'  secretion.  The  secretion  so  formed  is  thin  and  limpid,  and  has 
a  marked  alkaline  reaction.  The  anatomical  course  of  these  fillers 
has  been  worked  out  in  the  cat  with  great  care  hv  lAngiey.*  He 
finds  that  for  the  hind  feet  they  leave  the  spinal  coni  chiefly  in  tlie 
first  and  second  luiabar  nerves,  enter  the  sympathetic  chain,  and 
emerge  from  this  as  postganglionic  fibers  in  the  gray  rami,  pro<*eed- 
ing  from  the  sixth  hmil>ar  to  Llie  second  siw^ral  ganglion,  but  chiefly 
in  the  seventh  lunihar  and  first  sacral,  and  then  join  the  ner\'es5  of 
the  sciatic  plexus.  For  the  forefeet  the  fibers  lea\e  the  spinal  cord 
in  the  fourth  to  the  tenth  thoracic  ner\es»  enter  tlie  syni|>athetic 
chain,  pass  upward  to  the  first  thoracic  ganglion,  whence  they  are 
continued  as  pft.stganglifuiic  fillers  that  pass  out  of  this  gangUon  by 
the  gray  rami  conununicating  with  the  nerves  forming  the  brachial 
plexus.  The  action  of  the  uer\'e  fibers  upon  the  sweat  glands  can 
not  be  explained  as  an  indirect  effect, — for  instance,  as  a  result  of 
a  variation  in  the  blood-fiow.  Experiments  have  repeatedly  shown 
that,  in  the  cat.  stinuilation  of  the  sciatic  still  calls  fortii  a  secre- 
tion after  the  ijluod  has  been  shut  off  from  the  leg  by  ligation  of 
the  aorta,  or  indeetl  after  the  leg  has  been  amputated  for  as  long 
as  twenty  minutes.  St)  in  human  beings  it  us  known  that  profuse 
sweating  may  often  accompany  a  pallid  skin,  as  in  terror  or 
nausea,  while,  on  the  other  haml.  the  flushed  skin  of  fever  is  char- 
acterized by  the  al)sence  of  perspiration.  There  seems  to  be  no 
doubt  that  the  sweat  ner\'es  are  genuine  secretor}'  fil>ers,  causing 
a  secretion  in  con.se<iuence  of  a  direct  action  on  the  cells  of  the  sweat 
glands.  In  accordance  with  xhb  physiological  fact  histological 
work  luis  deuionst rated  that  special  nerve  fibers  are  supi)lieii  to 
the  glanrlular  epithelinni.  According  to  Amstein,  the  terminal 
fit>ers  form  a  small,  branching,  varicose  ending  in  contact  with  the 
epithelial  cells.  I'he  sweat  gland  may  l>e  made  to  secrete  in  many 
wa_y5  (»ther  than  by  direct  artificial  excitation  of  the  sweat  fibers, — 
for  ejcample,  by  external  heat,  dyspnea,  muscular  exercise,  strong 
emotions,  and  by  the  action  of  various  drugs,  such  as  pilocaqjin, 
muscarin,  str\'ehnin,  nicotin,  plcrotoxin,  and  physostigmin.  In  all 
such  cases  the  effect  is  suppose^l  to  result  from  an  action  on  the 
sweat  fibers,  either  directly  on  their  terminations  or  indirectly  upon 
their  cells  of  origin  in  the  central  nervous  system.  In  ordinary 
life  the  usual  cause  of  profuse  sweating  is  a  high  external  tem|>er- 
ature  or  muscular  exercise.  With  regard  to  the  h»nner  it  is  knoini 
that  the  high  tenif>erature  does  not  excite  the  sweat  glands  im- 
mediately, but  through  the  inter\'ention  of  the  central  ner\'oiis 
8}'stem.  If  the  nen'es  going  to  a  limb  be  cut,  exposure  of  that 
limb  to  a  high  temperature  does  not  cause  a  secretion,  showing 
that  the  temperature  change  alone  is  not  sufficient  to  excite  the 
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gland  or  its  terminal  nerve  fibers.  We  must  suppose,  therefore, 
I  hat  the  high  temperature  acts  ufx>n  the  sensory  cutaneous  ner\'es/ 
possibly  the  heat  fibers,  and  refiexly  stimulates  the  sweat  filjers. 
Although  external  tejuperalure  does  nut  directly  excite  the  glands. 
it  should  l>e  stated  that  it  affects  their  irritability  either  by  direct 
action  on  the  gland  cells  or  upon  the  terminal  ner\'e  fil>er3.  At  a 
sufficiently  low  temperature  the  cat's  paw  does  not  secrete  at  all. 
and  the  irritability  <if  the  glands  Is  increased  by  a  rise  of  temper- 
ature up  to  about  45^  C. 

Dyspnea,  muscular  exercise,  emotions,  and  man}'  drugs  affect 
the  secretion,  probably  by  action  on  the  nerve  centers.  Pilocarpin, 
on  the  contrary,  is  known  to  stimulate  the  endings  of  the  nerve 
til>er8  in  the  glands,  while  atropin  ha^^  the  ojjjjosite  effect,  com- 
pletely paralyzing  the  secretor>-  fil>ers. 

Sweat  Centers  in  the  Central  Nervous  System. — The  fact  that 
aecretion  of  sweat  may  l^e  occasioned  by  stimulation  of  afferent 
oerves  or  by  direct  action  ujx»n  the  central  ner\*ou8  system,  as  in 
the  caee  of  dyspnea.  unpUes  the  existence  of  physiological  centers 
controiling  the  8ecretor\'  fillers.  The  precise  location  of  the  sweat 
center  or  centers  ha.s  not,  however,  l^oen  satisfactorily  determined. 
Histologically  and  anatomically  the  arrangement  of  the  sweat 
fil)ers  resembles  tliat  of  the  va8*)constrictor  fillers,  and.  reasoning 
from  analogA',  one  might  supix>se  the  existence  of  a  general  sweat 
center  in  the  medulla  conijiarable  to  the  vasoconstrictor  center, 
but  [xwitive  evidence  of  the  existence  of  such  an  arrangement  is 
lacking.  It  has  been  shown  that  when  the  meilulla  Ls  separated 
from  the  cord  by  a  section  in  the  cervical  or  thoracic  region  the 
action  of  dj-Bpnea,  or  of  various  sudorific  drugs  supposed  to  act  on 
the  central  nervous  s\'stem.  may  still  cause  a  secrretion.  On  the 
evidence  of  results  of  this  character  it  is  a.ssimietl  that  there  are  spinal 
sweat  centers;  but  whether  these  are  few^  in  nimi!>er  or  represent 
simply  the  various  nuclei  of  origin  of  the  fibers  to  different  regions 
is  not  definitely  known.  It  is  jxissible  that  in  adtlition  to  the«e 
spinal  centers  there  is  a  general  regulating  center  in  the  medulla. 

Sebaceous  Secretion. — The  selmceous  glands  are  simple  or 
compound  alve< »lar  glands  found  over  the  cutaneous  surface,  usually 
in  aissociation  with  the  hairs,  although  in  some  cases  they  occur 
aeparately,  as.  for  instance,  on  the  prepuce  and  glans  penis,  ami 
on  the  lips.  AVhen  they  occur  with  the  hairs  the  short  duct  opens 
into  the  hair  follicle.  S4>  that  the  secretion  is  ])assed  out  upon  the 
hair  near  the  [)oint  ul  wliich  it  (irojects  from  the  akin.  The  alveoh  are 
fdled  with  cuboidal  or  polygonal  epithelial  cells,  which  are  arranged 
in  several  layers.  Those  nearest  the  lumen  of  the  gland  are  filled 
with  fatty  material.  These  cells  arc  supi)osetl  to  be  cast  off  Ixxlily, 
their  drtritus  going  to  form  the  secretion.  New  cells  are  formed 
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from  the  layer  nearest  the  basement  membrane,  and  thus  the  glands 
continue  tt»  produce  a  slow  bnt  rontinuous  secretion.  Tlie  sebaceous 
secretion,  or  selium,  is  an  oily,  semiliquid  material  that  sets,  upon 
exposure  to  the  air,  to  a  cheesy  mass,  as  is  seen  in  the  comedones 
or  pimples  which  so  frecjuently  occur  upon  the  skin  from  occlusion 
of  the  ojiening  of  the  ducts.  The  exact  composition  of  the  secretion 
is  not  known.  It  contains  fats  and  soaps,  some  cholesterin,  albu- 
minous material  (jiart  t>f  which  is  a  nucieo-albumin  often  descril>ed 
as  a  casein),  remnants  of  epithelial  cells,  and  inoiTganic  salts.  The 
cholesterin  occurs  in  coml)ination  with  a  fatty  acid.  an<l  is  found  in 
especiiilly  large  iniantities  in  shpep\s  wool,  from  which  it  is  extracted! 
and  useti  commercially  uniler  the  name  of  lanolin.  The  sebaceous 
secretion  from  different  places,  or  in  different  animals,  is  probably 
somewhat  variable  in  composition  as  well  as  in  quantity.  The 
secretion  of  the  prepuce  is  known  as  the  srnegmn  prapiUii:  that  of 
the  exteniai  au<liu»ry  meatus,  mLxed  with  the  secretion  of  the  neigh- 
boring sweat  glands  or  eeruminous  glands,  forms  the  well-known 
eanvax  or  cerumen.  The  secretion  in  this  place  contains  a  re<ldidh 
pigment  of  a  bitt<*rish-sweet  taste,  the  composition  of  which  has 
not  been  investigatetl.  Upon  the  skin  of  the  newly  bom  the  se- 
baceous material  is  acciuiudatc<l  to  form  the  nTnix  cftscosa.  The 
well-known  uropygal  gland  of  birds  Is  homologous  with  the  mani- 
malifin  sebaceous  glantis,  an^l  its  secretion  has  l>een  obtainetl  in 
sulticient  quantities  for  chemical  analysis.  Physiologically  it  is 
belicve<l  that  the  seljaceous  secrc*tion  affords  a  pnitection  to  the 
skill  wid  haini.  Its  oily  character  doubtless  sen*es  to  protect  the 
hairs  from  becoming  too  brittle,  or,  on  the  other  hand,  from  being 
too  easily  satiuTited  with  external  moisture.  In  this  way  it  prob- 
ably aids  in  making  the  Imiry  coat  a  more  perfect  protection  against 
the  effect  of  external  rhanges  of  temperature.  Upon  the  surface  of 
the  skin.  also,  it  forms  a  thin,  protective  la>*er  that  tends  to  prevent 
undue  loss  of  heat  from  evapomtion,  and  possibly  is  imfx>rtant  in 
other  ways  in  maintaining  the  physiological  integrity  of  the  external 
surface. 

Excretion  of  COj.-  In  some  of  the  lower  animals — the  frog, 
for  example — the  skin  takes  an  important  part  in  the  respiratory 
exchanges,  eliminating  CC)j  and  absorbing  O.  In  man,  and  pre- 
simiably  in  the  marmnalia  generally,  it  has  been  ascertained  that 
changes  of  this  kind  are  ver>*  slight.  Estimates  of  the  amount  of 
CX3,  given  off  from  the  skin  of  man  during  twenty-four  hours  var>' 
greatly,  but  the  amount  is  small,  about  7  to  S  gnm.  in  twenty-four 
hours,  unless  there  is  marked  sweating,  in  which  case  the  amount  is 
noticeably  increased. 
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SECRETION    OF   THE    DUCTLESS    GLANDS-INTERNAL 

SECRETION. 

The  term  "interna]  scerctmn"  is  usc<l  to  designate  those  secre- 
tions of  glandular  tissues  which,  instea<l  of  being  carried  off  to  the 
exterior  by  a  duct,  are  eliminated  in  the  blood  or  l>Tnph.  The  idea 
that  secreton*  products  may  l>e  given  off  in  tliis  way  has  long  been 
held  in  reference  to  tlie  ductless  glands,  such  as  the  thyroid,  pitui- 
tar>'  IkhIv,  etc.,  the  absence  of  a  duct  suggesting  tiatunilly  such  a 
possibility.  The  temi,  however,  seems  to  have  been  emjjloyed 
fipBt  by  Claude  Benianl,  who  ejuphasized  the  distinction  l>etween 
the  onlinar>'  secretions,  or  external  secret itms,  and  this  gn>up  of 
internal  i*ecretions.  Moilem  interest  in  the  latter  \s  due  largely  to 
work  done  by  Brown-S^cpianl  (1K89)  upon  tCvSticular  extraot^i,  work 
which  itself  was  of  doubtful  value.  This  author  was  led  to  amplify 
the  conception  of  an  iiitjemal  s(?cretion  by  the  assumption  that  ail 
tissues  give  off  a  .something  to  the  blwKl  which  is  charucteristic, 
and  is  of  importance  in  general  nutrition.  This  idea  led  in  turn  to 
a  revival  of  some  okl  notions  regarding  the  treatment  of  iliseases 
of  the  different  organs  by  extracts  of  the  correspcniding  tissue, 
a  theraj>eutical  method  usually  designated  as  opothcntpi/,  Brown- 
SApiani's  extension  of  the  idea  of  internal  secretitiii  has  not  l)een 
justified  by  subse<iuent  work,  and  to-vlay  we  must  limit  the  term 
to  definitely  glandular  tissues.  Experience  has  shown,  however, 
that  not  «mly  the  ductless  glands,  but  some  at  least  of  the  tyjjical 
glands  provided  with  duets  may  give  rise  to  internal  secrtttions, 
the  pancreas,  for  example,  or  the  liver.  In  some  of  the  fiuctiess 
glands,  on  the  contnir\%  the  existence  or  non-existence  of  an  internal 
secretion  is  still  an  open  question.  The  work  done  since  1889  lias, 
however^  demonstrate*!  fully  that  some  rjf  flic  ductless  glanils  play 
a  role  of  the  ver>*  greatest  iiiiiTortance  in  genemi  nutrition,  and  this 
knowledge  has  prove<l  useful  in  widening  nur  conception  of  the 
nutritional  relations  in  the  organism  ami  l>esides  has  found  a  valuable 
application  in  practical  jnedicine. 

Liver. — We  do  not  usually  regard  the  liver  as  furnishing  an 
internal  secretion.  As  a  matter  of  fact,  it  does  form  two  products 
within  its  cells. — glycogen  (sugar)  and  urea,  which  aresubse^piently 
given  off  t/i  the  ]>lfMMl  for  purposes  of  general  nutrition  or  for  elim- 
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ination.  The  processes  in  this  case  fall  under  the  general  defini- 
tion of  intemul  secretion,  and.  in  fact,  nmy  be  used  to  illustrate 
specifically  the  meaning  of  this  term.  The  history*  of  glycogen  and 
urea  has  been  considered. 

Internal  Secretion  of  the  Thyroid  Tissues. — ^The  most  im- 
portant and  definite  outconte  of  the  work  on  internal  secretions  has 
been  obtained  with  the  thyroids.  Recent  experuneutal  work  on 
this  organ  makes  it  necessar}'  for  us  now  to  distinguish  l:)etween  the 
thyroid  antl  tlie  j>aratliyroid  tissues.  The  thyroids  projx*r  form 
two  oval  bodies  lying  on  the  sides  of  the  trachea  at  it*s  junction  with 
the  larynx.  They  have  no  tha-ts,  and  are  composeti  of  vesicles  of 
different  sizes,  wliich  are  lined  by  a  single  layer  of  cuboidal  epithe- 
lium and  contain  in  their  interior  a  material  known  as  colloid.  A 
nmiil>er  of  histologists  have  traced  the  formation  of  this  colloid  to 
the  lining  e()ithelial  eelLs»  and  have  statetl.  moreover,  that  the  vesicles 
Hnally  rupture  and  discharge  the  colloid  into  the  surrounding  h-m- 
phatic  spaces.  Accessory  thifroids  varying  in  size  and  nimil^er  may 
be  found  ulonp  the  trachea  as  far  down  as  the  heart.  They  poeaess 
a  vesicular  structure  and  no  doubt  have  a  function  similar  to  that 
of  the  thyroid  bo<ly. 

The  poruthifroids  are  quite  different  structures.  Four  of  these 
bodies  are  usually  described,  two  on  each  side,  and  their  positions 
var>'  somewhat  in  different  animals.  In  man  the  superior  (or 
internal)  parathyroids  are  found  upon  the  |x)sterior  surface  of  the 
thyroid  at  the  level  of  the  junction  of  its  upper  with  its  middle  third. 
This  portion  of  the  organ  may  l>e  tml>etlde<.i  in  the  thyroid.  The 
inferior  (or  extenial)  jmnithyroids  lie  near  the  lower  margin  of  the 
thyroid  on  it^  posterior  surface,  and  in  some  cases  lower  down  on 
the  side:^  of  tlie  trachea.  The  tissue  luis  a  structure  quite  dififerenl 
from  that  of  the  tfiyroids.  l>eing  cojuj^xsed  of  solid  masses  or  columns 
of  epithehal  cells  which  are  not  arranged  in  vesicles  and  contain  no 
colloid. 

Extirpation  of  the  Thyroids  and  Parathyroids. — In  1S56 
iSchilT  showed  that  extiri)ation  of  the  th>Toi(.is  (complet-c  thyroi- 
dectomy) in  dogs  is  followed  usually  by  the  death  of  the  animal  in 
one  to  four  w*eeks.  The  animal  exhibits  certain  characteristic  s}'mp- 
toms,  such  as  muscular  tremors,  which  may  pass  into  convulsions, 
cachexia,  emaciation,  and  a  condition  of  apathy.  TliLs  result  was 
confirmed  by  subsequent  obsen'ers,  but  many  exceptions  were  noted. 
Great  interest  was  shown  in  these  results.  l>ecause  on  the  suixical 
side  reports  were  made  showing  that  after  complete  removal  of  the 
thyroids  in  cases  of  goiter  evil  consei^uences  might  ensue,  either 
acute  convulsive  attacks  or  chonic  malnutrition.  On  the  other 
hand,  it  l^ecame  known  that  atroph\'  of  the  thyroids  in  the  youni; 
is  responsible  for  the  condition  of  arrested  growth  ami  deficient 
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mental  development  designated  as  cretinism ,  and  in  the  adult  the 
same  cause  gives  rise  to  the  peculiar  disease  of  myxedema,  charuL'ter- 
ized  by  distressing  mental  deteritmit  it»n.  an  edeniat<nt.s  (■untlition 
of  the  skin,  loss  of  hair,  etc.  SchifT  and  others  found  that  the  evil 
reeuhs  of  complete  th\Toidectoniv  in  do^s  might  l»e  ohviateti  by 
grafting  pieces  of  the  thyroiti  in  the  bwly,  ami  this  knowJetige  was 
quickly  applied  to  hiunau  Ijeings  in  eases  of  myxedema  and  cretinism 
with  astonishingly  successful  results.  Instead  of  grafting  thyroid 
tissue  it  was  foimd,  in  fact,  that  injection  of  extracts  umler  tfie 
skin  or  better  still  simple  fee<ling  of  thyroid  material  gave  similar 
favorable  results:  the  individuals  recovered  their  normal  ap|)ear^ 
ance  and  mental  powers.*  I^ter  Bairniannf  siicceerled  in  isolating 
from  the  glands  a  substance  designatcil  as  miethyrin,  which  shows 
in  laixe  measure  the  !>eneficiai  influence  exerted  by  thvroicl  extracts 
in  cases  of  m>'xedema  an<l  j>urcnchymatous  goiter.  This  substance 
is  characterized  by  containing  a  large  amount  of  ioflin  (9.'-i  per 
cent,  of  the  dr>'  weight).  It  is  contained  in  the  gland  in  comljina- 
tion  with  i)roteid  bodies,  from  which  it  ma^-  l>e  sejmrated  by  diges- 
tion with  gastric  juice  or  by  btnling  with  acids. 

The  Function  of  the  Parathyroids. — Most  of  the  results  des- 
cribed above  were  obtained  l^fore  the  existence  of  the  parathy- 
roids was  recognized.  Early  in  the  historv-  of  the  subject  it  was 
reeogniza!  that  complete  removal  of  tiie  thyniids  |>roper  in  herbiv- 
orous animals  (rats,  rabbits)  is  not  attende<l  by  a  fatal  result, 
Gley  and  others,  however,  proved  that  if  the  parathyroids  also  are 
removed  these  animals  die  with  the  symptoms  descril^etl  in  the 
case  of  dogs,  cats,  and  other  carnivorous  animals.  This  residt  at- 
tracted attention  to  the  parathyn»ids.  \nmerous  exj>eriments, 
especially  by  Moussu^  tiley.S  and  Vassale  and  Generale,||  have 
seemed  to  show  a  marketl  ililTerence  between  the  results  of  thyroi- 
dectomy and  parathNToidectomy.  When  the  parathyroids  alone  are 
rem(»ved  the  animal  dies  quickly  with  acute  symptoms,  muscular 
convulsions  (tetany),  etc.;  when  the  thymids  alone  are  removed 
the  animal  may  sunive  for  a  long  period,  hut  develops  a  condition 
of  chronic  malnutrition, — a  slowly  increasing  c!ichexia  which  may 
exhibit  itself  in  a  condition  resembling  myxetlema  in  man.  This 
distinction  has  Ijeen  generally  accepted,  and  it  throws  much  light 
upon  the  discrepancy  in  the  results  obtained  by  some  of  the  earlier 
observers.     Complete  thyroidectomy  with  the  acutely  fatal  results 

*  For  fl  (rencral  account  of  the  development  of  the  subjert  nnd  the  liter- 
ature see'*TrahRactionsof  the  Otnj^rcs-iof  Amerirnn  Physician-*  ami  Surgeons" 
niowcM.  Chittenden.  Adami,  Putnam,  Kinnicutt,  (»^ler).  1897,  and  Jcan- 
iJelize.  "  Insulhwince  thvmidicnne  et  parathvroi<Henne, "  Nancv,  1902. 

t  "Zeit^ohrift  f.  phvHioloK.  rheuiie. "  21.  319.  and  4S1.  1S96. 

;  Mouflsu,   "  Proc.    Fourth    Intenintional    Phvsiolog.   Congress,"    1898. 

I  Gley,   "PfliiKcr's   Archiv."  Oft,   aus.    1897. 

I  VaMle  and  Generate,  '*  Archives  italienue!»  de  biologie, "  33,  1000. 
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usually  descriljed  includes  those  cases  in  which  both  th>Toids  and 

jwratlnToitls  were  renu)veil,  while  fjrobahh'  man}'  of  the  apparently 
negative  resulti^  cjhtained  after  excision  of  the  thyroids  are  expli- 
cable on  the  sup[«)siti(>n  that  one  onnoreof  the  parathvToids  were 
left  in  the  aninial.  It  sfiould  he  stated,  however,  that  two  recent 
nhsen'ers.  ViticetU  and  Jolly.*  as  the  residt  of  numerous  exjjeri- 
nients  made  upon  different  varieties  of  animals,  throw  some  doubt 
\i\x)ii  these  conclusions.  'rhe_\'  contend  that  in  herbivorous  animals 
fully  half  of  those  opcratc<l  u|x»n  survive  complete  removal  of  all 
thyntid  tissue,  showing  ihj  evil  symptoms  except  perhaps  a  di- 
minLshe{l  resLstance  to  infection.  C^mivomus  animals,  on  the  con- 
trary, usually  die  after  such  an  operation.  Assuming,  however, 
that  the  distinction  made  by  Moussu  and  others  is  well  founded, 
the  interesting  <|iiC8tiaii  arises  as  to  the  functional  relationship  be- 
tween the  thyroids  and  the  parathyroids.  Myxedema,  cretinism, 
and  similar  conditions  in  man  may  l>e  referred  to  an  atrophy  or  loss 
of  functions  of  the  thyroids,  but  there  is  no  knowledge  of  effects 
attributable  in  patholtJ^ical  changes  in  the  parathyroids.  The  old 
view  that  the  parathyrt>id«  represent  embryonic  thyroid  tissue  which 
after  removal  of  the  thyroids  replaces  the  functions  of  the  latter 
is  not  supjx>rted  In*  experimental  or  histological  e\idenee.  The 
two  IxKlies  represent  different  stnictures,  histologically,  embr>'o- 
lo^ically,  and  lihysiologically,  and  yet  there  seems  to  be  some  cor- 
R^hitiim  in  fuiu-tion  Wtween  them.  The  j^arathyroids,  Uke  the  thy- 
roids, contain  a  lar^e  ])ercentage  of  iodin;  when  the  parathyroids 
are  rcMuovcd  the  thyroids  exhibit  a  change  in  stnicture  in  that  the 
colloid  niaterial  disi\p[)ears  from  the  vesicles,  and  finally  the  tetany 
following  removal  of  the  iwirathynjids  may  l>e  ame!ioratt*il  by  suIh 
senucnt  excision  of  the  thyroids.  The  exact  nature  of  the  functional 
connection  between  these  two  organs  is,  however,  as  yet  quite  un- 
explained;  there  is  neetl  for  further  investigation. 

The  General  Nature  of  the  Functions  of  the  Thyroids  and 
Parathyroids. — Disregarding  the  difTorence  in  function  between 
these  two  bodies,  it  is  quite  evident  (win  the  facts  given  that  they 
exercise  an  important  control  over  the  pmcesses  of  nutrition  of  the 
lx>dy,  and  espeeially  pcrhajxs  over  those  of  the  central  ner^•ous 
system.  How  is  tliis  control  exerted?  Two  general  i)oints  of  view 
have  been  advocated.  According  to  one  theory,  the  thyroid  tis- 
sues elaborate  a  sjjecial  internal  secretion,  characterized  by  its 
contents  in  iodin.  This  secretion  is  given  off  to  the  lymph  or  blood, 
is  carried  to  the  tissues,  and  tiiere  exercises  a  regulating  action  of 
an  ijn|>ortaiit  t>r  indeetl  essential  clmracter.  Excision  or  atrophy 
of  these  l)odies  n*sidts  in  a  loss  of  this  secretion  and  a  conseqiient 
malnutrition  or  perverted  metabolLsm  in  other  tissues  of  the  organ- 
*  Vinront  mid  .folly,  "  Joiinml  of  Physiolog>'. "  32,  05.  19CM. 
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ism.  According  to  the  other  point  of  view,  less  generally  held,  the 
function  of  these  Iwdies  is  to  neutralize  or  destroy  loxic  suhstancea 
formed  in  the  metal  jo  litini  of  the  rest  of  the  body,  as  the  liver,  for 
instance,  destroys  the  toxic  character  of  the  ammonia  comi>ounds 
by  converting  them  to  urea.  On  this  theor>'  the  removal  of  the 
thyroid  tissues  result^s  in  the  accunnilation  of  toxic  substances  in 
the  blood  and  the  animal  dies  by  a  process  of  auto-intoxication. 

Cyon's  View  of  the  Function  of  the  Thyroid. — Cyou  in  nuiiieroas 
publications  hii.<  aiivocatctl  u  tlifferent  view  of  the  function  of  tlie  thyroiiU. 
These  bodi^  have  a  ven*  large  vascular  supply,  and  Ifiis  autlmr  assumes  timt 
this  area  ser\-es  as  a.  vascumr  shunt  or  noinl-jEate  to  protect  mefhanirally 
the  cifculalion  in  the  brain.  Tlie  diUtntiori  of  the  thyroid  urea  under  vtm- 
ditinii.-4  that  threaten  rongestiou  tif  tlie  hmiii  is  e*Tei'ted  reliexly  by  Mjea»» 
of  the  hv|>ophy8is  cerebri  and  the  vaigi.  Kor  details  of  this  mechanism  and 
tk\ao  of  t\io  supposed  effect  of  the  thyroiil  secretion  on  the  irritalnhty  of  the 
centers  iniier\'atiiig  the  heart  and  blooil-xeHseU  see  "  Ardiixes  de  phy^iolugie, *' 
1898,  p.  618 

Adrenal  Bodies, — The  adrenal  bodies — or,  as  they  are  fnKjuently 
calleil  in  luiiaun  Hiiatoiiiy,  the  supraretial  ca]>sules — Ijebng  to  the 
group  of  ductless  glamk.  It  wa^  shown  first  by  Bro\vu-»Se<[uard 
(1856)  that  removal  of  the^^e  botlies  Is  followeti  rapidly  hy  ilcath. 
This  result  has  l>een  coniinned  b\'  many  exj^riment^rs,  and  so  far 
as  the  ol>8er\'ations  go  the  effect  of  complete  rejimval  is  the  san^e 
in  all  animals.  The  fatal  effect  Is  more  rapitl  than  in  the  case  of 
removal  of  the  tlnroids.  death  foUoAviii^  the  oi>eration  usually  in 
two  to  three  days,  or,  acconlin^  to  some  accounts,  within  a  few 
hours.  The  s>'mptoms  preceding  death  are  great  prt>stration,  mus- 
cular weakness,  and  marketl  diminution  in  vascular  tone.  These 
symptoms  n?semblc  those  occiUTiiig  in  Atldison's  tlisease  in  man. — 
a  disease  which  clinical  evidence  has  shown  to  be  associated  with 
pathological  lesions  in  the  suprarenal  ca|>sules.  It  has  been  ex- 
pected, therefore,  that  the  reeidts  obtained  from  th\Toid  treatment 
of  myxedema  mi.ght  l>e  paralleled  in  cases  of  Addison's  disease  by 
the  use  of  adrenal  extnicls,  hut  so  far  these  expectntionH  have  not 
been  completely  realized.  Oliver*  and  Schaefer,  and^  a^xnlt  the 
^aajne  time,  CHbuiski  and  Szymonowicz,t  discovered  that  this  or^an 
forms  a  peculmr  substance  that  has  a  ver\'  definite  physiological 
action,  especially  upon  the  circulator^'  system.  They  foiuul  that 
aqueous  extracts  of  the  me<lLilhL  of  the  phuu!  when  injected  into  the 
blood  of  a  living  animal  have  a  remarkable  influence  ujjon  the  heart 
and  blood-vessels.  If  the  vagi  are  intact,  the  a<lrenal  extracts  cause 
a  ver>"  marked  slowing  of  the  heart  beat  together  with  a  rise  of  blood- 
pressure.  When  the  iniiibitor\'  fibers  of  the  vagus  are  thn>wn  out 
of  action  by  section  or  by  the  use  of  atropin  the  heart  rate  is  ac- 

•*'Jounud  of  Ph\-siologv."  IS,  230.  ISflS. 

f'Archiv  f.  die  pesammte  Phyaiologie,"  04,  97,  1896. 
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celeratGci,  while  the  bloo<l-pressiire  is  increased  sometimes  to  an 
extraortlinar>'  extent.  1'be:^  results  are  obtained  with  ver>^  small 
doses  of  the  extracts.  Scliaefer  states  that  as  little  as  5A  mgms. 
of  the  th*ied  gland  may  produce  a  niaxunal  effect  upon  a  dog  weigh- 
ing 10  kgnis.  The  effects  produced  by  such  extracts  are  quite  tcm- 
poran'  in  character.  Jn  the  course  of  a  few  minutes  the  blood- 
pressure  returns  to  normal,  as  also  the  heart  beat,  showing  that  the 
substance  has  been  destroyed  in  some  wa\'  in  the  bwiy.  although 
where  or  how  this  destniction  occurs  is  not  known.  According  to 
Schaefcr,  the  kidneys  and  the  atlrenals  themselves  are  not  ref^pon- 
sible  for  llais  jjrompt  elimination  or  destruction  of  the  active  sub- 
stance. Several  ohservere*  have  shown  satisfactorily  that  the  ma- 
terial producing  this  effect  is  ])resent  in  perceptible  quantities  in 
the  ijlootl  of  the  ailrenal  vein,  so  tliat  there  can  be  but  little  doubt 
that  it  is  a  distinct  internal  secretion  of  the  adrenal.  Dre3-er  lias 
shown,  moreover,  that  the  amount  of  this  substance  in  the  adrenal 
blood  is  increased,  judging  from  the  physiological  effects  of  its  in- 
jection, by  stiJiiiilation  of  the  splanchnic  nerve.  Since  this  result 
was  obtained  indejiendently  of  the  amount  of  blood-flow  through 
the  glands  Dreyer  makes  the  justifiable  as^iunption  that  the  adrenals 
possess  secretory'  nerN'e  filjers.  Abelf  has  succeeded  in  isolating  a 
substance  from  the  gland  that  produces  the  effect  on  blood-preesure 
and  heart  rate,  and  proposes  for  it  the  name  epinephrin  hydrate.  _ 
He  assigns  to  it  the  formula  Ci^jHjjNOj ,  iHjO  and  describes  it  nsi 
a  peculiar,  unstable,  basic  Ixxly.  Salts  of  epinephrin  may  be  ob 
tained  which  when  injected  into  the  circulation  cause  the  typicalJ 
effects  produced  by  injection  of  extracts  of  the  gland. 

Other  cr>'staHine  products,  adrenalin  (C^H^NO,),  suprarenaliii., 
etc.,  liave  been  prej^ured  fmni  the  gland  and  show  a  most  markedfc>^^ 
influence  in  constricting  the  blood-vessels.  These  substances  aiu-*»  -■^ 
much  used  i>ractically  in  minor  surgical  operations  as  a  hemostaticr^^^-^ 
to  check  the  flow  of  blood.  The  constriction  of  the  blood-vesscl^a-C'^ 
seems  to  be  due  to  a  direct  effect  \ipin\  the  walls  of  the  vessels,  eithenff'^^^ei 
upon  the  musculature  itself  or  upon  the  j^eripheral  nerve  fibers  dis — ^s-** 
tributed  to  these  nuiscles.  That  the  effect  is  not  entirely  cenirar. 
is  indicated  by  the  fact  that  after  tlestruction  of  the  vasoconatrictoa 
center  and  removal  of  the  sj>inal  cord  injection  of  the  extracts  caua 
a  rise  of  l:)lood-pressure  of  100  i>er  cent,  or  more.  Langley  hnff  mt^ 
called  attention  to  the  pecuUar  fact  that  adrenal  extracts  or 
lutions  of  adrenalin  do  not  act  ufxin  all  varieties  of  plain  muscle 
but  only  on  those  innen'ated  by  nen'e  fibers  originating  in  the  syni 
pathetic  chain  of  ganglia.  It  has  been  pmposed»  therefore,  to  lU 
these  solutions  to  determine  whether  or  not  given  vascular 

•"American  Jouninl  of  Physiology'."  2,  203.  1899. 

t  Abel,  "Ben(>hte  d.  ileut.  cliein,  Oesellacltaft. "  37,  368,  1004. 
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such  as  those  of  the  brain  or  lungs,  are  provided  with  vasocon- 
strictor nen'c  fibers.  When  adrennlin  is  injectetl  into  a  normal 
aniinal  it  may  have  an  infliienre  upiin  the  nerve  centers  of  the  vaso- 
motor nerves  as  well  as  upon  the  ])eripheral  endings.  Meltzer*  has 
shown  that  niulerate  doses  under  such  conditions  may  cause  a  dila- 
tation, while  in  parts  wliose  connection  with  the  nerve  center  is 
destrove<i  only  a  constriction  is  obtained.  I'nder  normal  comli- 
tions  at  least  these  extracts  when  injectetl  into  the  circulation  soon 
lose  their  effect.  This  fact  may  explain  why  injection  of  the  ex- 
tracts has  failed  to  give  permanent  relief  in  animals  from  whom 
the  adrenals  had  Ijeen  reujove<l  or  in  lunuan  beings  suffering  frojn 
Addison's  tiisease.  Bearing  in  mind  the  results  obtuincti  in  the 
case  of  thyroidectomy,  it  has  been  suggesteii  that  grafts  of  the  adre- 
nals uniler  the  skin  nr  into  the  peritoneal  cavity  may  prove  more 
effective.  Results  by  this  method,  however,  have  also  been  chiefly 
negative,  owing  apparently  t^.*  the  fact  that  in  such  gnifts  the  meilul- 
lar\'  substance,  which  contains  the  material  that  causes  constric- 
tion of  the  bloofl-vcssels,  readily  undergoes  atrophy  and  absorp- 
tion. It  seems  probable  that,  if  the  method  of  grafting  is  perfected 
■>  as  to  preserve  the  mahilla  intact,  this  pn)ce<lure  may  prove 
rffective  as  a  therapeutical  means  in  the  treatment  of  Addison's 
disease. 

The  Physiological  Rflle  of  the  Adrenals. — There  seems  to  be 
no  question  that  the  niedullurv  substance  forms  epinephrin  or  adre- 
nalin or  some  relatetl  compound  which  has  a  marketl  stimulating 
efifect  upon  the  tone  of  the  blood-vessels  and  upon  the  heart,  and 
that  this  material  passes  into  the  blood.  The  general  view,  there- 
fore, has  been  that  one  at  least  of  the  ftmctions  of  the  adrenals  is 
the  internal  secretion  of  this  material.  It  is  assumeii  that  its  con- 
tinues! formation  is  necessar}'  to  the  maintenance  of  the  normal 
metabolism  of  the  muscular  tissues  either  by  a  direct  effect  or 
imlirectly  by  influencing  the  activity  of  the  ner%'e  centers,  llcmoval 
of  this  secretion  results  in  a  marketl  Idss  of  muscular  tone  and  A'igor. 
exhibited  by  the  l>lood-vcsse!s.the  heart, and  the  skcletiil  musclcif,  and 
death  follows  rapully.  This  general  view  is  in  accord  with  the 
farts  so  far  as  they  are  known,  hut  it  must  l>e  confessed  that  it  goes 
somewhat  beyond  the  facts.  Another  pennissible.  although  less 
probable  view  is  that  the  adrenals  produce  an  antitoxic  sid)Stance 
whose  function  is  to  neutralize  or  destroy  certiiin  (unknowTi)  poi- 
sonous products  of  body  nietalvolism.  Removal  or  disease  of  the 
adrenals,  on  this  theon.',  causes  death  because  it  allows  these 
toxic  products  to  accumulate. 

Pituitary  Body. — This  body  is  usually  described  as  consisting 

•tJ.  J.  and  Clara  Meltzer,  "American  Journal  of  PhirsioIoKy, "  9,  252, 
1903. 
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of  two  parts. — a  large  anterior  lobe  of  distinct  glandular  structure 
and  a  much  smaller  posterior  lol)e  whose  structure  is  not  clearly 
known.  The  cells  are  saitl  to  fonn  follicles  which  contain  some 
colluid  material  *  l'jiil)r>'ologically  the  two  lol>es  are  entirely  ili*- 
tinct.  The  anterior  lolte,  which  mav  be  designated  as  the  hypoph- 
ysis cerebri,  arises  from  the  epithelium  of  the  mouth,  while  the 
posterior  lobe,  or  the  infundibular  body,  develops  as  an  outgrow*th 
frf)m  the  infiinilibiihini  of  the  liraiii,  and  in  the  adult  remains  con- 
nected with  this  [Xtrtion  of  the  Ijrain  by  a  long  stalk.  Howell  t  and 
others  have  vshown  that  extracts  of  the  hy]X)physw  when  injected 
intravenously  have  little  or  no  physiological  effect,  while  extracts 
of  the  infundibular  body,  on  the  contrar>',  cause  a  marked  rise  of 
blood-pres-sure  and  slowing  of  the  heart  l>eat.  These  effects  resemble 
in  general  those  obtained  from  adrenal  extracts,  but  differ  in  some 
details.  They  seem  to  warrant  the  conchision  that  the  infumiitH 
ular  body  is  not  a  mere  rudimentary'  organ,  as  has  been  generally 
assiuneil,  but  produces  a  jDeculiar  substance,  an  internal  secretion, 
that  may  have  a  distinct  ph\'sii>lou;ical  value.  A  nmnber  of  ob- 
senders,  especially  \'assale  and  Sacchi,  have  succeeded  in  remov- 
ing the  entire  pituitary*  body.  They  report  that  the  operation 
results  eventually  in  the  de-ath  of  the  animal  with  a  certain  group 
of  s}-mptonis.  such  as  muscular  tremora  and  sj^asins.  apathy  and 
dyspnea,  that  resemble  the  results  of  thyroidectomy.  It  has  been 
suggested,  therefore,  that  the  pituitary  body  may  be  related  in 
function  to  the  th\Toids  and  may  be  able  to  assume  vicariously 
the  functions  of  the  latter  after  thyroidecUmiy.  There  is  no  satlv 
factor}*  evidence,  however,  in  supjwrt  of  this  view.  On  the  patho- 
logical side  it  has  been  shown  that  usually  lesions  of  the  pituitan' 
body,  parlicularly  of  the  hyjK>physis,  are  associated  with  a  p)eculiar 
disease  knowTi  as  acromegaly,  the  most  prominent  8>'mptom  of 
which  is  a  marked  hypertrophy  of  the  bones  of  the  extremities  and 
of  the  face.  The  conclusiini  sometimes  drawn  from  this  fact  that 
acromegaly  is  caused  by  a  disturbance  of  the  functions  of  the  pitu- 
itary Ixxly  Is,  however,  very'  uncertain,  and  Ls  not  supported  by  any 
definite  clinical  or  ex(>erimental  facts. 

Testis  and  Ovary. — Some  of  the  earliest  work  upon  the  effect 
of  the  intenial  secretions  of  the  glantls  was  done  upon  the  repro- 
ductive glands,  especially  the  testis,  by  Brown-86quard.t  Ac- 
conling  to  this  obscrN'cr.  extracts  of  the  fresh  testis  when  injected 
under  the  skin  or  into  the  blood  may  have  a  remarkable  influence 
upon  the  nervous  system.     Mental  and  physical  \'igor.  and  t^e 


♦Thorn,  *'Archiv  f.  mik.  Anat.,"  57,  632,  1901. 

t  •Journal  of  Experimental  Medicine,"  3,  245.  1898;  also  Schaefer  and 
Jouni&l  of  rliysioloRy,  " 


Vincent,  "Journal  of  VliysioloRy, "  25.  87,  1899. 

I  *'  Archives  de  physiologie  normale  et  pathologique, "  1889-92, 
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actiWty  of  the  spinal  centers,  are  greatly  improved,  not  only 
in  cases  of  general  prostratirm  and  neurasthenia,  hut  also  in  the 
case  of  the  aged.  Krown-Sdtjuard  inainUiineil  that  this  general 
dynamogenic  effect  is  due  to  some  unknown  substance  fanuetl 
in  the  testb  and  siihvsef|uently  passed  into  the  bUxHi,  although  he 
admitted  that  some  of  the  same  substance  may  be  found  iu  the  ex- 
ternal secretion  of  the  testis — /.  e.,  the  spermatic  li*|uid.  Poehl* 
asserts  that  he  1ms  prej)ared  a  substance,  sjiermin,  to  which  he  gives 
the  formula  CsHj^N,,  wMch  lias  a  very  t>enelicial  effect  upon  the 
metabolism  of  the  body.  He  Ixilicves  that  this  s|M?nnin  is  tlie  sul> 
stance  tliat  gi\*cs  to  the  testicular  extruct,s  prepared  by  Hrown-:^^ 
quanl  their  stimulating  effect.  He  claims  for  thus  substance  an 
extraordinar>'  action  as  a  physiological  tonic,  Zcvthf  and  also 
PregelJ  seem  to  have  obtained  exact  objective  proof ,  by  means 
of  ergographic  records,  of  the  stimulating  action  of  the  testicular 
extracts  \ipin\  the  neuromuscular  apparatus  in  man.  They  fin*! 
that  injections  of  the  testicular  extracts  cause  not  only  a  diminu- 
tion in  the  muscuhir  and  nervous  fatigue  resulting  fn>m  muscular 
work,  but  also  lessen  the  subjective  fatigue  sensations.  The  fact 
that  the  internal  secretion  of  the  testis,  if  it  exists  at  all,  is  not  ab- 
solutely essential  U>  the  life  of  the  body  as  a  whole,  as  in  the  ciise 
of  the  thyrtjitls»  adrenals,  and  pancreas,  naturally  makes  the  satis- 
factor>'  determinattim  of  its  existence  and  action  a  more  difficult 
task. 

Similar  ideas  in  general  prevail  as  to  the  possibility  of  the  ovaries 
furnishing  an  interiml  secretion  that  plays  an  imjx)rtant  part  in 
general  nutrition.  In  gynecol(^ical  practice  it  has  Ijeen  observed 
that  complete  ovariotomy  with  its  resulting  premature  menoj>ause 
is  often  followed  by  distressing  symptoms^  mental  and  ph\sical. 
In  such  cases  niany  observers  have  rejKirted  that  these  s>'mj>toms 
may  be  alleviated  by  the  use  of  ovarian  extracts.  Morris  8  rej>ort3 
a  number  of  cases  in  which,  after  complete  removal  of  the  ovaries, 
a  piece  of  ovar>'  from  the  same  or  a  different  i>crson  was  graftc<l 
into  the  fundus  of  the  uterus  or  into  the  Inroad  ligament.  In  all 
CAses  menstruation  jjersistetl,  showing,  therefore,  that  the  presence 
of  the  ovaries  is  necessar>^  for  this  function.  A  similar  operation 
in  eases  of  amenorrhea  or  dysmenorrhea  bn)ught  on  free  and  easy 
menstruation  and  an  improvement  in  general  nutrition  and  well- 
being.  Glassll  also  reports  a  case  in  which  the  entire  ovar>'  from 
one  woman  was  transjjlanted  into  another  patient  ujxin  whom  com- 
plete ovariotomy  had  l)een  i>erformed  two  years  before.     The  result 

•  "ZeiUohrift  f.  klinisohe  Me.»ioin,"  26,  133.  lOM. 

f'Pflujcer's  Amhivf.  die  gesanimte  Phv*iologie,'*  62,  335,  1896;  also 
m,  3R6.  IS97. 

t  Ihifi.,  p.  379.  §  Morris.  "  Medical  Record."  1901,  p.  83. 

II  Class,  *'  Me»Hcal  News/'  1899,  p.  523. 
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of  the  operation  was  a  return  of  menstniation  and  sexual  desire. 
and  a  marked  alleviation  of  the  disagreeable  symptoms  following  the 
artifit'ial  menojwuse.  In  the  natural  menopause,  as  well  as  in  the 
premature  menopause  following  operations,  it  is  a  frequent,  thougli 
not  invariable  result  for  the  individual  to  gain  noticeably  in  weight. 
The  probability  of  an  pfTeet  nf  the  nvaries  on  general  nutrition  is 
indicated  also  by  the  intei'esting  fart  that  in  cases  of  ost'eomalacia. 
a  disease  characteri/<Hl  by  softening  of  the  bones,  removal  of  the 
ovaries  may  exert  a  favorable  influence  njwm  the  course  of  the 
disease.  These  indications  have  found  some  experimental  verifi- 
cation in  a  research  by  Ix)ew>'  and  Hichter*  made  upon  do^. 
These  ol^servers  found  that  complete  removal  of  the  ovaries,  al- 
though at  first  apparently  without  effect,  resulted  in  the  course  of 
two  to  three  months  in  a  marked  diminution  in  the  consumption 
of  oxygen  by  the  animal,  measured  per  kilogram  of  lK>dy-weight. 
If  now  the  animal  in  this  condition  was  given  ovarian  extracts 
(ociphorin  tablets),  the  amount  of  oxygen  consumevl  was  not  only 
brought  to  its  former  amount,  but  considerably  increased  beyond  it 
A  similar  result  was  obtained  when  the  extracts  wexe  used  upon 
castrated  males.  The  authors  believe  that  their  experiments  show 
that  the  ovaries  fonn  a  sjiecific  subst-ance  which  is  capable  of  increas- 
ing the  oxidations  of  the  body. 

Pancreas.— The  imjiortance  of  the  external  secretion,  the  pan- 
creatic juice,  of  the  jiiincreas  hius  long  ix»en  recognized,  but  it  was 
not  until  18S9  that  von  Mering  and  Minkowski  f  proved  that  it  fur- 
nishes also  an  e<iually  important  internal  secretion.  These  obsen'ere 
succeetle<i  in  extirpating  the  entire  pancreas  without  causing  the 
immediate  death  of  the  animal,  and  found  that  in  all  cases  this 
operation  was  followed  by  the  appearance  of  sugar  in  the  urine  in 
considerable  quantities.  Further  observations  of  their  own  and 
other  exj>erimenters  have  corroboratetl  thi^  result  and  adde<l  a  num- 
lier  of  interesting  facts  to  our  knowledge  of  this  side  of  the  activity 
of  the  pancreas.  It  has  been  shown  that  when  the  jmncreas  is  com- 
pletelv  remove<l  a  conilition  of  glyr»isuria  inevitably  follows,  even 
if  cart)ohydrate  foo<I  is  excluded  from  the  diet.  Moreover,  as  in 
the  similar  pathological  condition  of  glycosuria  or  diabetes  rael- 
litus  in  man,  there  is  an  increa.se  in  the  quantity  of  urine  (polyuri*) 
and  of  urea,  and  an  al>normal  thirst  and  hunger,  .\cetone  eIbo  u 
present  in  the  urine.  These  symptoms  in  na.ses  of  complete  extir- 
pation of  the  i^ancreas  are  followed  by  emaciation  and  nmsnilar 
weakness,  which  finally  end  in  death  in  two  to  four  weeks.  If  the 
iwncreas  is  incompletely  removed,  the  glycosuria  may  \>e  serious. 


*  I  oewvan*!  Rirhter.  "  Arcliiv  f.  Physiol oKie,"  lSft*»  ■  !ume.  p 

t  Minkowski.  "Arrliiv  f.  exper.  Pathoiogie  u.  PIk  jic."  a 
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or  slight  and  transient,  or  absent  altogether,  de])ending  upon  the 
amount  of  pancrejilic  tissue  left.  Acconling  to  the  experiments 
of  von  Mering  ami  Minkowski  on  <logs,  a  residue  of  one-fourth  to 
one-fifth  of  the  gland  is  sufficient  to  i^n-vent  the  appearance  of  sugar 
in  the  urine,  although  a  smaller  fnigment  may  suffice  apparently 
if  its  physiological  condition  Ls  favorable.  The  jxirtion  of  pancreas 
left  in  the  l)ody  may  suffice  to  [ire^ent  glycosuria,  partly  or  com- 
pletely, even  though  its  connection  with  the  duodeuiuu  is  entirely 
interrupted,  thus  indicating  tliat  the  sui)pression  of  the  pancreatic 
juice  is  not  res[K^nsible  for  the  glycosuria.  I'he  same  fact  Ls  shown 
more  conclusively  by  the  fr>llowing  experiments:  (Slycosuria  after 
complete  removal  of  the  pancreas  from  its  normal  connections  may 
be  prevented  partialK'  or  comf>letely  by  grafting  a  pjrtion  of  the 
pancreas  elsewhere  in  the  abdominal  cavity  or  even  under  the  akin. 
fSo  also  the  ducts  of  the  gland  may  be  completely  occhided  hy  liga- 
ture or  l)y  injection  of  pamthii  without  causing  a  euiulitiou  of  i.>er- 
manent  glycosuria. 

On  the  basis  of  these  and  similar  results  it  is  believed  tl\at  the 
pancreas  forms  an  internal  secretion  which  passes  into  the  blood 
and  plays  an  important,  indeed,  an  essential  part  in  the  metabolism 
of  sugar  in  the  body.  Moreover,  coasiderable  evi<lence  lias  l>een 
accumulated  to  show  that  the  tissue  concerned  in  this  imjwrtant 
function  is  not  the  pancreatic  tissue  proper,  but  that  comixjsing  the 
8o-calle<i  isLmds  of  Langerhans,  In  man  these  Lslamls  are  scattereti 
through  the  jTancreAs.  forming  spherical  or  oval  bodies  that  may 
reach  a  diameter  of  as  much  as  one  millimeter.  The  cells  in  these 
txxiies  are  polygonal;  their  cytoplasm  is  jiale,  finely  granular,  and 
small  in  amount.  The  nuclei  possess  a  thick  cliromatin  network 
which  stains  deeply.  Eiich  islaml  possesses  a  rich  capillar}' network 
that  resembles  somewhat  the  glomerulus  of  the  kidney. 

According  to  Ssliolew  *  ligation  of  the  pancreatic  duct  is  foUoweil 
by  s  complete  atrophy  of  the  |>ancreatic  cells  proper,  while  those 
of  the  islands  of  Langerhans  are  not  affected.  Since  under  these 
conditions  no  glycosuria  occurs,  while  removal  of  the  whole  organ 
inchuling  the  Islands  is  followed  by  pancreatic  dial>etes,  the  ob\iou8 
conclusion  is  that  the  dial>etx^  is  due  to  the  loss  of  the  islands. 
This  conclusion  is  strengthened  by  rejTOrts  from  the  pathological 
side.  A  number  of  recent  obsen'ers  ((Jpie,  Ssbolew,  Herzog.  ei  al.) 
find  that  in  dial:)ctcs  mellitus  in  man  the  islands  arc  markedly  af- 
fecte<l.  They  show  signs  of  hyaline  degeneration  or  atrophy  or  in 
severe  cases  may  l>e  absent  altogether. 

Several  theories  have  been  advanced  to  ejcplain  the  action  of 
the  internal  secretion  of  the  jmncreas.  It  lias  l)een  suggested  that 
the  secretion  contains  an  enzyme  whicli  is  necessarj'  for  the  hydrol- 
•"Virchow'a  Archiv,"  168,  91.  1902. 
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ysis  or  oxidation  of  the  sugar  of  the  body  and  in  the  absence  of 
this  enzyme  the  sugar  accunaulates  in  the  blood  and  is  drained  off 
through  the  kidney.  CVjhnheini*  states  that,  while  the  juices  ex- 
pressed from  muscle  and  from  pancreas  have  little  eflFect  upon  sugar 
when  taken  separately,  jxt  when  combined  they  cause  a  marked 
disappearance  (glycolysis)  of  sugar  added  to  the  mixture.  The 
inference  from  tliis  result  is  that  the  pancreas  furnishes  a  substance 
which  activates  the  glycolytic  enzyme  or  enzymes  of  the  mxisele 
and  thus  makes  iK>ssible  the  physiological  coasumption  of  sugars 
in  the  body.  Since  the  pancreas  extracts  ilo  not  lose  this  pmperty 
upon  Iwiling  it  is  evident  that  the  acti>'ating  substance  is  not  an 
enzyme,  but  a  body  of  a  more  stable  character.  Other  investigators 
adopt  an  entirely  different  view  of  the  relation  of  the  pancreas  to 
carbohydrate  metabolism.  They  believe  that  the  internal  secre- 
tion of  the  pancreas  regulates  in  some  way  the  output  of  sugar 
frojn  the  liver  (and  other  sugar-i>mducing  organs).  In  the  absence 
of  this  secretion  the  liver  gives  off  its  glycogen  as  sugar  too  rapidly. 
t!ie  sugar  contents  (>f  the  blood  are  thereby  increased  (hypergly- 
cemia) above  nonnal,  and  the  excess  passes  out  in  the  urine. 

Kidney.— Tigersteilt  and  Bergmanf  stale  that  a  substance 
may  l)e  extracted  from  the  kidneys  of  rabbits  wliich  when  injected 
into  the  body  of  a  H^-ing  animal  causes  a  rise  of  blood-pressure. 
They  get  the  same  effect  from  the  blrnxl  of  the  renal  vein.  They 
conclude,  therefore,  that  a  sub.stance,  for  which  they  suggest  the 
name  *'rennin;'  is  normally  secreted  by  the  kifhiey  into  the  renal 
blood,  and  that  this  substance  causes  a  vasoconstriction. 

•  Cohnheini,  *'  ZcitsM-hrift  f.  phN-Miolojc.  Chemie."  30.  335.  lfM)3;  al^o  IWVt 
t  "Skiuulinimsrhert  Arc-hiv  f.PhvHiologie."  8,  223,  1898;  nee  &1ao  Brwl- 
ford.  'Proreetlings  of  the  Royal  Society,"  1892. 
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CHAPTER  XLVIl. 
GENERAL  METHODS-HISTORY  OF  THE  PROTEID  FOOD. 

Under  the  head  of  nutrition  or  general  metjiliolism  wv  inchule 
usually  all  those  changes  that  occur  m  onr  fcKHlstuils  from  the  tiine 
that  they  are  ahsoHx^d  frfjni  the  ahnicntarj^  ranal  until  they  are 
eliminated  in  the  excretions.  In  many  of  these  iirt»eesses  the  oxygen 
absorbed  from  tlie  hings  takes  a  most  important  part,  and  the 
changes  directly  due  to  this  element,  the  physiiilogiral  oxidations 
of  the  IxmIv.  can  not  l>e  separated  from  the  genend  metal:H)lic  phe- 
nomena of  the  tissues.  As  was  said  in  another  place,  therespirator\* 
histon'  of  oxygen  ceases  after  this  element  has  rearhed  the  tissues; 
its  subsequent  particiimtion  in  the  chemical  changes  of  the  organ- 
ism fonns  an  integral  f>art  of  tfie  nutritional  pnu-esses.  These  latter 
processes  are  varie<I  and  complex  and  only  partially  understood. 
For  the  sake  of  simplicity  in  presentation  It  is  convenient  to  con- 
sider separately  each  of  the  so-called  foodstuffs. — the  proteids, 
allumiinoi(is,  ciirlMihydrates,  fats,  water,  and  inorganic  salts, — and 
attempt  to  trace  its  nutritive  history  from  the  lime  it  is  absorl)ed 
intr»  the  bhjod  until  it  is  eliiuinateil  fnim  the  body  in  the  fonn  of 
excretor>*  products.  Hefore  undertaking  this  description  it  is  desir- 
al)le  to  call  attention  to  certain  general  methods  and  conceptions 
that  have  t)een  <leveloi>od  in  connection  with  this  part  of  jvhysiolog}-. 

Nitrogen  Equilibrium. — Among  our  main  fomlstuffs  the  pro- 
teids  (antl  albuminoid?)  are  characterizetl  by  containing  nitrogen. 
After  this  material  is  metabolized  in  the  body  the  nitrogen  is  elim- 
inated in  various  forms,  chiefly  in  the  urines  but  to  a  smaller  ex- 
tent in  the  feces  and  sweat.  In  the  feces,  moreover,  there  may  l>e 
present  some  undigested  pniteid  which,  although  taken  with  the 
food,  has  never  really  enteretl  the  b<Hly.  It  is  evident  that  the 
urine,  feces  (and  sweat)  may  be  collected  (hiring  a  given  periixl  and 
analv2ed  to  determine  their  contents  in  nitrogen.    The  sweat  is 
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usually  neglected  except  in  obsen'ations  upon  conditions  in  which 
nuisciilar  activity  has  been  a  prominent  feature.  As  a  rule,  the 
amount  of  nitrogen  is  determined  by  some  nR>dlRcutioii  of  the  Kjel- 
dahl  method.  In  princi[>le  this  method  consists  in  heating  the 
material  to  be  analyzed  with  strong  sulphuric  acid.  The  nitrogen 
is  thereby  converted  to  ammonia,  which  is  distilled  off  and  caught 
in  a  standardized  solution  of  sulphuric  acid.  By  titration  the  amoimt 
of  ammonia  can  l)e  tletermined,  and  from  this  the  amount  of  nitrogen 
is  ej>timated.  Nitrogen  fonns  a  definit'C  ]3ercentage  of  the  proteid 
molecule  (ahoul  10  per  cent.);  so  that  if  the  weight  of  nitrogen  is 
multiplied  by  6.25  the  weight  of  proteid  from  which  it  is  derived 
is  ol>taiiied.  If,  on  the  other  hand,  the  nitrogen  Ls  detennined  in 
the  food  eat«n  tiuring  the  period  of  the  ex|jeriment  it  is  evident  ttiat 
a  balance  may  l^  struck  Avhicli  will  determine  whether  the  body 
ifi  receiving  or  losing  nitrogen.  If  the  balance  is  even  the  body  Ls 
in  nitrogen  etiuilibrium, — that  is,  it  is  receiving  in  theforxl  as  much 
nitn)gen  (or  proteid)  as  it  is  metabolizing  and  eliminating  in  the 
excreta.  If  there  is  a  plus  balance  in  favor  of  the  food  it  is  evident 
that  the  body  is  laying  on  or  storing  proteid  tissue,  while  if  the 
balance  is  minus  the  body  must  be  losing  j)roteid.  During  the  fieriod 
of  growth,  ill  convalcs<-'ence,  etc..  the  body  tloes  store  proteid.  and 
umlcr  these  conilitioiis  tlic  balance  is  in  favor  of  the  foo<l  nitrogen. 
But  thnmghout  adult  life  under  noniial  conditions  our  diet  is  so 
regulated  by  the  api>etite  that  a  nitrogen  equilibrium  is  maintAincd 
through  long  jjeriocLs.  Under  experimental  conditions,  invohing, 
for  Instance,  a  si>ecial  diet,  it  often  l>ecomes  necessar>-  to  make 
the  analyses  for  nitnigen  in  onier  to  determine  whether  or  not  the 
individual  is  losing  or  gaining  pn^teid  or  is  in  equilibrium. 

It  is  im|x>rfant  also  to  bear  in  mind  that  nitrogen  or  proteid 
e<|uilibrium  may  l>e  established  at  different  levels.  If,  for  instance, 
a  man  i.s  in  nitrogen  equililiriiun  on  a  diet  ci>ntiiining  10  gnis.  of 
nitn)gen,  what  will  happen  if  the  proteid  in  this  diet  is  doubled? 
Our  exf)erience  teaches  us  that  the  extra  10  gms,  of  nitrogen  or 
6'2.o  gms.  of  j)roteid  is  not  stored  in  the  body  indefinitely.  As  a 
matter  of  fact,  the  extra  proteid  is  meta]>olized  in  the  body  and 
nitrogen  equilibriuiii  becomes  established  at  a  liigher  level.  Whereas 
under  the  firat  condition  62.5  gms.  of  proteid  were  eaten  and  62.5 
gms.  of  proteid  weiT  lost  from  the  body  either  in  the  form  of  nitrog- 
enous excreta  or  in  the  feces  as  undigested  proteid,  under  the 
secoml  condition  12o  gms.  of  proteid  are  eaten  and  125  gms.  of  pro- 
teid are  lost.  The  total  mass  of  proteid  tissue  in  the  Ixxiy  may 
remain  the  same,  or  if  any  increase  takes  place  at  the  beg;inning  of 
the  change  in  diet  it  soon  ceases.  Experimentally  it  is  foun<l  that 
there  is  a  certain  low  limit  of  proteid  which  just  suffices  to  maintain 
nitrogen  equilibrium,  and  between  this  level  and  the  capacity  of 
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the  body  to  digest  and  absorb  proteid  food  nitrogen  equilibrium 
may  be  maintained  hjkui  any  given  amount  of  proteid. 

Carbon  Equilibrium  and  Body  Equilibrium. — The  term  car- 
lx)U  equilibrium  is  sometimes  used  to  describe  the  t'ondition  in  which 
the  total  earbon  of  the  excreta  (in  the  carbon  dioxid,  urea,  etr.)  is 
l>alanced  by  the  carbon  of  the  food.  It  is  possible  that  an  individual 
may  be  in  nitrogen  equilil>rium  and  yet  l>e  losing  or  gaining  in  weight, 
since,  although  the  coiiijumption  of  pmteids  may  just  Ije  covered 
by  the  proteids  of  the  food,  the  consumption  of  non-proteid  material, 
jMirticuiariy  the  fats  of  the  body,  may  be  greater  than  tije  supply 
furnished  by  or  manufactureii  innn  the  food.  An  animal  may 
lose  or  gain  in  carbon  when  his  nitrogen  siip|)ly  is  in  equilibrium. 
In  the  same  way  under  special  circumstances  we  may  sjieak  of  a 
water  equilibrium  or  a  salts  e(|uilil)riuni,  although  these  terms  are 
not  generally  used.  An  a<lult  under  norma!  conditions  lives  so  as 
to  maintain  a  general  body  equilil)rium;  his  ingesta  of  all  kinds 
are  balanced  by  the  corresponding  excretions,  and  the  indi\idual 
maintains  a  practically  constant  l)ody-weight. 

Complete  Balance  Experiments — Respiration  Chamber. — ^Ac- 
cording to  the  statements  made  in  the  last  paragraph,  it  is  obvious 
that  if  the  analytical  work  Ls  properly  done,  an  exact  balance  may 
\ye  <irawn  l)etween  the  proteiils,  fats,  and  carbohydrates  eaten  as 
focxi  and  the  pniteids.  fats,  anrl  earbohyiirates  destroyed  in  the 
botly  as  represented  by  the  nitrogen  anil  carlwn  contained  in  the 
excreta.  Complete  experiment-s  of  this  kind  were  attemptetl  first 
by  Volt*  and  Pettenkofer,  to  whose  work  much  of  o\ir  fundament-al 
knowledge  is  due.  In  the  experiments  of  these  authors  made  uj^n 
men  as  well  as  animals  tlie  total  nitrogen  of  the  urine  and  fe<'es  was 
determined  and  the  total  quantity"  of  CO^  given  off  fmm  the  lungs 
was  estimated.  This  last  determination  was  made  possible  by 
placing  the  individual  in  a  specially  constnicte^l  chamber  or  rcapi- 
niSton  oppnmtus.  Air  vviis  dniwn  through  this  room  by  means  of 
a  pump.  The  total  quantity  of  air  passing  through  the  room  waa 
measured  by  a  gasometer  and  definite  fmctions  were  drawn  off 
from  time  to  time  for  analysis  of  its  CC),.  F'rom  the  figures  thus 
obtaine<l  it  was  |x»ssible  to  estimate  the  entire  CO,  given  off  during 
the  period  of  observation.  Ivnowing  the  total  nitrogen  ami  H ), 
eliminated,  it  is  possible  to  estimate  the  amount  of  proteid  and 
fat  or  carbohydrate  flestmved  in  the  l)ody.  If  the  carl>on  l>elong- 
ing  to  the  amoimt  of  proteid  metalx>liKetl  is  deducted  from  the  total 
carlxjn  excreta  what  is  left  represents  either  fat  or  carlxihydrate 
burnt  in  the  body,  and,  knowing  the  amount  of  these  materials 
taken  in  the  diet,  it  is  possible  to  ascertain  whether  the  correspond- 
ing amount  of  carl)on  has  all  l>een  excreted.     By  exj)eriments  of 

♦  See  Hermann'M  "  Hamlbuch  der  Phywiologie/'  vol.  vi,  1881, 
50 
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this  kind  a  nearly  perfect  balance  may  be  struck  between  the  in- 
come and  the  outgo  of  the  body.  Absolute  accuracy  is  not  sought 
for,  since  the  materials  eaten  vary  somewhat  in  composition  and 
some  little  of  the  cHrlK)n  or  nitrogen  excreted  is  found  in  the  secre- 
tions from  the  skin,  the  saliva,  etc,,  which  are  not  usually  examined. 

More  recent  experiments  made  in  this  eountn'  under  the  dire(>- 
tion  of  Atwater*  have  attempted  to  balance  not  only  the  material 
income  and  outgo  of  the  body  iluring  a  given  period,  but  also  the 
income  and  outgo  of  energ\'.  For  this  purjx)se  the  i^di^^duals  ex- 
perimented upon  were  placed  in  a  ver>*  carefully  constnicted  respi- 
ration chaniher  so  that  their  expirctl  air  coukl  l>c  analyzed  as  well 
as  the  urine  and  feces.  The  chand>er,  ho%vever,  was  also  arranged 
to  act  as  a  calorimet-er  (see  p.  S'2'S}  hy  nieiins  of  which  the  heat  given 
off  by  the  person  could  \ye  measunnl.  The  heat  value  of  the  diet 
being  known,  it  is  pttssible  in  this  way  to  ascertain  whether  or  not 
this  theoretical  amount  of  he^t  is  actually  given  off  from  the  body, 
Atwater's  respiration  chaml  >er  is  descril^ed  as  a  respiration  calorim- 
eter; some  of  the  results  obtained  from  its  use  are  referred  to  later  on. 

The  Effect  of  Non-proteid  Food  on  Nitrogen  Equilibrium. — 
By  use  of  the  methotls  referred  to  above  the  general  influence  of 
the  non-protcid  foods  (fat.s,  carbohydrates,  alVnmiinoids)  upon  the 
prfiteid  consumption  of  the  body  has  been  made  evident.  An  ani- 
mal may  Ije  brought  into  nitrogen  equilibrium  on  proteid  food  alone, 
the  amount  of  pmteid  refpiired  being  relatively  large.  If  now  the 
proteid  food  is  mbced  with  any  of  the  non-proteid  foodstuffs  it  is 
found  that  the  amount  of  proteid  necessar\'  to  maintain  nitrogen 
equilibrium  may  be  reduced  corres]X»ndingIy.  With  reference  to 
the  consumption  of  proteid  in  the  body  the  non-prot^id  foods  are 
all  proteitl'itjHmrs.  and  herein  lies  one  great  peculiarity  of  their  nu- 
tritional value.  On  a  mixed  diet  of  protaid  and  n<in-proteid  food 
the  pn»iK)rtion  of  the  latter  may  be  increased  and  tiiat  of  the  former 
decreased  to  a  marke<l  extent  without  breaking  down  nitrogen 
equilibrium, — that  is,  without  causing  a  loss  of  proteid  tissue  from 
the  body.  'J'his  fact  is  explained  by  the  consideration  that  the  pro- 
teid of  our  food  fultills  two  general  functions:  Its  metalxilisin  or 
its  oxidation  furnishes  energ>*,  especially  heat  encrg>'  to  the  body, 
and,  nioret)Ver,  a  ptjrtion  of  it  is  used  to  reconstruct  the  living  proto- 
plasm that  breaks  down  in  the  functional  activity  of  the  tissues. 
The  non-proteid  food  also  furnishes  heat  energy*  and  work  energ>\ 
and  to  a  large  extent  at  least  can  replace  this  part  of  the  function 
ftUtillod  hy  tlie  proteid. 

The  Nutritive  History  of  the  Proteid  Food. — The  digestive 

changes  undergone  by  proteid  and  its  subsequent  absi^^>rption  have 

been  described  in  the  section  on  digestion.     It  will  l>e  remend^orwl 

*  Atwater,  Bulletins  45, 63,  60,  United  States  Depnrtmeiit  of  .\gricultur«. 
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that  the  products  of  protciil  digestion  are  absorbed  mainly  into  tbe 
blood-vessels  of  the  int<?stine,  and  therefore  must  pass  through  the 
liver  before  reaching  the  general  circulation.  It  will  also  be  reineni- 
bere<l  that  we  are  as  yet  ignorant  of  the  preoi.se  fomi  in  which  these 
products  enter  the  ixjrtal  blood  This  deficiency  in  our  knowledge 
constitutes  a  serious  obstacle  to  a  satisfactor>'  explanation  of  the 
nutritional  history  of  the  proteid.  Three  general  views  have  been 
advanced  concerning  the  ultimate  fate  of  the  absorbed  material. 
In  two  of  these  theories  it  is  assumed  that  the  digested  material  is 
^nthesized  into  a  new  proteid,  l^efore  or  after  al^sorption,  being 
converted  into  what  we  might  call  a  body  protcitl  clmracteristie  of 
the  animal.  Although  it  is  not  specificulty  stated,  the  assumption 
seems  to  lie  that  this  body  proteid  is  the  serum-albumin  of  the 
animal's  blood. 

Accepting  this  general  assimiption,  one  theor>',  advocated  by 
Pfliiger,  supposes  that  before  imdergniuK  i>hysioU)gical  oAidation 
all  of  tliis  absorlied  material  is  built  up  into  the  living  protoplasm 
of  the  various  tissues  and  then  undergoes  the  characteristic  metab- 
olism (catabolism  or  disassimilation)  of  (hat  tissue. 

The  second  theory',  advanced  by  Voit,  assumes  that  some  of  the 

abeorl)ed  material  is  assimilated  to  forn^  living  protoplasm,  so  far 

as  this  is  necessiiry  to  re[)tace  the  wastes  of  the  tissue  or  to  provide 

new  material   f(»r  gn>\vth.    The  |x>rtion  of  the  absorlie<l  pn^teid 

that  subserves  this  function  is  designated  as  tissue  pro(dd.     It  is 

obvious  that  this  function  can  not  be  replaced  by  the  non-proteitj — 

tliat  Is,  the  non-Tiitrogenous — foo<lstufi"s.     The  larger  |x>rtion  of  the 

absorbed  material,   howevej.   after  distribution   to   the   tissues  is 

destroyed,  with  hF>eration  of  heat,  under  the  influence  of  the  activity 

of  the  living  cells,  but  without  actually  becoming  transfonued  into 

living  matter.     The  cells  act  toward   this  material  as   the  yeast 

cells  do  toward  the  sugar  that  they  (iecompose  into  alcohol  and 

carbon  dioxid.    The  portion  of  the  prfjteid  that  undergoes  this  fate 

is  designated  as  the  drcuhiinfi  pnttcid  on  the  hypothesis  that  it 

enters  the  circulating  lif|uidsof  the  lx>dy,the  blood  and  lymph,  and 

is  carried  around  in  them  until  destroyed  by  the  tissues. 

The  third  general  point  of  view  ha.s  not  Ijeen  formulated  very 
definitely,  but  represents  perhaps  the  trend  of  mmlem  investigation. 
According  to  this  theor>',  the  split  products  of  proteid  digestion, 
the  monamido-  and  diamido-bodies — leucin.  tyrosin,  arginin.  etc. — 
are  not  wholly  built  up  into  a  new  body  proteid.  Some  of  the  ma- 
terial must  be  so  synthesize<:l,  either  in  the  intestine  or  in  the  tis- 
sues, to  provide  material  for  the  regeneration  of  the  wastes  of  the 
body,  and  it  will  be  remembered  that,  as  stated  by  Abderhalden 
p.  7')S),  there  is  some  evidence  that  a  portion  of  the  protei<l  mole- 
cule during  digestion  is  not  broken  up  into  the  ultin)at«  spUt  prod- 
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ucta,  but  remains  in  the  more  or  less  complex  form  indicated  by  the 
term  polyi^eptici.  This  portion  may  serve  as  a  nucleus  for  the 
reconstruction  of  a  body  pn>teid  suitable  for  assimilation  into  ihe 
living  structure  of  the  cells.  On  the  other  hand,  it  Is  known  that 
some  of  the  split  products  of  the  digestion  of  prot«id. — the  aui- 
monia,  the  leucin,  etc., — when  circulated  through  the  liver,  give 
riw  to  ure.a.  Since  the  split  products  of  proteid  digestion  are  car- 
ried Hi  once  t-o  the  liver,  it  is  possible  that  this  fate  overtakes  them, 
and  thiit  the  nitrogen  contained  in  them  is  at  once  converted  to  urea 
and  prepared  for  elimination,  while  a  portion  of  the  rest  of  the  mole- 
cules from  which  the  nitn^gen  is  thus  removed  is  retained  in  the 
body  to  he  subseiiuently  oxidized  and  furnish  heat  energ;>'.  litis 
non-nitrogenous  residue  may  first  l)e  converted  to  sugar  or  fat  before 
its  final  oxidation.  The  characteristic  feature  of  this  view  is  the 
belief  that  a  large  |)art  of  the  nitrogen  of  the  proteid  food  Is  promptly 
converted  to  urea  anrl  Is  eliiiiiniited  heffire  becoming  a  part  either 
of  the  living  proteid  ur  the  circulating  protei*!  of  the  lx)dy.  This 
view  seems  to  be  oiijKtsed  to  our  conceptions  of  the  importance  of 
proteid  foods,  but  it  is  in  harmony  with  the  surprising  fact  that  the 
digestive  enzj-mes  are  aihtpteil  to  split  the  proteid  molecule  into 
what  we  may  call  its  ultimate  pnxlucts,  the  relatively  simple  amido- 
Iwdies,  and  moreover  that  most  o(  the  proteid  food  taken  into  our 
bodies  reappears,  so  far  as  its  nitrogen  is  concerned,  in  a  few  hours 
as  urea  in  the  urine. 

Folin*  has  calle<l  attention  to  the  fact  that  the  proportions 
of  the  different  nitrogen  compounds  in  the  urine  var\'  with  the 
amount  of  proteid  food.  I'pon  an  average  diet  containijig  16  to 
17  gms.  of  nitrogen  (100  to  106  gnis.  of  usable  proteid)  the  urea 
fomvs  87  to  8S  per  cent,  of  the  total  nitrc»gen  of  the  urine,  while  when 
the  prf)tei(l  intake  is  reduced  to  3  or  4  gms.  of  nitrogen  the  urea  forms 
only  61  to  62  i>er  cent,  of  the  total  nitrogen  of  the  urine.  On  the 
other  hand,  the  creatinin  and  the  purin  bodies  (uric  acid,  xanthin, 
etc.)  are  not  diminished  in  amount  with  a  decrease  in  the  proteid 
food.  He  suggests,  therefore,  tluLt  (lie  latter  bodies,  creatinin  and 
purin  bases  and  i>erhaps  a  [xirl  of  the  other  nitrogenous  waste  prod- 
ucts, represent  the  waste  of  the  breaking  <iown  of  the  living  tissues, 
the  catabolism  or  wearand  tear  of  the  living  machinery'.  The  urea, 
on  the  other  hand,  represents  in  large  part  the  nitrogen  of  that  por- 
tion of  the  pnjteiil  food  which,  from  the  present  point  of  ^iew,  is 
hvtiroly?,ed  during  digestion  into  the  sjilit  pnxlucts  and  is  changed 
to  urea  in  the  liver. 

The  Amount  of  Proteid  Necessary  for  Normal  Nutrition— 
Luxus  Consmnption. — As  was  stated  alx»ve.  nitnigen  equilibrium 
may  be  maintained  on  dilTerent  amounts  of  proteid  food.     It  is 

♦  Folin.  "American  Jounml  of  Physiology,"  13.  45,  00,  aud  111,  1905. 
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important,  from  a  scientifio  and  from  an  economic  standpoint,  to 
determine  the  low  limit  for  tliis  eiiuiliiiriuin  aiul  Ui  ascert^iin  whether, 
for  the  purposes  of  the  l>est  as  well  as  the  most  economical  nutrition, 
this  low  limit  is  as  good  as  or  preferable  to  a  lusher  amount  uf  pro- 
teid  in  the  diet.  Examination  of  the  dietaries  of  civilized  races 
shows  that,  on  the  average,  KKI  to  12()  gms.  of  prc>teidare  used 
daily  by  an  adult  man.  V'oit  gives  IIS  ^ms.  of  proteiil  as  the  average 
daily  consumption.  A  variable  portion  of  thia  amount  pass&s  into 
the  feces  in  undigested  form,  hut  we  may  assume  that  about  105 
gms.  are  absorbed  and  actually  metabolized  in  the  Itody.  Ex[H;ri- 
mentd  show,  however^  that  a  man  may  exist  in  go(xi  health  uiwm 
a  much  smaller  amount  per  day.  as  little  as  20  to  4(>  gnis.  ,*  provided 
the  Don-proteifl  portion  of  tlie  ttiet  is  increased.  The  Cjuestion  is 
whether  the  large  excess  of  proteid  above  what  is  actually  necessary 
for  nitrogen  equilibrium  is  beaeficial  to  the  body  or  is  harmful,  or 
lastly  is  merely  a  waste^  or  as  the  older  physiologists  called  it,  a 
Itixus  consumption.  The  facts  at  our  comnmnd  at  present  are  in- 
sufficient to  give  a  final  answer  to  this  cjuestion.  On  the  one  side, 
we  have  the  following  facts:  Some  oI>servers  (Munk,  Rosenheim), 
from  experiments  made  upon  dogs,  stat€  that  when  a  low  prtHeid 
diet  is  maintained  for  some  time  the  animals  show  a  marketl  dis- 
turbance in  digestion  and  absorption,  which  may  tenninatc  in 
death.  The  fact  that  mankinil  universally  under  the  guidance  of 
the  self-regulating  apjjetite  has  adopted  a  high  level  of  proteid  food 
must  also  be  allowed  to  have  considerable  weight.  With  our  im- 
perfect knowledge  of  all  the  conditions  it  is  dangerous  to  assert 
that  this  outcome  of  the  processes  of  natural  selection  is  without 
important  significance.  There  is  also  the  fact  that  in  the  modern 
treatment  of  tulnTt^ulosLs  high  feeding  with  proteids  constitutes  a 
factor  to  which  much  importance  is  attributed.  The  inference  seems 
to  be  that  such  a  diet  increases  the  power  of  resistance  of  the  tissues 
toward  invading  micro-organisms.  l)n  the  other  side,  we  have  the 
evidence  of  numcrt)U.H  investigators  who  have  experimented  upon 
themselves  that  a  proteid  diet  much  smaller  than  that  ortlinarily 
used  sufhces  to  maintain  normal  nutrition.  Chittenden,  especially, 
in  the  careful  work  alrca?iy  referred  to»  has  shown  that  men  in  various 
walks  in  life,  students,  athletes,  soldiers,  may  l>e  well  nourishetl, 
without  loss  of  strength  or  impairment  of  the  feeling  of  well-being, 
on  a  diet  containing  30  to  50  gms.  of  proteiil  instead  of  118  gins. 
These  ol)ser\'ers  believe  that  the  excess  of  proteid  usually  employed 
is  undesirable  in  that  it  increAsea  the  amount  nf  injurious  nitrog- 
enous waste  products,  that  it  thnjws  an  unnecessary'  amount  of 
labor  upon  the  excret<iry   organs,   and    that    it  increases  the  px>»- 

*  Commit  Chittentlen,  "  Physiological  Economy  in  Nutrition,"  New  Yotk, 
1905,  for  diACUAsion  and  literature. 
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sibility  of  the  formation  of  toxic  products  in  the  intestines  from 
putrefactive  processes,  etc.  It  may  be  said,  however,  that  although 
these  experimenters  have  shown  that  normal  conditions  may  be 
maintainefi  for  six  montlis  to  a  year  upon  a  low  proteld  diet,  they 
d\*  iiift  ilemoiistrate  satisfactorily  that  a  larger  proteid  diet  is 
actually  attende^l  by  evil  {'oiise<[uences. 

The  Specific  Character  of  the  Proteid  Metabolism. — From 
the  fact  that  the  nitrogen  is  eliminated  from  the  body  in  v&noufl  i 
forma — ammonia  comjKnmds,  urea,  creatinin,  purin  bodies,  et^. — 
we  may  infer  that  the  specific  metabolism  varies  in  the  different 
tissues  and  imder  difTerent  conditions.  The  steps  or  stages  of  this 
metalxilism  are  not  completely  known  in  any  case,  but  the  follow- 
ing suggestions  have  been  developed  by  experimental  work.  L'rea 
arises  in  part  in  the  liver  by  a  conversion  of  ammonia  salts. — for  ex- 
ample, anunoniuni  carjjamate  or  carbonate  (p.  754).  The  ammonia  ' 
salts  in  tuni  may  arise  in  the  tissues  by  a  process  of  hydrol>tic 
cleavage  giving  origin  to  amido-bodies. — leucin,  glycocoll,  etc., — 
which  are  subsequently  oxidized  to  ammonia,  carbon  dioxid,  and 
water.    The  ammonia  and  carbon  dioxid  unite  to  form  ammonium 

carbamate,  ^^^\qkIj  -  which  is  then  dehydrated,  directly  or  in- 
directly, by  the  liver  txi  f()nn  un»a.  Or,  as  previously  described, 
some  of  the  aniido-bodies  formed  from  the  proteid  during  digestion 
may  be  camDti  tti  the  liver,  and  the  amido-group  l>e  split  off  to  form 
urea.  The  general  idea,  therefore,  is  that  the  nitrogen  of  the  pro- 
teid is  by  processes  of  hydrolysis  or  by  hydrolysis  and  oxidation 
converted  to  anunonia  salts  and  then  to  urea.  Ammonia  com- 
ixnmtls  are  foun<l  in  the  blood,  particularly  in  that  of  the  portal 
vein,  and  these  compounds  increase  in  quantity  when  the  liver  is 
removed  * 

I'ric  acid  and  the  other  purin  bodies  arise  probably  from  a 
metabolism  of  the  nuclein  material  contained  in  the  nucleoproteids  of 
the  bcidy,  but  the  processes  invulvetl  are  not  known.  Presmuably 
they  are  formed  from  nuclein  by  processes  of  hydrolysis  caused  by 
specific  enz^Tnes  or  by  the  more  direct  influence  of  the  living  tissue. 
In  the  laboratory  the  nuclcias  may  be  split  liy  the  hydrolytic  action 
of  acids  with  the  formation  of  purin  bases. 

The  creatinin  of  the  urine  is  formed  from  the  creatin  found  in 
muscular  tissue.  Presumably  thLs  creatin  is  derived  from  a  metab- 
olism of  the  living  muscular  tissue.  There  is  evirlence  to  show 
that  mcreased  muscular  activity  may  be  associated  i^ith  an  in- 
creased formation  of  creatin  (p.  759). 

*See  Nencki,  Pawlow,  and  Zaleski,  "  Archiv  f.  exp.  Pathologie  u.  Phai^ 
makologie,"  37,  26,  1895;  and  Neaoki  and  Pawlow,  **  Arcliives  dee  bciences 
biologiques,"  5,  213. 


OENERAL   MKTnODS — HISTORY   Or   PROTEID   FOOD, 

With  r^ard  to  the  non-nitrogenous  i>ortion  of  the  proteid  mole- 
cule the  evidence  to  sIkjw  ttial  it  niay  lie  I'onverteti  to  glycogen 
(sugar)  has  already  l)een  jc;iven  (p.  733),  while  the  views  regarding 
it«  conversion  to  fat  will  1k^  referred  to  in  the  following  cliapter  under 
the  head  of  Origin  nf  the  liody  Fat. 

Nutritive  Value  of  Albuminoids. — The  alhuniinoid  most  fre- 
quently occurring  in  food  is  gelatin.  It  is  derived  from  collagen 
of  the  connective  tissues.  Collagen  of  Ixjues  or  of  connective  tijisue 
takes  up  water  when  fioilotl  and  iiecomes  converted  into  gelatin. 
We  eat  gelatin,  therefore,  in  boiletl  meats,  souf)s.  etc,,  ami,  besides, 
it  is  frequently  employeil  directly  as  a  food  in  the  form  of  table 
g:elatin.  Collagen  has  the  following  i)ercentage  composition:  C, 
5().75  percent.;  H,  6,47;  N,  17.86;  (),  24.32;  S,  0.6,  It  rasembles 
the  proteid  molecule  closely  in  jjercent^vge  comix>sidon,  and  it  would 
seem  that  the  tissues  might  use  it  as  they  do  proteid  for  tlie  for- 
mation of  new  protojiliism.  Experiments,  howe\'er,  have  demon- 
strated clearly  tliat  this  i.s  not  the  case.  Animals  fed  n\xm  albu- 
minoids together  with  fats  and  carlx>hytlrates  do  not  maintain 
nitrogen  equilibrium.  The  final  result  of  such  a  diet  would  be 
continued  lass  of  weight  and  malnutrition  and  death.  Gelatin, 
however,  is  readily  digested,  gelatoses  and  gelatui  ]>cptones  and  event- 
ually sfmie  split  products  being  formed;  these  are  absorl>ed  and 
oxidized  in  the  l>od3%  with  the  fonnation  of  CO^,  H^O,  and  urea  or 
some  related  nitrogenous  pniduct.  Gelatin  serves,  then,  as  a  source 
of  energy  to  the  Ixnly  in  the  same  sense  as  do  carlxihydrates  and 
fats.  When  any  one  of  these  three  substances  is  used  in  a  diet, 
the  pro[K*rtion  of  pnjteid  ncH-essary  for  the  maintenance  of  nitrogen 
equiUbrium  may  l)e  reduced  greatly.  Actual  exi:»eriments  have 
shown  that  gelatin  is  more  efficacious  than  cither  fats  or  carbohy- 
drates in  i>roteclinp  the  f>njteid  in  the  lx>dy.  The  relative  value 
of  fats,  carbohydrates,  and  gelatin  in  protecting  proteid  from  de- 
struction in  the  bmly  Ls  illustrated  by  an  experiment  reported  l>y 
Voit:  A  dog  weighing  32  kgms.  was  led  alternately  upon  prf)teid 
and  sugar,  prot<*id  and  fat,  and  proteid  and  gelatin,  with  the  follow- 
ing resuh: 

NqURUHUKNT  (OUB.)  CAlyTVLATCD    DbHTIICCTIOK   OF 

Sugar.  Flkah  i:v'Rody  (Oim.). 


MftAT. 

400 
400 
400 


Gklatin. 


200 


Fat. 
200 


250 


450 
439 
.366 


Practically,  however,  the  use  of  gelatin  in  diets  is  restricted  by  its 
unpalatableness  when  employetl  in  large  i|uantities.  Whatever  may 
be  the  physiological  cause  of  this  peculiarity,  there  seems  to  be  no 
doubt  that  when  use<i  largely  in  the  diet  lx>th  animals  and 
men  soon  develop  such  an  aversion  to  it  tliat  it  is  necessary  to  dis- 
continue its  use.    Munk  has  attempted  to  determine  how  far  the 
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proteidfi  of  food  may  be  replaced  by  gelatin.  In  his  experiments 
a  dog  was  brought  into  a  condition  of  nitrogenous  equilibrium  upon 
a  diet  of  meat,  rice,  and  lard,  containing  9.73  gms.  of  nitrogen. 
During  the  period  this  diet  was  continued  the  animaK  whose  weight 
was  16.5  kgms.,  was  oxidizing  in  its  IxKly  3.7  gms.  of  proteid  daily 
for  each  kilogram  of  weight.  In  a  second  period  lasting  four  days 
the  quantities  of  rice  and  lard  were  the  same  as  before,  but  the  pro- 
teid in  the  diet  was  reduced  to  8.2  gms.,  or  1.3  gms.  of  nitrogen;  the 
balance  of  the  necessary*  nitrogen  was  supplied  in  the  fonn  of  gela- 
tin, so  that  in  round  numbers  only  one-seventh  of  the  required  daily 
amount  of  nitrogen  was  given  as  proteid.  The  result  was  that  the 
animal  maintained  its  nitrogen  equilibrium  for  the  short  periml 
stated.  It  was  found  that  the  experiments  could  not  be  continued 
longer  than  four  days,  owing  to  the  growing  dislike  of  the  animal 
for  the  gelatin  food.  During  the  second  period  the  animal  was 
recei\ing  in  its  ft>od  and  burning  in  its  body  only  0.5  gm.  of  pro- 
teid daily  for  each  kilogram  of  weight,  as  against  3.7  gnw.  upon 
.  a  normal  diet. 
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CHAPTER  XT.Vin. 
NUTRITIVE  HISTORY  OF  CARBOHYDRATES  AND  FATS. 


The  Carbohydrate  Supply  of  the  Body. — The  available  carbo- 
hydrate material  of  the  l>ody  consists  of  the  gh'cogen  found  in  the 
tissues,  especially  in  the  Hver  (1  to  4  per  cent,  or  more)  and  mus- 
cles (0.5  per  cent.),  and  the  sugar  formed  from  this  glycogen  and 
present  constantly  in  the  blood  to  the  amount  of  OA  to  0.15  per 
cent.  In  addition  it  is  believed  that  tluring  starvation  gl}'cogen 
or  sugar  may  be  made  from  the  protoid  tissues  of  the  body,  and 
possibly  also  from  the  body  fat,  although  this  latter  source  is 
doubtfid.  The  supply  of  glycogen  under  normal  conditions  is  main- 
tained chiefly  by  the  carboh>"drate  food.  As  was  explained  in  the 
section  on  digestion,  the  starches,  sugars,  gums,  etc.,  whicli  con- 
stitute the  carbohydrate  foodstuffs,  are  eventually  absorbetl  into  the 
blood  as  simple  sugars,  chiefly  dextrose,  hut  probably  also  some 
levulose  and  galactose.  These  simple  sugars  constitute  the  important 
glycogen  formers.  There  is  still  some  difference  of  opinion  as  to 
whether  all  proteids  are  capable  of  yielding  glycogen  to  the  body. 
Some  physiologists  believe  that  aft«r  the  nitrogen  is  split  off  to  form 
urea,  the  non-nitrogenous  portion  of  the  molecule  may  be  con- 
vertetl  to  glycogen  in  the  li\'er.  Others  hold  that  only  those  pro- 
teids,  such  as  egg-albumin,  which  contain  a  cari>ohydrate  grouping 
in  the  molecule  are  capable  of  yielding  glycogen  in  the  body.* 
Whether  the  fats  of  the  food  may  serve  as  a  source  of  glycogen  is 
also  an  open  ciuestion,  but  the  l^alance  of  evidence  is  probably 
against  such  a  new.  The  store  of  glycogen  in  the  lK)dy  is  about 
equally  di\nded  l3€tween  the  liver  and  the  muscular  tissues,  but  the 
regulation  of  the  supply  of  sugar  to  the  blood  is  usually  attributed 
to  the  liver:  This  r<^dation  is  adjusted  so  that  the  percentage  of 
sugar  in  the  blood  is  kept  astonishingly  constant,  not  only  during 
the  conditions  of  ordinary'  living,  but  umlcr  such  an  abnomal  con- 
dition as  prolonged  starvation.  It  is  assimied  that  this  regulation 
is  effected  mainly  by  an  enzvTiie  former!  in  the  liver  cells  which 
converts  the  glycogen  to  dextrose  in  propfjrtion  as  the  sugar  of  the 
blood  is  used  up  by  the  tissues. 

The  Final  Fate  of  the  Carbohydrate  of  the  Body. — Eventually 

♦  See  Pfliiger.  in  "  Archiv  f.  die  gesammte  Physiologie, "  96,  1,  1903,  for 
literature  and  discussion. 
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the  carljohydrate  of  the  body  is  oxidized  in  the  tissues  with  the 
fonnation  of  carbon  dioxid  and  water.     Much  uncertainty  prevails,  3 
however,  as  to  the  steps  and  means  by  which  this  oxidation  isj 
effected.     Reference  has  already'  been  made  to  the  important  fact] 
tliat  the  internal  secretion  of  the  pancreas  (islands  of  Langerhans)j 
is  necessan'  to  this  process.    According  to  Cohnheim's  experiment«,i 
thi?  secretion  furnishes  an  activating  substance  which  enables  it 
enzymes  of  the  muscles  and  other  tissues  to  attack  the  sugar.     While^ 
the  matter  is  still  one  for  investigation,  the  trend  of  recent  work 
indicates  that  the  sugar  is  broken  down  and  oxidized  by  the  suc- 
cessive action  of  a  number  of  enzraies,  with  the  fonnation,  there- 
fore, of  a  numlx*r  of  intermediate  product^.*    The  fiist  step  seemsi 
to  be  a  conversion  to  lactic  acid 

QH«0.  =.  2C,H,0, 

under  the  influence  of  an  enzyme  (lactolase  or  zymase).     The  lactio  1 
acid  is  then  split  into  alcohol  and  carbon  dioxid 

C,H,0,  ^  CO,  -f  CjH^oH 
Lactic  Bad.  Etbyl-ucobnl. 

by  the  action  of  another  enz\ine  (alcoholase  or  lactacidase),  and 
finally  by  the  action  of  one  or  more  oxidizing  enzymes  the  alcohol 
is  oxidizal  to  carbon  dioxid  and  water.     Whether  or  not  this  speciSc 
process  takes  place  in  normal  metabolism  must  be  determined  by  j 
future  work.     We  are  certain  at  present  only  of  the  fact  that  the] 
final    products   are   carbon  dioxid   and  water, — that  L'?.   complete' 
oxidation  products. — and  that  in  some  way  the  interna!  secretion 
of  the  pancreas  is  essential  to  the  process,  either  in  the  way  indi- 
cated above  or  in   controlling  the  activity  of  the  enzvTiie  in  the 
liver  which  converts  tlie  glycogen  to  sujrar. 

The  Temporary  Fate  of  the  Carbohydrate  in  the  Tissues. — 
The  sugar  absorl)ed  from  the  alimentaiy  canal  may  be  stored  in 
the  body  in  two  forms:  First,  as  explained  above,  it  may  be  changed 
to  glycogen;  or,  second,  it  may  be  converted  into  fat  and  thus  lie 
stored  in  more  jiermanent  form.  Nutritive  experiments.  descril>ed 
below,  leave  no  doubt  that  the  fat  of  the  body  may  be  formed  from 
carbohydrate  food.  It  is  stated  that  the  fat  that  has  this  origin, 
carl>ohydrate  fat.  is  of  a  more  solid  consistency — that  is,  has  a  laiT^ 
I^ercentage  of  palmitin  and  stearin — than  the  fat  coming  from  other" 
sources. 

Functions  of  the  Carbohydrate  Food. — ^The  general  value  of 
the  carbohydrate  food  to  the  organism  may  be  considered  under 
three   heads:     (1)   It  furnishes  a  source  of  energy-   for   musciilar 

•  See  Biichner  Atid  Meiseiiheiiner,  "  Beridite  (1.  deutiich.  chem.  GepeU- 
schafl,"  38,  620,  1905;    and  Stokla^e,  .7>td.,  p.  6(U. 
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work.  It  wili  be  remembered  tliat  the  gI\cogen  of  a  muscle  dis- 
appears in  pro[x>rtit)n  k»  the  work  done  by  the  musc!e,  anti  imleed 
prolonged  nuuscuUir  work,  especially  during  starvation,  niay  Avipe 
out  quickly  the  entire  store  of  glycogen  in  the  body,  in  the  liver  as 
well  as  in  the  muscles.  It  is  usually  l>elieved,  therefore,  that  the 
oxidation  of  the  sugar  fiiniishes  energ>*  which  by  the  machinery 
of  the  muscles  is  utilized  to  do  work, — that  is,  to  cause  nuiscular 
contractions.  It  seems  prolmbie  that  untler  nonnal  conditions  this 
material  furnishes  the  main,  if  not  the  sole  source  of  energy  for 
muscukr  work.  (2)  The  oxidation  of  the  sugar  fumislies  an  im- 
portant part  of  the  constant  supply  of  heiit  needed  by  the  body. 
Each  gram  of  sugar  on  oxidation  yields  4  Calories  of  heat,  and, 
since  the  cari)o}iydrates  fortu  the  largest  part  of  our  diet  anil  are 
easil\-  oxiilizcd  in  the  bo<ly,  they  must  \ie  regardetl  as  an  especially 
availal)le  material  for  keeping  up  the  supply  of  animal  heat.  The 
largest  jmrt  of  the  energ>'  liberated  by  the  oxitlation  of  sugar  in  the 
muscles  during  contraction  takes  the  fomi  of  heat,  and  even  dur- 
ing muscular  rest  the  condition  of  tone  is  probably  attendetl  by  a 
constant  oxidation  of  this  material.  (3)  The  oxidation  of  the  sugar 
pn>tec:ts  the  proteid  of  the  bofiy.  Attention  has  alreatly  been 
called  to  the  fact  that  an  animal  may  be  kept  in  nitrogen  equilibrium 
on  a  much  smaller  pmteid  diet  provided  carbohydmtes  (or  fats) 
are  also  eaten.  One  may  say,  in  fact,  that  as  the  earbohjidrate  footl 
is  increaseti  the  proteid  food  may  be  diminished,  down  to  a  certain 
irreducible  minimum.  From  the  chemical  composition  of  carbo- 
h}'dnites  it  is  evitlent  that  the>'  alone  can  not  serve  to  build  up  pro- 
toplasm. Sf)me  proteid  food  is  aljsolvitely  neeessan*  for  the  repair 
of  tissue  or  the  prfxiuction  of  new  tissue  during  growth.  An  ani- 
mal fett  on  carbohydrate  food  alone,  no  matter  how  abundant  the 
supply,  would  eventually  starve  to  ileath.  Within  the  limits  speci- 
fied, liowever,  the  carimhydrates  are  proteid-sparers ;  the  energv' 
provided  by  their  oxidation  keeps  up  the  supply  of  heat  and  enables 
the  muscles  and  probably  the  other  tissues  to  function  normally, 
and  to  this  extent  protects  the  hvinp;  proteifl  from  consumption  and 
enables  us  to  reduce  the  proteid  malerinl  in  our  diet.  The  im- 
portance of  the  carlx)hy(hTites  in  nutrition  is  illustratetl  in  a  strik- 
ing way  by  the  facts  in  dial^ctes.  I>ial>etes  occurs  in  man  (diabetes 
mellitus)  as  a  pathological  condition  which  in  sfime  cases  at  least 
is  referable  to  a  lesion  of  the  pancreas.  As  already-  described,  it 
may  also  be  produced  in  dogs  and  other  animals  liy  removal  of  the 
pancreas  (pancauitic  diabetes).  Under  both  conditions  when  com- 
plete the  carbohydrates  eaten  are  not  oxidized  in  the  lx>dy,  but  are 
elijiiinated  as  sugar  in  the  urine.  Corresponding  to  the  loss  of  this 
source  of  energy  an  increased  amount  of  proteid  is  net^essary  in  the 
%  diet,  and  adding  carlx)hydrate  to  the  food  in  such  cases  does  not 
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alt^r  the  nitrogen  elimination  in  the  urine.  The  diabetic  condition 
may  be  pnaluced  in  other  ways  the  most  interesting  of  which  is  by 
the  administration  of  phloridzin, — a  vegetable  glucosid  obtained 
from  the  r(x>tJ3  of  certain  trees  (apple,  pear).  The  cause  of  phlo- 
ridzin  dialjet<.*s  is  not  entirely  known,  but  the  general  view  is  that 
the  glucosid  acts  upon  the  kidney  and  rendera  it  more  permeable, 
so  that  the  sugar  of  the  blood  escapes  into  the  urine,  or.  on  the 
other  hand,  it  may  affect  the  condition  of  the  sugar  in  the  blood  so 
as  to  make  it  pass  through  the  kidnej*  more  easily.  The  diabetes 
in  tliis  case  has  obviously  a  different  cause  from  that  of  pancreatic 
diabetes,  but  by  repeated  use  of  the  drug  the  loss  of  carbohydrate 
to  the  body  rmiy  l>e  made  complete.  If  the  animal  is  fed  only  on 
proteid,  proteid  and  fat,  or  is  star\*ed  so  that  he  is  living  on  the 
j>roteid  and  fat  of  his  own  body  the  drug  still  causes  the  appear- 
ance of  large  quantitie^s  of  sugar  in  the  urine.  Lusk*  finds  under 
such  conditions  that  the  amount  of  dextrose  in  the  \uine  bears  a 
definite  ratio  to  the  amount  of  nitrogen, — D  :  N  ::  3.65  :  1.  He 
believes  that  the  establislunent  of  this  ratio  is  an  indication  of  a 
complete  inability  of  the  tissues  to  use  sugar.  A  similar  ratio  has 
been  obtained  in  the  urine  of  individuals  suffering  from  a  severe 
and  eventually  fatal  form  of  diabetes  mellitus.  Assuming  that 
the  sugar  is  these  cases  conies  entirely  from  the  proteid  of  the  foo(i 
or  of  the  tissues,  this  ratio  would  indicate  that  58.4  per  cent,  of  the 
proteid  molecule  may  be  converted  to  sugar  in  the  body. 

Nutritive  Value  of  Fats. — The  fats  of  food  are  absorbed  into 
the  lactoals  chiefly  as  neutral  fat-s, — the  so-called  chyle  fat.  They 
eventually  reach  the  blood  in  this  condition,  and  are  afterward  in 
some  way  oxidized  b\'  the  tissues.  The  final  products  of  their 
oxidation  are  the  same  as  when  burnt  outside  the  body — 
namely.  CO,  and  H/) — and  a  corresponding  amount  of  energ>'  must 
be  liberated,  Speaking  generally,  then,  the  essential  nutritive 
value  of  the  fats  is  that  they  furnish  energ\'  to  the  body,  and,  from 
a  chemical  standpoint,  they  must  contain  more  available  energy, 
weight  for  weight,  than  the  proteids  or  the  carl)ohydratea.  In  a 
well-nourished  animal  a  large  amoimt  of  fat  is  found  nonnally  in 
adijxise  tissues,  particularly  in  the  so-called  "panniculusadiposus" 
beneath  the  skin,  and  in  the  folds  of  the  peritoneum,  etc.  Physi- 
ologically, this  body  fat  is  to  be  regarded  as  a  resen^e  supply  of 
nourishment.  When  foo<i  is  eaten  ami  ab9orl)ed  in  excess  of  the 
actual  metabolic  processes  of  the  body,  the  excess  is  stored  in  the 
adipose  tissue  as  fat,  to  be  drawn  upon  in  case  of  need — as,  for 
instance,  during  partial  or  complete  starvation.  A  8tAr\'ing  animal, 
aft-er  its  small  supply  of  glycogen  is  exhausted,  lives  entirely  upoD 


*  See  Lusk  and  coworkers,  "American  Journal  of  Physiology,' 
iii,  and  x;  also  "  Deuteches  Archiv  f.  klin.  Med.,"  SI,  472.  1904. 
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body  proteids  and  faU;  the  larger  the  supply  of  fat,  the  more 
effectively  will  the  proteid  tissues  be  pratectei.l  fn>iii  destruction. 
In  accordance  with  this  fart,  it  has  been  sho^vn  that  when  subjected 
to  complete  starvation  n  f/it  animal  survives  longer  than  a  lean 
one.  Our  supply  of  fat  is  cailetl  upon  not  only  during  complete 
abstention  from  food,  but  also  whenever  the  diet  is  insuflicient  to 
cover  theoxidatioas  of  the  body,  as  in  deficient  footi,  sickness,  etc. 

The  Fate  of  the  Fat  in  the  Tissues. — The  fat  absorbed  as 
food  may  temixjrarily  sul^ser\-e  several  different  purposes:  (1)  It 
may  be  oxidized  with  the  formation  of  heat  energ>'.  (2)  It  may 
be  stored  in  the  tissues  as  part  of  the  body  fat.  (3)  It  may  be 
SATithesizeti  with  other  substances  to  form  some  more  complex 
constituent  of  the  body,  such  as  lecithin.  (4)  According  to  some 
authors,  it  may  serve  under  certain  conditions  as  a  source  of  sugar. 
This  latter  suggestion  is  not  sup|)orted  by  convincing  experiments. 
The  final  fate  of  the  fat  in  the  body  is,  however,  to  be  oxidized  to 
water  and  carbon  dioxjd.  The  nature  of  the  processes  involved 
is  not  understood.  It  is  generally  lielieved,  however,  that  the 
first  step  is  the  splitting  of  the  fat  into  fatty  acid  and  glycerin 
under  the  influence  of  the  lipase  found  in  so  many  of  the  tissues 
of  the  body.  The  fat  that  lies  in  the  .storage  tissues — skin,  peri- 
toneum, etc. — probably  does  not  undergo  (*xidation  in  these  places. 
In  times  of  need  it  is  absorbed  and  distributed  to  the  more  active 
tissues,  and  in  this  initial  pRx-cs-s  of  solution  it  is  probable  that  a 
regulative  influence  is  exerted  bv  tlie  lijwise  tis  suggeste^l  by  Ix>even- 
hart  (see  p.  fiW)).  That  is,  by  'i\^  reversible  action  this  enzyme 
may  control  the  output  of  fat  to  the  blooii,  as  the  supply  of  sugar 
in  the  blood  is  kejit  constant  by  the  diastatic  enz>'rae  of  the  liver. 
After  the  action  of  the  lipase  we  can  only  say  that  oxidation 
takes  place,  but  through  how  many  stages  is  not  kno\\ni. 

Origin  of  the  Body  Fat. — The  views  upon  the  origin  of  body 
fat  have  undergone  a  number  of  changes  in  the  last  fifty  or  sixty 
years,  illustrating  in  an  interesting  way  how  development  of  our 
experimental  methods  leads  often  at  first  to  half-tniths  which  are 
corrected  later  by  more  extensive  work.  Dunuis  and  others  (1S40) 
held  to  the  natural  view  that  the  fat  of  the  body  originates  directly 
from  the  fat  of  the  food.  Liebig,  applying  his  more  exact  metluKls, 
demonstrated  that  in  some  cases  at  least  this  source  is  insufficient 
to  account  for  all  the  fat.  The  fat  yielded  by  the  milk  of  a  cow 
for  instance,  may  be  greater  in  quantity  than  the  fat  contained 
in  the  food.  He  also  pointed  out  that  the  fat  of  each  species  of 
animal  is  more  or  less  peculiar,  the  fat  of  the  sheep  having  a  higher 
melting  point  than  pork  fat,  and  both  differing  in  composition  from 
the  fat  taken  as  food.  "In  hay  or  the  other  fo^ider  of  oxen  no 
beef  suet  exists,  and  no  hog's  lard  can  be  found  in  the  potato  refuse 
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given  to  swine. "  He  was  led  to  attribute  the  sf»urce  of  body  fat 
chiefly  to  the  carbohydrate  food,  and  this  l>elief  a)^:reed  well  with 
the  experience  of  agriculturists  as  to  the  use  of  such  foods  in  fatten- 
ing animals  for  market.  This  view,  in  turn,  was  displaced  by  the 
theor>-  of  V'oit,  supported  by  elalwrate  fcetling  experiments.  Voit 
believed  that  the  fat  of  the  body  is  formed  mainly  or  entirely  from 
the  proteid  of  the  food,  the  carbohydrate  and  the  fat  of  the  diet 
being  useful  only  to  protect  a  part  of  this  proteid  from  oxidation. 
Voit's  exjjerimeats  have  been  shown  by  Pfliiger  to  have  been  Ijased 
upon  erroneous  analyses  of  the  meat  used  in  his  experiments.  Voit 
assumed  that  in  this  meat  the  ratio  -^  is  equal  to  1.34  to  1,37,  while 
Pfliiger  showed  that  it  is  lower,*  1.33,  The  modem  point  of  view 
is  that  the  fat  of  the  body  originates  partly  from  the  fat  of  the  food, 
particularly  in  carnivora,  and  partly  from  the  carbohydrate  of  the 
food,  esi)ecially  in  herbivora,  in  whose  diet  this  foodstuff  forms 
such  a  large  part.  Whether  under  any  circumstances  the  pro- 
teid footl  ma>-  also  serve  as  a  source  of  body  fat  is  still  an  open 
question,  decisive  experiments  being  lacking. 

Origin  of  Body  Fat  from  Food  Fat- — The  first  proofs  that 
the  food  fats  may  be  dep<isited  as  such  in  the  fat  tissues  of  the 
body  were  obtained  by  feeding  foreign  fats  to  dogs  and  demon- 
strating that  these  fats  can  afterward  be  recognized  in  the 
tissues  of  the  animals. f  Linseed  oil,  rape-seefl  oil,  and  mutton-fat 
were  used  in  these  experiments.  Secondly,  it  has  been  made 
probable  by  feeding  exjx'riments  tliat  the  normal  fat  of  the  food 
undergoes  a  similar  fate.  Thus.  Hofmann  used  a  dog  weighing 
26  kgms.  and  allowed  it  to  5tar\'e  until  it^  weight  was  reduced  to 
16  kgms.  It  was  then  fed  for  five  days  on  a  little  meat  and  large 
quantities  of  fat.  At  the  end  of  that  time  it  was  killed  and  anah'zetl. 
The  body  contained  135.S  gms.  of  fat,  of  which  onl}'  131  grns.  could 
have  come  from  the  proteid  used,  assuming  that  this  material 
can  8er\'e  as  a  fat  fonner.  Much  of  the  fat  found,  therefore,  was 
probably  derived  from  the  fat  of  the  food. 

Origin  of  Body  Fat  from  Carbohydrates.— That  the  body 
fat  may  have  this  origin  hixs  been  made  j)rol)able  or  certain  by 
feeding  experiments.  Thus,  Rul)ner  fed  a  dog  (5.89  kgms.)  for 
two  days  on  a  diet  of  sugar,  starch,  and  fat  whose  total  cartoon 
content  was  equal  to  176.6  gms.  During  this  period  the  animal 
excreted  S7.1  gms.  of  carl>on.  There  were  retainetl  in  the  Ixxly, 
therefore,  89.5  gms.  carbon.  The  fat  fed,  4.7  gms.,  contained 
(4.7  X  0.77)  3.6  gms.  C.    The  total  nitrogen  excreted  during  this 

*  Pflug:er,  "  Archiv  f.  die  (?esaininle  Phvsiologie,  *'  61,  229,  1892,  and  77, 
521,  1899. 

t  I-ebedeff.  "Cenlrulblatt  f.  die  met!.  Wiss.,"  8.  1881,  and  Munk.  "Vi^ 
chow's  Archiv,"  95,  407,  1884, 
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period  was  2.55  gnis.,  which  indicated  a  metabolism,  therefore,  of 
16  gms.  (2.53  X  6.25)  of  body  proteid.  Making  Ihe  iniprobablc 
afisumption  that  all  of  the  carbon  of  this  proteid  waa  retained  in 
the  IxKiy,  this  woiiUl  account  for  8.32  gms.  C  (16  X  0.52);  so  that 
3.6  +  8..32  or  12  gms.  C  might  have  originated  from  sources  other 
than  the  carbohydrate  of  the  food,  leaving,  therefore,  89.5 —  12 
or  77.5  gms.  of  C  which  could  have  arisen  unly  from  the  carbohy- 
drate. This  quantity  of  carlxjn  could  have  l*een  retained  only  as 
glycogen  or  fat.  Allowing  for  the  greaitest  possible  storage  of 
glycogen,  78  gms.  or  34.6  gms.  C\  there  would  still  remain  42.9  gms. 
of  C  which  could  have  been  retained  only  as  fat.  Xumerous  other 
fattening  experiments  of  different  kinds  have  been  made  in  which 
it  lias  been  shown  that  the  fat  laid  on  by  the  aniiiml  could  not  be 
accounted  for  by  the  fat  of  the  food  or  by  assuming  with  Voit  that  it 
originated  fmm  the  prfiteid.  The  combined  testimony  of  these 
exf)eriments  have  satisfied  physiologists  tliat  the  fat  tissues  can 
produce  fat  from  sugar.  The  cheniistrv'  of  the  change  is  not  under- 
stood and  can  n*>t  be  imitated  in  the  labonvtory. 

The  Source  of  Body  Fat  in  Ordinary  Diets. — For  the  pur- 
poses of  demonstration  the  exi>erimcnts  matle  to  prove  the  origin 
of  body  fat  from  carbohydrate  or  the  fat  of  footl  have  made  use 
of  abnormal  diets  and  conditions.  It  would  be  a  matter  of  practical 
intexest  to  ascertain  whether  upon  normal  diets  the  fat  of  tlie 
Ixxly  originate-s  most  easily  fnnn  the  fat  or  from  the  carbohyflnite 
of  the  focxi.  While  the  question  is  one  to  which  a  positive  answer 
can  not  l>e  given,  it  seems  to  be  probable  tliut  the  result  varies  with 
conditions  and  the  nature  o(  the  animal.  Experience  seems  to 
show  that  carnivorous  animals  can  he  fattened  more  easily  on  a 
fat  diet,  herbivora  on  a  carbohydrate  flict.  In  animals  like  our- 
selves there  is  reason  to  believe  that  the  carl Hihyd rates  are  more 
easily  and  more  quickly  destroyed  in  the  IxhIv  than  the  fats,  and 
that  therefore  the  latter  may  l>e  mr>re  readily  deposite<l  in  the  tis- 
sues, although  an  px**ess  of  rari>ohydrate  beyond  the  actual  needs 
of  the  body  may  also  be  preserved  in  the  form  of  fat  or  glycogen.* 

The  Cause  of  the  Deposit  of  Body  Fat— Obesity.— Our 
exj)erience  shows  that  individuals  differ  greatly  in  the  ease  with 
which  they  form  fat.  Some  u|x>n  relatively  small  diets  form  much 
fat,  while  others  remain  thin  in  spite  of  the  ingestion  of  large 
amoimls  of  food.  Voit  has  indicated  the  general  reason  for  this 
difference, — namely,  that  it  depends  upon  the  capacity  of  the  l>ody 
to  destroy  foo<^l  material.  When  food  is  supplied  and  absorbed 
in  excess  of  this  capacity  the  excess  is  stored  mainly  as  fat, 
and  to  a  small  extent  as  glycogen  or  as  new  proteid.  A  diet,  there- 
fore, which  will  give  such  an  excess  to  one  individual  may  in  the 

•Consult  ItoHcnfelc],  *'  r.rgebnis9e  der  Physiologic, "  rol.  i,  part  I,  1902. 
Complete  literature. 
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body  of  another  of  the  same  weight  be  all  consumed.  The  oxidizing 
capacity  of  the  body  differs  in  different  individuals  and  some  will 
lay  on  fat  more  readily  than  others,  Ixicause  for  them  an  excess 
of  material  is  provided  by  a  relatively  small  diet.  Fundamental 
differences  of  this  chanicter  in  the  properties  of  the  protoplasm  are 
frer|iiently  transmitted  by  hertMlity  through  many  generations, 
Thi>se  individuals  wIk)  show  little  tendency  to  lay  on  fat  may 
be  made  to  lIo  so  by  largely  increasing  the  amount  of  food,  or  more 
certainly  by  altering  the  mode  of  life.  A  sedentary  life,  absence 
of  worry,  etc.,  may  lead  to  a  tendency  of  this  kind,  while  a  ver>' 
active  muscular  life  has  the  opix>sit€  effect.  Men  wbo  lead  a  very 
muscular  life — farmers,  fishermen,  etc. — are  rarely  disposed  t«  ac- 
cumulate fat  to  a  noticeable  degree.  So  also  the  use  of  alcoholic 
l)everages  may  indirectly  favor  accumulation  of  fat,  presumably  by 
depressing  the  oxidizing  rapacity  of  the  ti.s.sues.  The  tendency  to 
form  fat  may  exhibit  it-vself  in  some  cases  to  such  an  extent  as  to  con- 
stitute an  almost  pathological  condition.  E.\treme  obesity  may  be 
counteracted  by  altering  the  mode  of  life.  es|>ecially  by  taking 
much  muscular  exercise,  or  more  directly  by  dieting.  The  diet  for 
such  purfx>ses  .should  be  reduced  in  amount,  and  should  be  as  free  as 
possible  from  fats  and  carbohydrates,  consisting  of  such  material 
OS  eggs,  fish,  lean  meat,  salads,  fruits,  etc.  The  welj-known 
Banting  diet,  devised  by  a  I^mdon  physician  (IS04)  for  the  cure 
of  obesity,  makes  use  of  this  latter  principle.* 

Summary  of  the  General  Functions  of  Fat. — The  general 
functions  fulfilled  by  the  fats  may  l>e  sumiruirized  briefly  under 
the  following  heads:  (1)  It  pn)vides  a  store  of  reser\'e  food  which 
is  used  by  the  bod>*  in  viisv  of  ileficicncy  of  food  or  complet-e  starva- 
tion. The  fattening  of  hibernating  animals  before  their  winter 
sleep  and  the  humps  of  the  camel  give  conspicuous  examples  of  this 
peculiarity.  (2)  By  its  oxidation  in  the  body  it  furnishes  a  part 
of  the  heat  energy  necess:iry  to  maintain  the  body  temperature. 
On  account  of  its  high  combustion  erfuivalent  (I  gm.  of  fat  yields 
9.3  Calorics)  fat  is  ver\'  effective  in  this  respect.  InhabitAnU 
of  cold  regions  choose  a  diet  rich  in  fat.  (3)  It  b  a  proteid-«aver. 
Like  the  carbohydrate  food,  its  oxidation  protects  the  prot-eid  from 
consumption.  In  starvation,  therefore,  the  amount  of  proteid 
destroyed  daily  is  smaller  as  long  as  any  fat  remain.s,  and.  under 
ordinary  conditions  of  life  the  larger  the  amount  of  fat  in  the  diet, 
the  less  the  amount  of  proteid  necessary  for  maintaining  the  body 
in  nitrogen  etiuilibrinm.  Exjjeriments  show  that  in  this  respect 
the  fat  is  not  so  effective  as  an  e<|uivalent  amount  of  carbohydrate 
food.  The  difference  is  referable  probably  to  the  greater  difficulty 
of  oxidation  of  the  fatty  material. 

♦  For  practical  direction.s  ronceniing  ihe  treatment  of  obesity  by  dietio^ 
Gautier,  *' L'alimentation  et  les  r^gimea."     Paris,  1904. 
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NUTRITIVE  VALUE   OF  THE   INORGANIC   SALTS  AND 
THE  ACCESSORY  ARTICLES  OF  DIET. 

The  Inorganic  Salts. — The  body  contains  in  its  tissues  and 
liquids  a  considerafile  amount  of  inorganic  material.  When  any 
organ  is  incinerated  this  material  remains  as  the  ash.  If  we  omit 
the  bones^  which  are  rich  in  Miincrul  materiul,  the  average  amount 
of  ash  in  the  body  amounts  to  ahout  0,1  jM?r  cent,  of  its  weight. 
It  consists  of  chlorids,  phosphates,  sulphates,  carbonates,  ttuorids^ 
or  silicates  of  potassium,  sodium,  calcium,  nmgnesium,  and  iron; 
iodin  occurs  also,  esijecially  in  the  thyroid  tissues.  In  the  liquids 
of  the  hoiiy  the  nuiin  salts  are  sottium  chkirid,  ^iodiiini  carbonate, 
sodium  ph<Msphate,  jxitassium  and  calcium  chlorii!  or  phosphate. 
In  considering  the  organic  foodstuffs  weight  was  laitl  uix>n  their 
value  as  sources  of  energy,  as  well  as  upon  their  function  in  con- 
atnicting  tissue.  The  salts,  on  the  contrary',  have  no  importance 
from  the  former  staudjH>int.  Whatever  cliemical  changes  they 
undergo  are  not  attended  by  any  liberation  fvf  heat  energy, — none 
at  least,  of  suflieient  importance  to  lie  considered.  They  have, 
however,  most  important  functions.  They  maintain  a  normal 
composition  and  osmotic  pressure  in  the  liquids" and  tissues  of  the 
body,  and  by  virtue  of  tlieir  usuiutic  pressure  they  ])lay  an  im- 
portant part  in  controlling  the  flow  of  water  to  and  from  the  tissues. 
Moreover,  these  salts  constitute  an  essential  part  of  tlie  composition 
of  Uving  matter.  In  some  way  they  are  bound  up  iik  the  structure 
of  the  living  molecule  and  are  necessary  to  its  normal  reactions 
or  irritability.  Even  the  proleitls  of  the  body  liquids  contain 
definite  amounts  of  ash,  and  if  this  ash  is  remove<l  their  properties 
are  seriously  altered,  as  is  shown  by  the  fact  that  ash-free  native 
proteids  lose  their  j>roperty  of  coagulation  by  heat.  The  ghihnlins 
are  precipilate^l  from  their  solutions  when  the  salts  are  removed. 
The  special  importance  of  the  calcium  salts  in  the  coagulation  of 
bhMxl,  and  the  curdling  of  milk  hiis  i)een  referreti  to,  as  aLs(»  the 
|>eculiar  part  played  by  the  calcium,  potassium,  and  sodium  salts 
in  the  rhythmical  cc^ntractions  of  heart  muscle  and  the  irritability 
of  muscular  and  nervous  tissues.  The  special  importance  of  the 
in»n  salts  for  the  production  of  hemoglobin  is  also  e\ident  without 
comment.  The  nutritive  importance  of  the  salts  in  the  diet  has 
been  demonstmted  by  direct  e\[jeriment. 
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Fatal  Effects  of  Ash-free  or  Ash-poor  Diets. — Dogs  have 
been  fed  (Forster)  upon  a  diet  coTuiKxsed  of  ash-free  fatis  and  carbo- 
hydrates, and  meats  which  had  been  extracted  with  water  until 
the  salts  had  been  much  reduced.  The  animals  were  in  a  moribund 
condition  at  the  end  of  26  to  36  days.  It  is  probable  that  they 
would  have  hved  longer  if  deprived  of  food  entirel}',  with  the  excep- 
tion of  water,  since  the  metabolL^tm  of  the  abundant  diet  provided 
aided  in  increusinj;  the  loss  of  salts  from  the  body.  Lunin  has 
descril>ed  experiments  which  indicate  that  some  at  least  of  our 
salts  must  be  provided  for  us  in  organic  combinations  sucli  as  are 
found  in  plant  and  animal  foods.  In  his  experiments  he  found 
that  mice  lived  well  on  a  diet  of  dried  cows*  milk.  If  fed.  Imwever, 
r>n  a  diet  containing  the  organic  but  ash-free  constituents  of  milk, 
— namely,  sugar,  fat,  and  casein, — together  with  the  extracted 
^Its  *tf  cows*  milk,  they  died  in  20  to  30  days. 

The  Special  Importance  of  Sodium  Chlorid,  Calcium,  and 
Iron  Salts. — Sodium  ohltrrid  occupies  a  peculiar  jxisition  among 
the  inorganic  constituents  of  oiir  diet,  in  that  it  is  the  only  one 
which  we  deliberately  add  to  our  foot!.  The  other  inorganic 
material  is  taken  unconsciously  in  our  diet,  but  although  s<xlhim 
chlorid  exists  also  in  our  food  in  relatively  larpe  quantities  we 
purj>osoly  add  more.  It  is  estimated  that  the  average  nian  in- 
gests from  2(J  to  3(1  gms.  a  day.  Tiiis  peculiarity  is  exhibited 
also  by  many  animals.  The  farmer  provides  salt  for  his  stock  and 
wild  animals  visit  the  salt-licks  constantly.  Bunge  has  called 
attention  to  the  fact  that  among  men  and  animals  this  desire  for 
salt  is  limiteil,  for  the  m^ist  part  at  least,  to  those  that  use  vege- 
table fond.  From  the  accounts  of  tnivelers  he  shows  that  when 
a  purely  animal  diet  is  used  there  is  no  <lesire  for  salt;  but  on  a  vege- 
table diet  there  is  a  craving;  for  it  which  may  V^ecome  very*  intense 
and  unpleasant  when  circumstances  prevent  its  being  obtained. 
He  offers  an  ingenious  explanation  for  this  relation.  Most  vege- 
tables contain  a  large  amount  of  pcitassium  salts,  and  in  the  blood 
these  salts  react  with  the  soilium  chlorid.  Thus,  if  potassium 
sidphate  were  athled  to  the  blood  it  wouM  react  with  soilium 
chlorid.  giving  some  potivssium  chlorid  and  some  soditim  sulphate. 
Both  of  these  salts  will  be  removed  by  the  kidneys,  since,  except 
in  minute  amounts,  they  are,  so  to  speak,  foreign  t/>  the  blood. 
This  latter  Ittjiiid  will  therel)y  lose  some  of  its  supply  of  sodhim 
salt,  whence  the  cra\ing  for  more  in  the  food.*  Whether  or  not 
this  explanation  is  correct,  the  fact  which  it  seeks  to  account  for 
seems  to  be  well  established.  It  can  not  be  doubted,  however,  that 
under  ordinarA'  comlitions  we  u.se  salt  in  quantities  much  larger  than 

*  For  tm  iiitereHling  iliscii."^^io3i,Hee  Buiige,  *'  Physiologic  des  Measrlten," 
vol   ii,  p.  ina,  1901. 
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IS  necessan*  to  maintain  the  sodium  chlorid  content  of  the  l>]oo<l. 
It  is  employed  as  a  condiment  for  its  pleasant  flavor,  and  it  is 
possible  that  its  use  is  often  earriod  to  excess.  This  is  a  matter  of 
practical  dietetics  concerning  which  at  present  we  have  no  satisfac- 
ton*  experimental  data  t*»  ha.se  a  jiulf^ment  ujx)n. 

The  calriuni  salts  <jf  the  \nn\y  play  a  most  important  role  in 
connecti<»n  with  the  irritahility  (if  muscle  and  nerve  (p.  54H). 
They  are  also  of  obvious  importance  in  furnishing  material  fctr 
the  growth  of  the  skeleton.  Their  importance  in  this  regard  has 
been  demonstrated  by  fwiding  exix?rimeuts.  Voun^  dofjs  wlien 
pven  a  tliet  poor  in  calcium  i^iilt^  fall  into  a  condition  rcsemlding 
rickets  in  children,  owin^  to  a  deficient  growth  of  the  lx)nes.  Pig- 
eons also,  when  fed  upon  a  similar  diet,  exhibit  an  atrophy  and 
fragility  of  the  lx)nes  due  ibubtless  to  the  lack  of  calcium  salts. 
As  in  the  case  of  the  other  food  materials,  there  imist  l)e  a  definite 
oalcium  metabolism  in  the  i)otly.  It  is  pnjlmble.  imleed  certain, 
tiiat  most  of  the  calfium  sjilts  ingcstcil  simply  j>a»s  through  the 
body  without  entering  into  its  structure.  They  are  eliminated 
unchanged  or  unused  in  the  feces  or  urine.  A  snmU  jjortion,  how- 
ever, must  l>e  al)Sorl>efl  and  used  ami  a  cf)rresfH]nding  amount  must 
l>e  eliminated  as  a  true  waste  product  of  tissue  metalxdism.  Yoit, 
by  experiments  upon  isolatetl  loops  of  the  intevstine,  has  shown 
that  some  calcium  is  constantly  eliminated  fnmi  the  inner  surface 
of  the  intestine.  The  amount  is  small.  He  estimates  it  at  less 
than  O.tKri  gni.  Cat )  daily.  Tliere  is  some  evidence  that  the 
amount  of  calcium  in  the  tissues  incrcii^ses  with  age.  This  is 
certainly  tnie  of  the  bones,  which  l>ecome  exceedingly  brittle  in 
advance*]  life. 

The  iron  salts  that  are  constantly  ne<^essar\'  for  the  production 
of  new  hemoglf)hin  are  provided  in  our  food,  in  which  they  exist 
in  organic  combination.  The  value  of  the  food  in  this  respect 
varies  greatly,  a.s  may  be  seen  from  the  following  table  selected 
from  Hungers  analysis: 

too  gins,  of  dry  !<ijbstatice  contains  iron  in  milligrams,  as  follows  : 


White  of  egg trace 

Kice lto2 

Wheat  flour  iboll^d)    .      l.H 

Cows'  milk 2.3 

Potatoes 6.4 

Peas 6.2  to  6.6 

C'arrotfl S.6 


Apples 13 

Cabbage  (green  leaves! ...       17 

Beef .       17 

A.snaragas 2f> 

Yolk  of  egp 10  to  24 

Spinach  33  to  3fl 


In  conditions  of  malnutrition,  jmrticnlarly  in  the  j*imj)le  anemias, 
it  liecomes  necessary  to  sek»ct  a  diet  with  reference  to  its  contents 
in  iron  or  t<»  add  iron  delibemtely  to  the  diet.  Thempeutirallv 
iron  may  be  given  in  the  form  of  simple  salts  with  organic  or  mineral 
acida  or  in  more  complex  organic  combination.  There  lias  l>een 
much  ctmtroversy  as  to  whether  the   body  is  capable  of  taking 
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the  iron  in  inorganic  form  and  synthesizing  it  into  a  molecule  so 
complex  as  that  of  hemog!of>in.  Ex])erienoe,  however,  seem  to 
show  that  this  is  jwssible,  although  under  normal  conditions  at 
least  our  in>n  is  used  in  organic  form.  Bunge  first  isolated  such  a 
compound,  a  nucleo-alhumin  containing  iron,  which  he  prepared 
from  the  egg  yolk  aiul  culled  hematogen.  This  compouml  must 
serve  as  the  source  of  the  hemoglobin  in  the  developing  chick. 
When  the  diet  is  directed  esjjecially  toward  increasing  the  iron 
food  it  would  seem  to  1^  wiser  to  choose  these  compounds,  or.  bett^ 
still,  the  iron-rich  foods,  rather  than  medicinal  preparations  of 
the  inorganic  sails.  The  daily  excretion  of  iron  from  the  body 
takes  place  in  the  feces  rather  than  in  the  urine.  The  experiments 
of  Volt  uj)on  isolateii  loojjs  of  the  intestine,  referred  to  above,  show 
tiiat  iron  Ls  eliminated  from  the  walls  of  the  intestine.  The  whole 
history  of  the  nietaboli.sm  of  iron  in  the  body  is  surroumled  by 
much  uncertaiiitA'.  After  absorption  its  synthesis  to  hemoglobin 
takes  place, as  to  its  final  stages,  in  the  red  marrow,  but  it  is  p>ossible 
that  other  organs  may  take  part  in  the  formation  of  intermediate 
pnxlucts.  As  regards  its  elimination,  we  know  that  the  breaking 
ilown  of  the  hemoglobin,  fornialion  of  l)ile  pigments,  takes  place 
probably  in  the  liver,  but  the  final  excretion  of  the  iron  is  made 
in  some  fonn  through  the  walls  of  the  intestine. 

Accessory  Articles  of  Diet, — Under  this  general  term  we  may 
include  all  those  IxKlies  classed  as  comliments,  flavora.  and  Mimu- 
latUs  which  we  habitually  take  in  our  diet  in  order  to  enhance  the 
attractiveness  of  the  food.  These  substances  may  or  may  not 
have  some  lieat  value  to  the  lx)dy, — that  is,  they  may  undergo 
oxidation  with  the  libenition  of  heat  energ>';  but,  in  general,  their 
value  in  nutrition  lies  in  other  properties. 

Thr   Flmors  and  ConfUmrnta. — Perhaps    the   most    important 
influence  exerted  by  these  l)o<Iies  is  that  by  making  the  food  appe- 
tizing they  increase  the  secretion  of  gastric  juice.    The  origin  of 
the  so-citllcd  psycliical  secretion  has  l)een  descrilied  (p.  689),  and 
there  can  lie  little  doubt  that  the  palatableness  of  food  influences 
greatly  the  facility  with  which  its  gastric  digestion  is  accomplished. 
It  is  said,  in  fact^  that  dogs  will  refuse  to  eat  food  that  has  been 
deprived  entirely  of  its  sapidity  and  flavor,  preferring  rather  to 
stan'e.     Some  of  these  sult^itances  (pcp()er).  as  also  the  stiniulanta 
(alcohol),  may  have  an  additional  value  in  that  they  increase  the 
rapidity  of  absorption  from  the  stomach.    Oautier  divides  the 
condiments  into  the  following  classes:   (!)  AromaticB,  comprisiiiij 
vanilla,  anise,  cinnanioiu  nutmeg,  and  other  .similar  essential  ml.*- 
(2)    Peppers.    (3)    The    aUkicrous  condiments, — garlic,  mustani. 
etc.     (4)  The  add  amdimeni^, — vinegar,  citron,  [lickles,  etc.     (5) 
The  salty  condiments,  such  as  table  salt.     (6)  The  sugar  condimcnti. 
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The  Stimulants. — Under  this  head  we  include  alcohol,  tea,  coffee, 
chocolate,  or  cocoa,  and  meat  extracts  (iK^ef  lea,  etc.).  Regarding 
the  last  mentionetl  substance,  its  physiological  value  has  been  uiatle 
clear  by  the  work  of  Pawlow  (p.  689.)  Meat  extracts  of  various 
kinds  contain  secretugogiies  which  stimulate  the  gaislric  glanils  to 
set^retion.  In  themselves  they  niay  contain  very  little  actual 
foodstuff.  Liebig's  extract  contains  some  proteid,  gelatin,  and  gly- 
cogen, which  form  an  actual  nuvirishment,  but  its  specific  value 
as  a  gastric  stimulant  dejiemla  upon  other  constituents,  possibly  the 
nitrogenous  extractives, — creatin,  xanthin,  camin,  etc.  Coflee 
and  iea  owe  their  well-known  stimtdating  action  to  the  presence 
of  an  alkaloid,  caffein  or  trimethyl-xanthin.  It  may  Ik?  considered 
as  xanthin  in  which  three  of  the  hydrogen  atoms  iiave  l>een  re- 
placed by  methyl  (CH^  groups,  as  is  indicated  in  (he  following 
stnictural  formulas: 


HN— CO  CiljN'— CO 

CO    C-NH  OO  c-N<:^"» 

'/^*1  CH|N— C-N 

Xiinlhin. 


This  alkaloi<l  has  a  diuretic  action  on  the  kidneys  and  a  stimulating 
effect  on  the  nerve  centers,  as  is  illustrated  by  its  effect  in  raising 
blood-pressure  by  an  action  on  the  vasoconstrictor  center.  The 
influence  of  tea  and  cofff***  in  preventing  sleepiness  may  Up  referreil 
to  this  action  on  blood-pressure.  The  use  of  these  substances, 
according  to  general  experience,  augments  muscular  eneigy  and 
<ljminishes  the  sense  of  fatigue.  Cocoa,  or  the  chocolate  made 
from  it  by  the  addition  of  sugar,  contains  consideral'le  nourish- 
ment in  the  form  of  fats,  carholmlratcs.  and  proteids,  but  its  stimu- 
lating effect  is  referred  to  the  alkaloiil  theolvronun  or  dimethyl- 
xanthin,  and  to  some  extent  possibly  to  the  essential  oils  develoixnl 
in  roasting.  'I'he  theobromin  exerts  stimulating  effects  eimiiar  to 
those  of  the  caffein. 

Alcohol. — The  physiological  effects  of  alcohol  are  of  jieculiar 
interest  to  mankind,  owing  to  its  widespread  use,  and  especially 
to  the  disastrous  results  following  its  intemperate  consumption. 
Those  who  employ  it  in  excess  are  in  danger  of  aeipiiring  an  alco- 
holic thirst  or  habit  towanl  which  the  l>ody  possesses  no  counter- 
acting regulation.  When  food  is  eaten  in  excess  we  exjierienee  a 
feeling  of  satiety  which  destnn's  the  desire  for  more  food,  and  the 
same  regidation  prevails  in  the  ca.se  of  water.  With  alcoholic 
drinks,  however,  the  desire  may  continue  long  after  (lie  alcohol 
taken  has  l)€gim  to  exert  an  injurious  action  upon  the  tissues. 
The  evil  effects  of  excessive  use  of  alcohol  are  so  continuallv  demon- 
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etrated  upon  man  that  there  is  no  need  for  experimentAl  investi- 
gations to  establish  this  fact.  Pathological  examination  of  t-he 
tissues  in  the  case  of  ennfirmed  (irnnkards  has  demonstrated  the 
existence  of  definite  lesions  in  many  of  the  organs, — stomach 
liver,  heart,  nervous  system, — and  have  shown  that  imiler  these 
conditions  it  acta  as  a  tissue  f»ison.*  This  result  is  exhibited 
not  only  in  cases  of  clironic  alcoholism  in  which  these  lesions 
have  deveIojje<l  gradually,  hut  also  in  cases  of  acute  alcoholism 
resulting  from  excessive  doses.  On  the  other  hand,  it  is  known 
that  inaiiy  individuals  use  alcohol  in  motlerate  (loses  thn>ughout 
life  with  no  noticealile  evil  result,  but.  on  the  contrar\-.  with  }x>ssihle 
henefit,  particvdarly  in  advanced  life.  The  matter  of  practical 
imjxjrtance  and  Interest  is  to  detennine  the  physiological  rAle  of 
moderate  doses  of  alcohol.  Does  it  serve  a  useful  purpose,  acting 
as  a  food  or  stimulant,  or  is  it  a  jKiison  in  all  doses  to  a  greater  or 
less  extent?  The  literature  uix>n  tlie  subject  is  verv  large  and 
in  many  n:«i>ects  conflicting.  Only  a  brief  summary  can  Ik* 
attempted  here.  Regarding  itx  stimulating  action  the  general 
exix^rience  of  mankind  attributes  a  result  of  this  kind  to  its  use 
in  small  quantities.  It  confers  a  sense  of  welM^eing  and  an  in- 
crease ill  Tiienial  aud  muscular  activity,  although  these  gixwl  effects 
may  be  quickly  overstepped  hy  too  great  a  dose.  Specific  researches 
have  Ijeen  made  to  show  that  the  alcohol  may  decrease  the  reaction 
time  an(!  increase  the  rapidity  antl  amount  of  the  mudcular 
contractions.  On  the  heart  and  blood-vessels  alcohol  in  small 
quantities  appears  to  have  no  positive  effect  of  a  stimulating 
character.  It  is  known  that  even  in  small  do.ses  it  causes  a  <iilata- 
tion  of  the  skin  vessels,  giving  a  feeling  of  warmth  and  leading  to 
increased  loss  of  heat;  but  wliether  this  effect  is  due  t^j  a  stimula- 
tion of  the  vasodilator  centers  or.  as  .seems  more  jimbable.  to  a 
narcotic  or  depressing  action  upon  the  vasoconstrictor  centers  has 
not  l>een  definitely  demonstrateil.  Some  ol)8ervers  obtain  results 
which  indicate  that  alcohol  decreases  the  efficiency  of  the  neuro- 
muscular apparatus  and  acts  in  all  tloses  as  a  sedative  or  paralyzant 
rather  thanf  as  a  stimulant.  It  has  l>een  suggested  that  as  regards 
the  higher  ner^'e  centers  its  apparent  stimulating  effect  may  Ix*  due 
in  reality  to  a  paralysis  of  inhibitor)*  centers,  thus  removing  control 
and  restraint  and  leading  to  freer  mental  action.  The  exjjerience 
of  explorers  bears  out  the  general  view  that  tmder  conditions  uf 
stress  and  excitement  alcf»hol  is  of  little  value  as  a  stimulant.  What- 
ever action  it  has  in  this  direction  is  te.mporar>'.     After  the  day's 


♦  See  AVelrli,  "The  Pathological  Kffect:*  of  .Mcohol/' in  "  Phv-siolopral 
Aspect.s  of  the  lj()nor  Problem,*'  vol.  ii»  1003. 

t  For  liternture  luul  (hscussinn  see  Abel.  '*The  Pharmacological  Action  nf 
Alcohol,"  in  "  Physiologirnl  A. bipeds  of  the  Liquor  Problem,"  vol.  U,  1903 
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work  is  done,  however,  or  in  eondilioiLS  of  mental  depression  the 
use  of  alcohol  may  remove  the  seitse  of  fatigue  ami  exhaustion 
and  lea<l  to  a  sense  of  well-being.  The  most  important  work  of 
recent  years  has  l>een  directed  toward  determining  the  nutritive 
value  of  alcohol.  Does  it  function  under  any  circumstances  as  a 
food?  Much  4le[>entls  in  such  a  discussion  ujxm  the  meaning  of 
the  terms  used.  In  the  pre'*ent  brief  statement  it  is  to  i)e  nnder- 
8t<x>d  that  by  food  is  meant  materia!  which  can  l)e  oxidised  in 
tlie  ^x)dy  with  the  production  of  usable  energ\',  but  without  in- 
jurious effect  wynyn  the  tissues,  and  moreover  a  materia!  whose 
consumption  protects  some  of  the  other  foodstuffs — fats,  carbo- 
hydrates, and  pmteirl — from  ilestnictton.  In  the  first  jjlace,  there 
is  m>  doubt  that  alcohol  i.s  oxidized  in  the  body.  \'ariiniK  observers 
estimate  that  as  much  as  9()  tr>  fKS  i>er  cent,  of  the  alcohol  absorl>ed 
is  destnjyed.*  Since  1  gm.  of  alcohol  when  liumt  yields  7  Calories 
of  heat,  it  is  evident  that  its  oxidation  in  the  body  must  yield  a 
large  supply  of  heat  energ>'.  The  (piestion  arises  whether  this 
oxidation  of  the  alcohol  occurs  in  addition  to  the  normal  metab- 
olism of  the  prc^t-ei*!  and  non-protcid  foodstuffs,  or  whether  it 
pmtects  and  takes  the  place  of  the  latter.  With  regard  to  the 
non-proteids  a  number  of  observers  have  attempted  to  detennine 
the  point  by  ascertaining  the  total  carbon  excretion  during  an 
alcohol  period.  If  the  usual  amount  of  material  Is  bunit  and  the 
alcohol  in  addition  it  is  evident  that  the  carbon  excretion  .should  be 
markeilly  inorea.se<l.  Most  observers,  however,  find  that  it  re- 
mains practically  the  same.  Such  residts  as  the  following  have 
been  obtaine<l: 

At»-»«<»..  .....I  n^..a,i:..t  I  Aicnliol-free  days. .   251.9  ffms.  carbon. 

—  13  4     •• 
K^At-Mk                             J  Alcohol-free  days.  .212.58  gms.  rarboii. 
^^^ \  Alcohol  days 220.84     " 

+  8.26    " 

r*t ^,,  f  Alcohol-fre«  days.  .214.83  rms.  carbon. 

^^P*" 1  Alcohol  days.  .: .  .  .220.87     " 

+  6.04     " 

These  results  indicate  that  the  alcohol  is  used  by  the  Ixwiy  in  place 
of  the  other  carbon-containinp  foodstuffs.  (lepjiert  and  Zuntz  have 
also  foun<i  that  on  al('<>ho]  <lays  there  is  no  material  increase  in 
the  carbon  dioxiil  eliminatetJ  or  the  oxygen  absorbe<l. 

TheoreticaUy  if  the  alcohol  takes  the  place  of  the  other  material  the 
afnoiint  of  rnrbon  dioxid  excreted  shoviUl  lie  tlimiiiiiiihe*!.  One  fn^m  of 
alcolioi  n  hen  oxidized  fumi.'*he:s  o-s  nuich  heal  as  1 .7  (Tins,  of  au^ar  or  0.75  (cni. 
of  fat.  But  1  pn.  of  alcohol  when  burnt  vieKls  only  1.91  gms.  of  Cd^,  while 
1.7  gms.  of  sugar  yield  2.77  gms,  CO,,  an*l  0.75  pu.  of  fat,  2.13  gma.  of  CO,. 

♦  See  .\twater  and  Benedict,  Bulletin  09,  I'nited  Statea  De^mrtment  of 
Aprirulture.   isw. 
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If  fat  were  roplaretl  hy  the  alcohol  the  amount  of  COj  shouM  be  reduced 
uhout  10  ix?r  rent.,  while  if  the  »ugtir  were  replui-eii  the  rcxluction  should 
ujnount  to  31  i>er  cent.  That  sudi  a  redurtittn  is  not  actually  oliser\e<_l  b 
explained  hy  tlie  fart  that  the  ak'ohol  lead.M  to  more  rniLsoiilHr  Hftivilv  aiid 
a  greitter  loss  nf  heut  from  the  uongeste<i  skin,  thus  indirectly  aupueiiting 
the  oxldutionj^  of  the  boiiy. 

To  determine  whether  the  combustion  of  the  alcohol  protects  the 
proteiii  material  from  metaholism  to  the  same  extent  as  is  done  by 
carboliydrate.s  and  fats  exj)eriments  have  l>een  ma^le  in  which  the 
.  individual  was  brought  iiiU)  nitrogen  etjuilibrium  on  a  mixeil  diet. 
'J'hen  for  a  given  period  a  portion  of  the  carbohydrate  was  omitted 
ani.1  alcohol  in  isodynamic  amotmts  was  substitute*!.  The  result 
was  an  increase  in  the  nitrogen  excretion,  showing  that  the  alcohol 
did  not  protect  fully  the  ]>roteid  lifaue.  In  a  third  jjerioti  the 
first  LJiet  was  resumed,  and  after  nitrogen  equilibrium  hati  again 
been  established  thename  proportion  of  carbohydrate  was  omitted 
from  the  diet,  but  this  titne  alcohol  was  not  substituted.  If  the 
diet  was  poor  in  proteid  it  was  founil  that  less  proteid  was  lost  fn')m 
the  body  when  the  alcohol  was  omitted  than  when  it  was  used. 
Hence  alcoliol  not  only  did  not  take  the  place  of  the  carboh\drate 
in  protecthig  the  protciil  but  actually  caused  an  increased  proteid 
consumption.*  Other  observers  (Neumann,  Rosemannt)  have 
found  that,  although  the  effect  described  may  occ\ir  in  the  first 
few  days,  yet  if  the  alcohol  diet  is  maintained  the  injurious  effect 
exercised  by  it  disappears,  the  body  ceases  to  lose  its  proteid 
tissue,  and  may  even  lay  on  proteid.  These  results,  taken  with 
those  Riven  above,  indicate,  therefore,  that  the  alcohol  may  actually 
take  the  place  physiologically  of  fat  or  ca^bt^hyd^ates  as  a  source 
of  energy  and  as  a  protector  of  proteid  metabolism. |  Under  these 
circumstances,  therefore,  it  acts  as  a  true  foodstuff.  It  is  perhaj>s 
scarcely  necessary  to  emphasize  the  fact  that  this  scientific  con- 
clusion does  not  mean  that  alcohol  can  l>e  regarded  as  a  prac- 
tical food.  Its  expensiveness,  its  dangers  when  the  dose  is  too 
large,  etc.,  prevent  us  from  regarding  it  in  this  light.  As  Rosemann 
says,  however,  it  is  possible  that  on  account  of  its  ready  aljsorption 
and  ]mlatablcne.<is  it  may  f<irm  a  useful  substitute  for  the  solid, 
non-nit rojienous  foodstuifs  in  sickness.  This  suggestion  seems 
to  Ije  sujfjKirted  by  many  reports  of  cases  in  which  alcohol  has  8er\'cd 
as  the  sole  or  main  nutriment  during  the  critical  periods  of  fevers 
an<l  in  other  conditions,  but  it  needs  to  be  tested  more  carefidly  by 
flirect  exi^eriments  I>efore  it  can  be  accepted  generally  for  prac- 
tical purposes. 

♦See  Miura,  "Zeitschrift  fur  klin.  Medicin,"  20,  1802. 

t  -See  Rosemann,  "Arvhiv  f.  die  gesamrnte  Physiologic,"  86,  307,  1901, 
and  100,  MH,  1003,  for  disriission  and  literature. 

t  See  also  Atwater  and  Itenedirt,  "Memoirs  of  National  Academy  of 
Sciences."  1902;  and  Atwater.  "The  Nutritive  Valueof  Alrohn!/'  in  "  Plivf^i- 
oiogic&l  A.^pect8  of  the  Litjiior  Problem,"  vol.  ii,  1903, 
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CHAPTER  L. 

EFFECT  OF  MUSCULAR  WORK  AND  TEMPERATURE  ON 

BODY  METABOLISM— HEAT  ENERGY  OF 

FOODS-DIETETICS. 

The  Effect  of  Muscular  Work. —  It  is  a  matter  of  common 
knowle<.lgc  that  niusrtilar  exercise  iiK-'reases  the  foo<l  eoiif^unieil, 
and  scientific  ex|jerinieiits  have  i>lit)\i*n  that  it  greatly  augment* 
the  consumption  of  material  in  the  body.  Physio log:isti?  have 
attempted  to  <Ietermiae  which  of  (nir  energ\'-yiel<lin(^  footlstuffs 
is  directly  affected  by  mnseiilar  activity.  A  brief  statement  of 
the  development  of  our  knowledge  uikjii  this  point  will  make  clear 
our  present  theories.  According  to  Liebig,  our  foods  fulfill  two 
genera!  purjxises  in  the  boily ;  they  are  l>umt  to  supply  heat,  rcspira- 
tor>'  f(K>ds — fata,  and  carbohydrates^  or  they  are  Ui^i\  to  constnict 
tissue,  plastic  foods — proteids.  It  seemed  to  follow^  from  this 
generalization,  that  muscular  tissue  in  activity  should  use  jtroteid 
materiab  and  it  was  believed  at  that  time  that  the  metabolism  of 
proteid  furnishes  the  source  of  muscular  enersy.  That  it  is  not 
the  sole  source  was  dcmi)nstrat-e<.l  by  the  interesting  experiments 
of  Fick  and  Wislicenus.  These  physiologists  ascendoil  the  Faul- 
hom  to  a  height  of  U)56  meters.  Knowing  tlie  weight  of  his  body, 
each  could  estimate  how  much  work  was  done  in  ascending  such 
a  height.  Pick's  weight,  for  example,  was  66  kilograms:  therefore 
in  climbing  the  mountain  he  [>erformed  06X1956=129,096  kilo- 
grammeters  of  work.  In  addition,  the  work  of  the  heart  and  the 
respiratorv  muscles,  which  could  not  be  determined  accurately, 
was  estimated  at  30,000  kilogramrneters.  'J'hen*  was,  moreover, 
a  certain  amount  of  muscular  work  performed  in  the  move- 
ments of  the  arms  and  in  walking  upon  level  gn)und  that  was 
omitted  entirely  from  their  calculations.  P'or  seventeen  houre 
liefore  the  ascent,  during  the  climb  of  eight  hours,  and  for  six 
hours  afterwanl  their  foo<l  was  entirely  n(»n-nitrc>genou8.  so  that 
the  urea  eliminateii  came  entirely  fnun  tiie  proteid  of  the  body. 
Nevertheless,  when  the  urine  was  coilected  and  the  urea  estimate<l 
it  was  found  that  the  energ>'  containeil  in  the  proteid  destroyed, 
reckoned  as  heat  energ>',  was  entirely  insufficient  to  account  for 
the  work  done.  Although  later  estimates  would  mo<iify  somewhat 
the  actual  figures  of  their  calculation,  the  margin  was  so  great  that 
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the  experiment  has  been  accepted  as  showing  conclusively  that  the 
total  energy*  of  muscular  \vc»rk  (hies  not  conic  necessarih*  from  the 
oxidation  of  pnitekl.  I^ter  cxj^riments  made  by  V'oit  upon  a 
dog  working  in  a  tread-wheel  and  upon  a  nian  performing  work 
while  in  the  reypiratory  chamber  j^ave  the  surprising  result  that 
not  only  nmy  the  energy  <>f  n^u.scMilar  work  l)e  far  greater  than  the 
jvitential  energy  of  the  proteid  simultaneously  oxidize<l.  but  that 
the  performance  of  muscular  work  within  certain  limits  does  not 
affect  at  all  the  amount  of  proteid  metahnlized  in  the  Ixxiy,  since 
the  output  of  urea  is  the  same  on  working  days  as  during  da^-^  of 
rest.  Careful  exj>erinients  by  an  English  physiologist,  Parkes,  made 
upon  soldiers  while  resting  and  after  performing  long  marches  showed 
also  that  there  is  no  distinct  increase  in  the  secretion  of  urea  after 
muscular  exercise.  It  followetl  from  these  latter  experiments* 
that  Liebig's  theor>'  as  to  the  source  of  the  energy-  of  muscular 
work  is  incorrect,  and  that  the  increase  in  the  oxidations  in  the 
body  that  imdoubtedly  occursduring  mtiscular  activity  must  affect 
only  the  non-proteiil  material,  that  is,  the  fats  and  carbohydrates. 
Sul>sefpiently  the  tjuestion  was  reojiened  In'  experiments  made 
under  Pfliiger  by  Argutinsky.*  In  these  exjx'rinient^  the  total 
nitrogen  excreted  was  tietermined  with  especial  care  in  the  sweat 
as  well  as  in  the  urine  and  the  feces.  The  muscular  work  done 
consisted  in  long  walks  and  mountain  climbs.  Argutinsky  found 
that  work  caused  a  niarketl  increase  in  the  elimination  of  nitrogen, 
the  increa.sc  extending  over  a  |K*riod  of  three  days,  and  he  estimated 
that  the  additional  proteid  metabolize<l  in  consequence  of  the  work 
wa5  sufficient  to  account  for  most  of  the  energ\'  expended  in  per- 
forming the  walks  and  climbs.  A  number  of  objections  have  l>cen 
made  to  Argutinsky's  work.  It  has  l>een  asserted  that  during  his 
exi>eriment  he  kept  himself  upon  a  diet  deficient  in  non-proteid 
material,  and  that  if  the  8up|)ly  of  this  material  had  been  sufficient 
there  would  not  have  lieen  any  increase  in  proteid  metalx)Iism. 
These  exj>eriments  were  repeated  in  various  forms  by  many  ob- 
ser\'ers  (Zuntz,  Speck,  d  (iL),  ami  the  general  result  has  been 
the  abandonment  of  both  the  former  views, — the  Liebig  theoiy 
that  the  energy  comes  only  from  the  consumption  of  proteid.  and 
the  Voit  theory,  that  it  comes  only  from  the  oxidation  of  non-pro- 
teid material.  It  has  been  found  that  in  muscular  work  carrie*!  to 
the  ordinar}'  extent  proteid  material,  in  excess  of  that  destroyed  in 
conditions  of  rest,  may  or  may  not  Ije  used  according  to  the  amount 
of  fats  and  carbohydrates  in  the  diet.  If  these  latter  elements  are 
in  sulhcicnt  (juantity  they  furnish  the  energy  required,  and  proteid 
metabolism  is  not  increased  by  work.     If.  however,  the  non-pro- 

*  ArgutiuKky,  "  PfluKer'-^  Arohiv  f.  die  gesamrnte  Phvsiolope."  46,  552. 
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teids  are  not  sufficient  in  quantity  some  of  the  energ>'  is  obtaineil 
at  the  exjjense  of  the  proteid  of  the  bo4ly,  and  there  is  an  in- 
crease in  the  nitrogen  excretion.  We  may  Ixjlievc,  in  fact,  that  the 
energj'  necessary  for  niuafrular  work  may  be  obtainetl  from  any  of 
the  heat-yielfUng  foodstuff, — carljohydrates,  fat,  or  proteids.  It 
eeeras  probable  tliat  tlie  sugar  (glycof^en)  of  the  muscle  is.  so  to 
speak,  the  easiest  souR-e;  but,  when  the  (;arbohy(irat*?s  are  ileficient 
or  absent  altogetlier  in  the  diet,  muscular  exercise  Ls  accompanied 
by  an  increase  in  the  consinnptii>n  of  protcitls  or  fat^  or  both.  The 
Voit  theon'  is  correct  to  the  extent  that  on  an  alnindant  nun-proteiil 
diet  much  mnscniar  work  may  lie  done  without  any  uierease  in  the 
consumj>tioii  of  j)roteid  tissue.  The  muscle  is  a  proteitl  machine 
for  the  accomplishment  of  work,  and  the  fuel  supplied  may  be  pn>- 
teid  or  non-pmtcid.  but  in  the  accomjilishment  of  tnoiierate  work 
there  is  apparently  no  gjcatpr  wear  an<l  tear  of  the  machinery,  no 
greater  tissue  wa-ste,  than  under  resting  contlitions.  If,  however, 
the  muscular  work  is  excessive,  the  tissue  waste  may  be  increasetl. 
Argutiiisky  found  an  increasetl  nitrogen  elimination  lasting  two  or 
three  days  after  the  cessation  of  the  work.  It  is  probable  that  this 
result  indicates  a  greater  waste  of  the  proteid  apparatus  itself,  and 
this  idea  is  borne  out  by  the  fact  that  imder  similar  conditions 
other  observers  have  detected  an  increase  in  the  creatinin  excre- 
tion, the  nitrogenous  waste  that  is  i>ecu]iar  to  the  muscle.  The 
effect  of  muscular  work  on  the  carl>on  excretion,  carbon  dioxiil,is, 
of  course,  marked  and  invariable.  Some  extra  material  must  l>e 
oxidized  to  furnisti  the  energy' .  ami  since  this  material  is  usually  or 
exclusively  sugar,  or  sugar  and  fat,  or  the  non-nitrogenous  [xirtion 
of  the  proteiil  of  the  diet,  the  effect,  so  far  as  the  excretions  arc  con- 
cerned, will  be  most  manifest  in  the  amount  of  carbon  dioxid 
given  off.  Pettenkofer  ami  Voit  found  that  the  carbon  dioxid 
ehminated  by  a  man  during  a  day  of  work  was  nearly  double  that 
excreted  during  a  day  of  rest.  Along  with  this  rise  in  the  carl>on 
dioxid  excretion  there  is  a  corresix)nding  increase  in  tiie  ai>8ori>tion 
of  oxygen. 

Metabolism  during  Sleep. — It  has  been  showTi  that  during 
sleep  there  is  no  marked  diminution  of  the  nitrogen  excreted,  and 
therefore  no  distinct  decrease  in  the  proteid  metaboliam;  on  the 
contrar>',  the  CO,  eliminated  and  the  oxygen  absorlictl  are  unques- 
tionably diminished.  This  latter  fact  fimls  its  simplest  explana- 
tion in  the  supfxjsition  that  the  muscles  are  less  active  during  sleep. 
Tlie  muscles  do  less  work  in  the  way  (tf  contractions,  and.  in  addition, 
probably  suffer  a  diminution  in  tonicity  which  als<^>  affects  their 
total  metal>olism. 

Effect  of  Variations  in  Temperature. — In  warm-l)loode4l 
aninjals  variations  of  outside  temperature  within  oniinar>*  limits 
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do  not  affect  the  body  temperature.  An  account  of  tiie  noeans  by 
wliirh  this  regulation  m  effected  will  be  found  in  the  chapter  upon 
animal  heat.  So  long  as  the  tem|>erature  of  the  body  remains  con- 
stant, it  has  been  found  that  a  fall  of  outside  temperature  may 
increase  the  oxidation  of  non-proteid  material  in  the  IkxJv,  the  in- 
crease being  in  a  general  way  prop*:irtional  to  the  fall  in  tempera- 
ture. That  the  increased  oxidation  affects  the  non-proteid  con- 
stituents ii^  sliovvn  by  the  fact  that  the  urea  remains  unchanged  in 
quantity,  other  conditions  being  the  same,  while  the  oxygen  con- 
simiption  and  the  CO,  elimination  are  increasetl.  This  effect  of 
temperature  up<in  the  body  metabolism  is  due  mainly  to  a  reflex 
stimulation  of  the  motor  nerves  to  the  muscles.  The  temperature 
nerves  of  the  skin  arc  affected  by  a  fall  in  outside  temperature, 
and  bring  al>out  reflexly  an  increased  innen'ation  of  the 
muscles  of  the  body.  Indeed,  it  is  stated*  that  unless  the 
lowering  of  the  temjx?rature  is  sufficient  to  cause  shivering  or  mus- 
cular tension  no  increase  in  the  CO,  excretion  results.  This  fact 
suffices  to  explain,  therefore,  the  physiological  value  of  shivering 
and  muscular  restlessness  when  the  outside  temperature  is  low. 
The  fact  that  variations  in  outside  temjierature  affect  only  the 
consumption  of  non-proteid  material  falls  in,  therefore,  with  the 
concej>tion  of  the  nature  of  the  metabolism  of  muscle  in  actiiity. 
given  above.  When  the  means  of  regidating  the  body  temperature 
break  down  from  too  k)ng  an  exposure  to  excessively  low  or  ex- 
cessively high  temperatures,  the  total  body  metabolism,  proteid 
as  well  as  non-proteid,  increases  with  a  rise  in  body  temperatiu« 
and  decreases  with  a  fall  in  temperature.  In  fevers  arising  from 
pathological  causes  it  has  been  shown  that  there  is  an  in- 
creased production  of  urea  as  well  as  of  CC),. 

££fect  of  Starvation- — A  stan'ing  animal  must  live  upon  the 
material  present  in  it.s  body.  This  material  consists  of  the  fat 
stored  up,  the  circidating  SLtiil  tissue  proteid,  and  the  glycogen. 
The  latter,  which  is  present  in  comparatively  small  <|uantities,  is 
([uickly  used,  disappearing  more  or  less  rapidly  according  to  the 
extent  of  muscular  movements  ma<^le.  Tliereafter  the  animal  lives 
on  its  own  proteid  and  fat,  anil  if  the  starvation  is  continued  to  a 
fatal  terniinntion  the  body  becomes  correspondingly  emaciated. 
Examination  of  the  several  tissues  in  animals  st-arv^e*!  to  death  has 
brought  tint  some  interesting  facts.  Voit  took  two  cats  of  nearly 
equal  weight,  fed  them  equally  for  ten  days,  and  then  kille<l  one  to 
ser\'e  a**  a  standard  fnr  comparison  and  star\'ed  the  other  for  thirteen 
days;  the  latter  aidnial  k>st  1(117  gms.  in  weight,  and  the  loss  was 
divided  as  follows  among  the  different  organs: 


♦  Johaniwwii.  "Skandinavisches  Archiv  f.  Physiologic/*  7,  123.  IRS>7. 
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Low  TO 
BuppoftCD  Weight      Actual  Lom       Each  100  Giia. 
or  Organh  BEroRc        or  Oroaks       op  Fhebh  Oroan 

STAKVATIOS.  in    <iM«.  (PEHCKNTAGI;     LoSft). 

Bone 3U3.4  54.7  13.9 

Muscle I40S.4  420.4  30.5 

Liver 91.9  49.4  63.7 

Kidnev 25.1  6.5  25.9 

Spleen  8.7  5.8  66.7 

Pancreaa 6.5  1.1  17.0 

Testes 2.5  1,0  40,0 

Lungs 15.8  2.8  17.7 

Heart 11.5  0.3  2.6 

Intestines   118.0  20.9  18.0 

Brain  aiul  conl  40.7  1.3  3.2 

Skin  mid  iiair 432.8  89.3  20.6 

Fat 275.4  267.2  97.0 

Blood 138.5  37.3  27.0 

Remainder 136.0  50.0  36.8 

According  to  these  results,  the  greatest  absolute  los.s  was  in  the 
muscles  (420gnis.).  while  the  greatest  percentagt?  loss  was  in  the  fat 
(97  |)er  cent.),  which  hatl  practically  disap(>eareii  fnim  the  !>0(ly. 
It  is  ver\'  signifirant  that  the  central  nervous  system  and  the  heart, 
organs  which  we  may  suppose  were  in  continual  activity,  sufTered 
practically  no  loss  of  weight:  they  had  lived  at  the  exi)ense  of  the 
other  tissues.  We  must  suppose  that  in  a  starving  animal  the  fat 
and  the  proteid  materials,  particularly  in  the  voluntary  muscles, 
pass  into  solution  in  the  hlood,  anil  are  then  used  to  nourish  the 
tissues  generally  and  to  supply  the  heat  necessary  to  maintain  the 
body  temperature.  Examination  of  the  excreta  in  starving  ani- 
mals has  shown  that  a  greater  rtuantity  of  proteitl  is  destroyed  dur- 
ing the  first  day  or  two  than  in  the  subsequent  da>'s.  This  fact 
is  explaine*i  on  the  supjxfsition  that  the  hody  is  at  first  richly  sup- 
plier! with  '^circulating  proteid"  ilerived  from  its  previous  foofl.  and 
that  after  this  is  metalmlizeii  the  animal  lives  entirely,  so  far  as 
pn>teid  cotisumptioii  is  conccrnetl,  upon  its  '*  tissue  proteid."  If 
the  animal  remains  quiet  during  star\*ation,  the  amount  of  nitrogen 
excreted  daily  soon  reaches  a  nearly  constant  minimum,  showing 
that  a  practically  constant  amount  of  proteid  (together  with  fat) 
is  consumed  daily  to  furnish  body  heat,  and  probably  to  repair 
tissue  waste  in  the  active  organs,  such  as  the  heart.  Shortly  l>efore 
death  from  8tar\'ation  the  daily  amount  of  proteid  consumed  may 
increase,  as  shown  by  the  larger  amoimt  of  nitrogen  eliminated. 
This  fact  is  explained  l>y  assuming  that  tlieborlyfat  is  then  exhausted 
and  the  anirnals  metafjolism  Js  confmed  to  the  tis'^ue  proteids  alone. 
The  general  fact  that  the  loss  of  proteid  is  greatest  tiuring  the  first 
one  or  two  days  of  starvation  has  l)een  confirmed  recently  upon  men, 
in  a  number  of  interesting  experiments  made  upon  professional 
fasters.  For  the  numerous  details  as  to  loss  of  weight,  variations 
of  temperature,  etc.,  carefully  recordefl  in  these  latter  experiment*, 
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reference  must  lye  inade  to  nriginal  sources.*  It  niay  l>e  added,  in 
coiichiyitJii,  that  the  fatter  the  body  is  to  begin  with,  the  longer  will 
starvation  he  endured,  and  if  water  is  consumed  freely  the  evil 
effects  of  star\'ation,  as  well  as  the  disagreeable  sensations  of  hun- 
ger, are  ver>'  much  reduced. 

The  Potential  Energy  of  Food. — The  food  material  during 
digestion  and  after  ai)Sorption  undergoes  numerous  chemical  change* 
in  the  body.     Some  of  these  changes  are  not  attended  by  the  libera-J 
tion  of  heat  to  any  marked  extent.     Such  is  the  case,  for  instance,! 
with  the  hydnilytic  cleavages  of  the  molecule  which  have   been  ■ 
described  especially  in  connection  with   the   digestive   processes. 
Similar  hydrolytic  cleavages  occur  doubtless  within  the  tissues, 
and  other  cJianyjes  connected  with  muscular,  nervous,  and  glanilular 
activity,  and  llie  building  up  and  breaking  vlown  of  the  living  sulv 
stance,  take  place  constantly  as  a  part  of  general  nutritional  mctal>- 
olism.     On  thef>ther  hand,  many  of  the  chemical  processes  occur- 
ring in  the  boily  are  especially  valuable  on  account  of  the  heatj 
liberated.     These  reactions,  for  the  most  part,  at  least,  are  oxida 
tions;  they  are  effected  untler  tlie  influence  of  oxidizing  enzymes  ( 
by  some  other  means  of  activating  the  oxygen.     The  various  sta 
in  the  process  are  not  explaineil.  but  we  know  that  oxygen  is  neces-l 
san'  and  that  t!ie  carbon  and  the  hydrogen  cfmtaine<i  in  the  sub-1 
stances  actetl  uf^Jou  appear  eventually  in  the  form  of  oxidation  prod-" 
ucts — namely,  carbon   dioxid  and  water — Liebig  designated  the 
fats  and    carbohydrates  as  respirator)'    foods  on  the  hypothesisj 
that  their  fate  in  the  Inxly  is  to  \te  oxidized  and  furnish  heat.     While 
this  view  is,  in  the  main,  f'orrect,  it  is  evident  now  that  a  portion  atl 
least  of  the  proteid  molecule,  after  the  splitting  (»ff  of  the  nitrogen,  ^ 
may  also  undergo  oxidation  and  furnish  heat.     In  Liebig's  sense, 
therefore,  the  proteids  play  the  part  of  respirator>-  or  heat-producingj 
foods  as  well  as  acting  as  tissue  formers.     On  the  other  han<^U  fata 
and  carbohydnitc  material  may  enter  to  some  extent,  together  with 
the  proteid,  into  the  synthesis  of  living  material,  and  thiLs  play  the 
r(Me  of  a  plastic  or  tissue-forming  as  well  as  of  a  respirator>-  food. 
We  can  not  divide  the  foodstuffs,  therefore,  strictly  into  two  such 
classes,  but  we  may  perhaps  consider  the  chemical  processes  in 
the  body  under  the  two  heads  mentioned  above, — namely,  the  oxi- 
dation or  heat-producing  changes  and  those  of  general  nutrition 
The  latter  may  give  rise  to  heat  or  possibly  al)sorb  heat,  but  the 
great  supply  of  heat  energ>'  neefled  by  the  body  to  maintuin  itS| 
temperature  comes  from  the  oxidation  processes.     This  classifica-J 
tion  is  employed  by  some  physiologists,  and  is  helpftd  in  empha-j 
sizing  the  fact  that  many  chemical  changes  occur  in  the  body  that 


* '*A'ir<-linw'j»  Arrliiv, '*  vol.  131,  supplement.  1893:  and  Luriani.  "  Dw 
Hunpem,"  1890.  See  also  Weljer,  "  Krpebiii^f*e  tier  PhvHolopie, "  vol.  i, 
pari  I,  1002. 
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are  of  no  importance  from  the  standpoint  of  heat  productioni  and 
that  the  changes  that  do  give  rise  mainly  to  heat  form,  as  it  were, 
a  special  group,  which  is  not  connected  with  the  building  up  or 
breaking  down  of  the  living  matter,  hut  furnishes  the  euerg.v  by 
means  of  which  these  latter  changes  and  perhaps  other  functions, 
such  as  muscular  work,  are  nm^le  possible.  Roughly  si>eaking,  an 
adult  man  fortan  in  Ins  [jody  and  give^  off"  to  the  surrounding  air 
about  2,400.()*M)  calories  of  heat  per  <lay.  Hy  calorie  or  small 
calorie  (c)  is  meant  the  t[uautity  of  heat  necessar>'  to  raise  1 
gm.  of  water  1°  in  temperature.  This  great  supply  of  heat  is  derived 
from  the  physiological  oxitlation  of  the  carbohydrate,  fat,  anil 
pruteid  material  of  the  food.  These  same  materials  may  l>e  oxi- 
dized outside  the  hoiiy  by  burning  them  at  a  high  tenijx^rature  or 
under  a  high  pressure  of  oxygen,  and  the  heat  that  they  give  off  in 
the  process  can  be  measurcil  directly.  So  far  as  the  fats  and  carlM>- 
hydrates  are  concerned,  the  end-j)n>ilucts  of  tlie  oxidation  in  the 
hotly  are  the  same  as  in  their  combustion  out  of  the  iiody,  and  we 
may  beheve.  therefore,  that  the  amount  of  heat  pnjduced  is  the 
same  in  both  cases.  Coaserjuently  the  heat  value  of  a  gram  of  fat 
or  carlx}hyilrat-e  burnt  outside  the  Ixidy  is  spoken  of  as  its  combus- 
tion etiuivaietit,  and  it  measures  the  amount  of  potential  energ>* 
of  these  fooilstuffs  with  regard  to  their  capacity  for  the  pmduction 
of  heat  or  of  muscular  work  in  the  lx>dy.  With  regard  to  the  pro- 
teid,  the  case  is  somewhat  different.  Its  end-products  in  the  body 
are  carix)n  dioxi<l,  water,  and  urea  or  some  other  of  the  nitrogenous 
waste  pn>ducts.  These  nitrogenous  wastes  are  eajjal>le  of  further 
oxidation  with  liberation  of  heat,  so  that,  as  far  as  they  are  elimi- 
nated, the  body  loses  a  possible  supply  of  heat  energ>-,  which  must 
l)e  subtracted  from  the  total  heat  energy  that  the  proteitl  gives  upon 
oxidation  outside  tiie  body,  in  order  to  determine  the  availalile  heat 
energy  yielded  within  the  l)ody.  The  figures  o[)tained  for  the  heat 
equivalents  of  the  foodstuffs  by  burning  them  outside  the  l)ody  in 
some  form  of  calorimeter  are  as  follows:  1  gm.  of  fat  yields  an  aver- 
age of  9300  calories,  or  0.3  large  calories  (C),  I  gm.  of  oarl>ohvdrate 
yields  an  average  of  4100  calories  (4.1  L\).  These  figures  may  lie 
taken,  therefore,  to  express  the  quantity  of  heat  given  to  the  IxMJy 
by  the  oxi<lation  within  its  tissues  of  these  elements  of  our  foml. 
\  gram  of  proteid  when  burnt  outside  the  l>ody  yields  on  the  aver- 
age 5778  calories.  The  heat  value  of  the  urea  is  estimatexl  as  1 
gm.  =  2523  calories.  If  we  assimie  that  all  the  nitrogen  of  the  pnv 
teid  appears  as  urea  and  that  1  gm.  of  proteid  yields  J  gm.  of  urea, 
then  the  available  heat  energy  of  a  gram  of  pn^teid  should  Yte  equal 
to  5778  — 841  (or  §  of  2523)  =  4937 calories.  I*at<*r  workers,  however, 
have  given  reasons  for  l>elicving  that  this  last  figure  is  too  high. 
All  of  the  nitrogen  is  not  eliminated  as  urea,  and,  moreover,  all  of 
the  nitrogenous  waste  is  not  excretetl  in  the  urine:   a  rii.stinct  pro- 
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portion  is  given  off  in  the  fecei.  Kubner  has  calculated  the  avail- 
able heat  energy  of  proteids  by  direct  experiments  upon  animals. 
In  these  experimenti?  the  heat  value  of  the  proteid  fed  was  directly 
(letcriiiined  by  burning  a  sample  in  a  calorimeter.  Then  after  feed- 
ing a  known  amount  of  the  proteid  tlie  urine  and  feces  were  col- 
lected and  their  heat  value  was  determined  in  the  same  way. 
The  difference  l^etween  the  total  heat  value  of  the  proteid  fed  and 
the  heat  value  lost  in  its  excreted  products  in  the  feces  antl  urine 
gave  tlic  actual  heat  energ\'  obtained  from  the  proteid  by  the  ani- 
mal body.  Results  obtained  by  this  method  give  an  average  value 
for  1  gm.  proteid  of  4100  calories  (4.1  C.),or,  since  proteid  containa 
an  average  of  16  i>er  cent,  of  nitrogen,  we  may  say  that  1  gm.  of  ni- 
tn^gen  ingested  as  proteid  has  a  heat  value  of  4.1  X  6.25  =  25.6  C. 
The  figure.s  that  are  used,  therefore,  in  estimating  the  heat  value 
of  our  foodstuffs  are: 

1  gm.  proteid  —  4100  calories  <4.1  C). 

1  pm.  carbohydrate  =  4100  calories  (4,1  C\), 
1  gm.  fat  =-  9305  calories  (9.3  C). 

.Making  use  of  tliese  value.s.  it  is  obvious  that  wo  can  calculate  the 
total  heat  value  of  any  given  diet.  If  we  analyze  the  food  for  its 
composition  in  the  three  principal  foodstuffs  we  may  determine  how 
many  calories  will  be  furnished  to  the  body.  In  many  of  the  tables 
p!iblislied  to  show  the  comjxjsition  of  the  different  foods  figures  are 
given  also  to  express  their  heat  value  or  potential  energy,  on  the 
belief  that,  for  the  most  part,  oiu"  food  is  used  as  fuel  to  supply 
energ>'  to  the  body.  These  values  for  some  of  our  ordinary  foods 
are  as  follows:  * 

Pboteid. 

Beefsteak,  porterhouse 19.1 

Heef-teak.  round  (lean)  .  20.2 

Ci>nie*l  lH>ef  (raiine*!)  .  26.3 

Veal,  leg  (lean) .  19.4 

Veal  liver .  19.0 

Mutton,  lejr  (lean) 10.5 

Pork,  ham  (fresh,  lean) 24..S 

Pork  choi^i.  medium  fat 13.4 

Chicken  (fowl) 13.7 

Phft,! 9.4 

Shad  roe 20.9 

I'4?irs 11.7 

Milk .  3.3 

Onlmeal .  10. 1 

nio€ 8.0 

Wieat  flour  (entire  wheat) 13.8 

flreen  peas 7.0 

Potat/jes  (raw) 2.2 

Ppinach 2.1 

Tomatoes D.O 

Apples 0.4 

Bananas .  1.3 

♦  Selet'ted  from    Atwater   and    Rryj 
United  States  Department  of  Agriculture,  1S99 
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1.3 
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0.9 
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13 
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24.2 

.... 

0.8 
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12.3 

.   .  - 

0.7 

775 

4.8 

. 

0.7 

380 

3.8 

2.6 

1.5 

600 

10.7 

0.7 

580 

4.0 

5.0 

0.7 

325 

7.2 

G7.5 

1.9 

184i<l 

0.3 

79.0 

0.4 

1G30 

1.9 

71.9 

1.0 

ir>75 

0.5 

16.9 

1.0 

465 

0.1 

18.4 

1.0 

385 

0.3 

3.2 

2.1 

no 

0.4 

3.9 

0.5 

105 

0.5 

14.2 

0.3 
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0.8 
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It  must  be  borne  in  mind,  however,  that  the  entire  nutritional  value 
of  a  food  is  not  expressed  in  its  heat  vahie^-some  of  our  food  mate- 
rial— the  green  foods  and  fruits,  for  example — are  usefiil  and  in  a 
measure  essential  tjecause  of  their  salts  and  organic  acids.  In  a 
general  way,  however,  the  heat  energy-  of  a  food  expresses  its  value 
as  a  meaas  for  maintaining  the  botJy  in  a  noruiul  cuuditioii. 

Dietetics.^Thc  subject  (>f  the  proper  nourishnicnt  of  imlivid- 
uals  or  coHection  of  individuals  in  liealth  and  in  i^ickness  is  treated 
usually  in  works  upon  hygiene  or  dietetics.  The  practical  details 
of  the  preparation  ami  composition  of  diets  must  be  obtained  from 
such  sources.*  The  general  princifiles  upon  winch  practical  diet- 
ing dei>end5  have  i>een  obtained,  however,  from  experimental  work 
upon  the  nutrition  of  man  and  the  lower  animals,  some  account  of 
which  has  l>een  given  in  the  foregoing  pages.  In  a  healthy  adult  the 
main  objects  of  a  diet  are  to  furnish  :^ulficient  nitrogenous  and  non- 
nitn>genous  foodstuffs,  salts,  and  vvaterto  maintain  the  body  in  e<|ui- 
librium  of  material  and  of  energ\' — that  Ls,  the  diet  must  furnish  the 
material  for  the  regeneration  of  tissue*  and  the  material  for  the  heat 
profjuced  and  the  muscular  wxjrk  done.  Nutritional  exj)eriments 
pn»ve  that  this  object  may  l>e  aecomplished  by  proteid  food  alone 
together  with  salt«  and  water.  It  is  doubtful,  however,  whether, 
in  the  case  of  man,  such  a  diet  could  be  continued  for  long  |jeriods 
without  causing  some  nutritional  disturbance,  directly  or  indi- 
rectly. It  will  be  rememl>eri>d  that  a  pure  meat  diet  is  not  entirely 
proteid,  since  all  Hesh  contains  some  fats  and  carbohydrates  (glyco- 
gen). The  functions  of  a  diet  are  accomiilishe<I  more  eiisily  and 
more  economically  when  it  is  comfX)seil  of  proteids  and  fats,  or  pro- 
teitls  and  carbohyd rates »  or,  as  is  almost  universally  tlie  case,  of 
proteids.  fats,  and  carbohydrates.  The  experience  of  mankind 
shows  that  such  a  mixed  diet  is  most  l>eneficial  to  the  body  and 
most  satisfying  to  that  valuable  regulating  mechanism  of  nutrition, 
the  appetite.  The  pro{X)rtions  in  which  the  proteids,  fats,  and 
carbohydrates  are  mixed  in  a  diet  var>-  greatly  among  riifferent 
nations  and  individuals.  So  far  as  tJie  fat^s  an<l  carhohydrates  are 
concerned,  their  use  is  mainly  that  of  fuel  to  supi>ly  energ}',  and 
from  this  standpoint  we  ought  to  be  able  to  exchange  them  in  the 
diet  in  the  ratio  of  their  heat  values. 

This  ratio,  or  as  it  is  frequently  called,  the  isodynamic  efpnva- 
lent,  is  as  9.3  to  4.1  or  2.3  to  1.  and  witltin  the  limits  i^ermitted  by 
the  appetite  we  should  }>e  able  to  substitute  1  part  of  fat  for  2.3 
parts  of  sugar  or  starch.  Experiments  upon  animals  as  well  as 
the  experience  of  mankind  show  that  this  substitution  can  l)e  ma<ie. 

•  For  pnwtioal  (lipection.s  see  Cautier,  "  I/alimentation  et  les  r^'jnmos,*' 
1904;  Blvth,  "  Foods  :  their  Composltiou  anU  AnalysU." 
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This  fact  is  illustrated  in  a  general  way  by  the  different  diets  recom- 
mended by  various  physiologists,  as  follows: 


AVERAOK  DlinS  AND  THKIR  HE.\T  VALUES. 

MOI.ESCHOTT.  RaXKE.  VoIT. 


Proteid 130  enu  . 

Fttla 40     •• 

C&rbohy  dratee .  5£0     " 


•  ■    533.000 

.     372.000 

■  ■  2.g7&.000 

2.980.000 


100  ffOB, 

100     " 
240     " 


Pmtdd 131  Kins 

Fata 68     " 

Carbohydratas.494     " 


FOR«T£R. 

507.100 


.  632.4(HI 
1.825.400 
2,024.000 


Calohica. 
..  410.000 
..  930,000 
■  ■  0B4.000 
2.324.000 


Calobiia. 

118  KOI-.      ..     483.000 

.W      ■       ...     520.800 

500     •■       .  .    2.050 JOO 

3.053.800 


125  gnia. 
125     ** 
400     " 


At  WATER. 

Calomcs. 

512.500 


.1.172.500 
.  1 .640.000 
3,325,000 


The  average  heal  vahie  of  these  <liets  Is  equal  to  2,741 ,540  calo- 
ries. In  rouiul  numbers  it  ts  usually  estimated  that  the  diet  should 
furnish  daily  2,400,0<K)  t'al<iries  for  an  individual  weighing  60  kgms., 
or  about  40,000  calories  perkgm.  of  body-weight.  It  will  l)e  notice*! 
that  in  ail  cases  the  greatest  portion  of  this  energ}'  is  obtained  from 
the  carbohydrate  food,  w*hich,  on  account  of  its  economy,  its  abun- 
dance, and  itii  ea:^^  of  <ligestion  and  oxidation  in  the  l>ody.  consti- 
tutes the  Inilk  of  our  diet.  In  cases  of  excessive  nuiscular  work 
the  footl  eaten  may  suppl}'  more  than  twice  the  average  heat  value 
given  above.  Thus,  Atwater  and  Sherman*  estimate  that  in  a  six- 
day  bicycle  race  by  professionals  the  heat  value  of  the  fomi  for  the 
different  participants  varied  from  4,770,000  to  6,095,tXXI  calories. 
Chittenilen,  in  the  work  previously  referred  to,t  has  raised  the 
question  whether  the  heat  value  of  the  diet  ordinarily  employed 
is  unnecessarily  high.  In  his  own  ca.se  he  found  that  the  l>ody 
could  l)e  well  nourisheil  on  a  iliet  containing  a  total  heat  value  of 
only  l.(iOO.<MHJ  calories  or  2S.(M)0  calories  ]>erkgm.  of  body -weight 
instead  of  40.tMH>  calories.  The  diet  in  this  case,  it  will  be  remem- 
bered, contained  only  36  to  40  gms.  of  proteid  in  place  of  the  100  to 
13(J  gms.  recommended  in  the  diets  mentioned  above.  The  ques- 
tion thus  raised  is  one  that  must  be  decided  by  actual  experience. 
Mankind  is  guided  and  has  !>een  guided  in  all  times  by  the  control 
of  the  api^etite,  and  if  scientific  experiments  indicate  that  this 
regulator)'  apparatus  leatis  us  to  ingest  more  food  than  is  actually 
required  for  the  machinery  of  the  Ixxly  it  remains  for  obsen'ation 
and  experiment  to  determine  whether  this  excess  is  beneficial  or 
useless  or  perhaps  even  harmful. 

Munk  gives  an  interesting  table  showing  how  much  of  certain 

*  Bulletin  OS,  Unilod  Statea  Department  of  Agriculture.  1001. 
t  Cluttenden,  "  Physiological  Economy  in  Nutrition,"  1905. 
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familiar  articles  of  foo<l  would  he  neeessarj^,  if  taken  alone,  to  supply 
the  requisite  daily  amount  of  proteitl  or  non-proteid  food;  his  esti- 
mates are  based  u]Kjn  the  j)erferitaf;e  foiu[XJsiLion  of  the  foods  and 
upon  experimental  data  showing  the  extent  of  absorption  of  the 
foodstuffs  in  each  food.  In  this  t-able  he  supposes  that  the  daily 
diet  should  contain  110  gms,  of  proteid=17.5  gma.  of  N,and  non- 
proteids  sufficient  to  contain  270  gms.  of  C: 

FoH  110  Gm».  Photeid       —       __-  «       „ 
(17.6  Gmb.  N>.  f^o»  270  Cms.  C. 

Milk 2900  gms.  3800  gms. 

Meat  (lean) 540     "  2000     " 

Hen's  eKgs 18  eg^.  37  eggs. 

Wlieat  fluur 800  gnis.  670  gms. 

Wheat  bread 1650     "  1000     '* 

Rve  bread IWK>     "  1100     " 

Rice 1870     "  750     " 

Corn 990     "  660     " 

Peas 520    "  750    " 

Potatoes 4500     "  2550     " 

As  Monk  |xiints  out,  this  talile  shows  that  any  single  food,  if  tiiken 
in  quantities  sufficient  to  supply  the  nitrogen,  wonUl  give  too  inuch 
or  too  Httle  carbon  and  the  reverse;  those  animal  footls  which,  in 
certain  amounts,  suppfy  the  nitrogen  needed  fuminh  only  from  one- 
fourth  to  two-thirds  of  the  necessar>'  amount  of  carbon.  To  live 
for  a  statefi  i:>erio<l  ui>on  a  single  article  of  food — a  <liet  scunetimes 
recommended  to  reduce  obesity — means,  then,  an  insiiflicient  quan- 
tity of  either  nitrogen  or  carl>on  and  a  consequent  loss  of  body 
weight.  Such  a  method  of  dieting  amounts  practically  to  a  partial 
stan'ation.  In  practical  tlieting  we  are  accustomed  to  get  our 
supply  of  f>rntei<ls,  fats,  anil  carbohydrates  from  bot!i  vegetable 
and  animal  foods.  To  illustrate  this  fact  by  an  actual  cjise.  in 
which  the  food  was  carefully  analyzeil,  an  experimenter  weighing 
67  kgms.  reconls  (Jiat  he  kept  himself  in  nitrogen  equilibrium  upon 
a  diet  in  which  the  proteid  was  distributed  a^  folItAvs: 

300     gms.  meal  =  63.08  gms.  proteid  =  9.78    gms.  X. 

666.3  c.c.  milk  =  18.74     "          "  =  2.905     "      '* 

100     pns.  rice  =  7.74     "          "  =  1.2         "      " 

100        "     bread  =  11.32     "          **  ^  1.755     "      " 

500    c.c.  wine  =  1.17     "          "  =  0.182  gm.     " 

102.05     "  "  --       15.868  pms.   " 

For  a  person  in  health  and  leading  an  active,  normal  life,  appetite 
and  experience  seem  to  be  safe  and  sufficient  guides  by  which  to 
control  the  diet;  Init  in  conditions  of  disease,  in  regulating  the  diet 
of  chililren  and  of  collections  of  tndivi<hials.  scientific  rlieting.  if  one 
may  use  the  phra.se,  has  accomplished  much,  and  will  l)e  of  greater 
service  as  our  knowledge  of  the  physiology'  of  nutrition  increases. 
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CHAPTER  LI. 

THE  PRODUCTION  OF  HEAT  IN  THE  BODY— ITS  MEAS- 
UREMENT AND  REGULATION— BODY  TEMPERA- 
TURE--CALORIMETRY"PHYSIOLOGICAL 
OXIDATIONS, 

It  is  custonian'  to  date  our  modern  klea-s  of  the  origin  of 
animal  heat  from  the  time  of  Lavoisier  (1774-77).  To  the  older 
physiologists  it  was  a  most  difficult  problem.  The  animal's  body 
protluces  heat  continually  and  maintains  a  temperature  higher,  as 
a  rule,  than  that  of  the  surrounding  air.  Since  oxygen  and  the 
nature  of  ordinary  romhu.stions  were  unkno^sii,  they  naturally 
explained  this  heat  formation  hy  reference  to  causes  which  the 
science  of  the  day  had  shown  to  be  capable  of  producing  warmth, 
such  as  friction  and  fennentation.  Haller  (1757),  for  instance, 
taught  that  the  hotly  heat  arises  mainly  from  the  friction  of  the 
circulating  blood  and  the  movements  of  the  heart  and  blood-vessels, 
and  this  view  found  currency  in  text-books  well  into  the  nine- 
teenth century.  Lavoisier  first  gave  to  the  physiologist  the  con- 
ception that  the  heat  produced  in  the  body  is  due  to  a  combustion  or 
oxitlation,  and  that  therein  lies  the  significance  of  our  respiration 
of  oxygen.  He  Jjelieved  himself  that  this  oxidation  takes  place  in 
the  lungs, — that  is,  the  blooti  brings  to  the  lungs  a  hydrocarbon- 
oiis  material  which  is  attacked  by  the  oxygen  and  burnt  with 
the  formation  of  water  ami  carlx>n  dioxid  and  the  liberation  of 
heat.  Later  experimenters  demonstrated  that  the  heat  production 
does  not  occur  in  the  lungs,  at  least  not  exclusively,  but  over  the 
whole  of  the  body.  After  a  long  and  interesting  controversy  it  was 
also  shown  satisfactorily  that  the  oxidations  of  the  l>ody  do  not 
occur  in  the  blood,  but  in  the  tissues  tliemselves.  The  oxygen  is 
transported  to  the  cells  ami  there  does  its  work  of  efTecting  oxi- 
dations and  giving  rise  to  heat.  This  heat  is  equalized  more  or 
less  over  the  whole  body^  chiefly  by  the  circulation  of  the  blood, 
which  absorbs  heat  from  the  warmer  organs  and  distributes  it  to 
the  cooler  ones.  The  ImkIv  temj>erature  is  maintained  at  a  ncArly 
constant  level  by  an  intricate  adjustment  of  physiological  reflexes 
which  together  constitute  the  heat-regtdating  mechanism.  Such 
in  brief  is  the  general  theory  of  our  time  regarding  heat  production 
in  the  bodv.    Manv  of  the  problems  that  interested  the  older  phvs- 
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iologists  have  been  solved  satisfactorily,  but  there  remain,  of  coixrse, 
many  more  to  interest  this  atul  succeeding  generations.  Investi- 
gations in  this  field  at  present  are  directetl  mainly  to  an  effort  to 
understand  the  details  of  the  heat-regulating  ajiparatiis,  on  the  one 
hand,  and,  on  the  other,  to  comprehend  more  satisfactorily  the 
nature  of  the  process  of  oxidation.  This  latter  problem  is  one  of 
common  interest  at  i>reserit  in  chemistry  auti  in   physiology. 

The  Body  Temperature. — We  divide  aninmb  into  the  two 
great  classes  of  warm  blonde*!  and  cohl  blooded,  according  as  their 
temperature  is  or  is  not  above  that  of  the  surrounding  air.  In 
this  sense,  birds  and  mammals  are  warm  blooiled  and  reptiles, 
amphibia^  and  fishes  arc  rM  blfKuIcd.  The  names,  however,  are 
badly  chosen.  The  difference  of  deepest  significance  between  the 
mammals  and  birtJs,  on  the  one  hand,  and  the  fishes,  amphihia,  and 
reptiles,  on  the  other,  is  that  in  the  former  the  body  temperature 
is,  within  wide  limits,  inde|>€ndent  of  the  outride  temf>i?rature;  it 
remains  practically  constant  during  winter  and  summer,  whether 
the  stirrounding  air  is  hotter  or  cooler  than  the  Ixxly,  They  are, 
therefore^  constant-temperature  animals  (homoiothermous).  The 
reptiles,  amphibia,  and  fishes,  on  the  contrar>%  have  a  body  tem- 
perature that  changes  with  the  environment.  On  winter  days 
their  temi^erature  is  low,  approximately  that  of  the  surrounding 
air  or  water,  and  in  summer  their  body  temperature  rises  to  cor- 
respond with  that  of  the  outside.  Strictly  speaking,  they  are  cold 
blooded  only  in  cold  surnMuulin^.  This  gninpmay  be  designatetl 
as  the  changeable-temixrature  animals  (poikilolherraous).  The 
wami-l>looded  animals  maintain  a  constant  high  Ixidy  temperature 
because  their  oxidations  are  more  rapid  aiul  they  jxissess  a  heat- 
regulating  mechanism.  In  the  cold-l>lo(Klcd  animals  the  oxidations 
are  not  so  intense,  and  a  heat-regulating  meclianism  is  absent  or 
poorly  developetl.  The  hibernating  animals  form  a  group  inter- 
mediate in  many  ways  between  these  two  classes.  They  ix)sses6  a 
heat-regulating  apparatus  that  maintains  a  constant  botly  tem- 
perature un<ler  most  conditions,  luit  breaks  down  in  ver>"  cokl 
weather;  so  that  <luring  the  period  of  winter  sleep  their  tem- 
perature is  but  little  above  that  of  the  surrounding  air.  In 
some  of  the  cohl-blooded  animals  the  production  of  heat  is  more 
rapid  during  warm  weather  than  its  loss;  so  that  they  exhibit 
a  body  temj>erfl(ure  slightly  higlier  than  the  surr<iun<ling  me- 
dium. A  hive  of  bees  in  activity  may  raise  the  temperature 
within  the  hive  through  a  numlier  of  degrees  and  snakes  and 
many  reptiles  show  a  temperature  of  2°  to  8°  C.  above  that  of 
the  air.  iSo  also  some  reptiles  possess  a  nidimentar>'  means  of 
protecting  their  bodies  from  too  great  a  rise  of  tem|>erature, — 
for  instance,  by  accelerated  breathing  whereby  more  water  is  evap- 
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Among  physiological  conditions  that  influence  the  body  tempera- 
ture, mustnilar  work  and  meals,  as  stated  above,  have  the  most  posi- 
tive effect.  Marked  muscular  activity  implies  a  great  increase  in 
the  production  of  heat  in  the  lx)dy  and  most  observers  iind  that 
rhe  initial  result  at  least  is  a  small  rise  in  hixiy  tem|)erature, — a  fact 
\vhic;h  iiitlicates  that  the  heat  regulation  is  not  perfect;  the  excess 
of  heat  produced  is  not  dissipated  promptly.  In  the  peritiil  of  rest 
following  upon  work,  on  the  contrary,  the  body  temjjerature  may 
fall,  owing  pmhably  to  the  fact  that  more  heat  is  lost  through  the 
flushed  skin  than  is  produce<l  within  the  body.  In  this  nuitter  of 
the  effect  of  nniscular  work  irulividual  varialions  are  to  Ih*  expectetl, 
since  the  perfection  of  the  heat-rc^^ulating  raechanimiis  may  var>' 
somewhat  in  different  persons.  Meals  also  cause  a  slight  rise  in 
body  temjX!rature»  which  reaches  its  maxinuim  al)Out  an  hour  and 
a  half  after  the  ingestion  of  the  food.  The  explanation  in  thLs  case 
also  is  to  \ye  found  doubtless  in  a  greater  production  of  heat,  ilw?  to 
the  increased  metabolism  in  the  secreting  glands,  the  liver,  antl  the 
musculature  of  the  gastro-intestinal  canal.  The  excessive  proihiction 
of  heat  is  not  coni]KmHated  completely  by  a  corresponding  increase  in 
the  heat  dissipated.*  It  is  sulTiciently  olivious,  jierhaps.  from  these 
facts  that  the  temperature  as  measureil  by  the  thernmmeter  is  a 
balance  between  the  amount  of  heat  produced  and  the  amount  of 
heat  lost  or  dissipated.  The  thcruiotneter  alone  gives  us  no  cer- 
tain indication  of  the  ((uanity  of  heat  pmduced  in  the  body.  A 
temperature  higher  than  normal,  fever  temperature,  may  be  due 
either  to  an  excessive  production  of  heat  or  to  a  deficient  dissipa- 
tion. To  understand  and  contnd  the  processes  by  which  the  body 
temperature  is  kept  normal  it  is  necessar}*  to  discover  a  means  for 
ascertaining  at  any  time  the  actual  quantities  of  heat  produced 
and  dissipateil.  and  the  effect  upon  each  factor  of  different  normal 
and  pathological  conditions.  The  mean.s  used  for  this  pur|>f»se  is 
the  method  of  calorimotry.  It  is  necessary,  therefore,  to  describe 
the  principle  and  coustrnction  of  calorimeters  and  the  methods  of 
calorimetry  l>cf()rc  attempting  to  e.Kplain  the  mechanism  of  heat 
regulation. 

Calorimetry.— A  calorimeter  is  an  instrument  for  measuring 
the  quantity  of  heat  given  off  from  a  body.  The  unit  employed  in 
these  determinations  is  the  calorie, — that  is,  the  amount  of  heat 
necessan' to  raise  1  gm.  of  water  l°C-,or  more  accurately  the  amount 
of  heat  required  to  raise  1  gm.  of  water  from  15"  to  16°  C.  This 
unit  is  sometimes  designated  as  a  .small  calorie  to  distinguish  it 
from  the  large  calorie  (C), — that  is,  the  quantity  of  heat  necessary 
to  raise  1  kgm.  of  water  I*'  C.    The  large  cak>rie  is  equal  to  1000 

•  For  further  details  »ee  Kiohet,  *'  La  chaleur  aniniule,  "  1889;  and  Pem- 
brey,  "Animal  Heat,"  Schaefer'n  "Text-book  of  Phj-siology,"  vol,  i,  1898. 
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small  calories,  lu  physiology  calorimeters  have  beeji  usetl  for  two 
main  pur{>oses:  to  determine  the  heat  equivalent  of  footls, — that  is, 
the  amount  of  heat  given  off  when  the  various  foodstuffs  are  burned, 
— and,  seeontlly,  to  determine  the  heat  produeed  and  the  heat  dissi- 
pated by  living  animals  during  a  given  period.  For  the  first  pur- 
pose the  apparatus  that  is  most  fre<(uently  employed  at  present  is 
the  l)oml)  calorimeter  deviserl  by  IJerthelot.  The  bomb  consists 
of  a  strong  steel  cylinder  in  which  the  food  to  be  burned  is  placed 
anti  which  is  filled  with  oxygen  under  high  pressure.  The  combus- 
tion of  the  foodstuff  is  initiated  by  means  of  a  spiral  of  platinum 


Fig.  266. — Roichert's  wRler  calorimeter. 

wire  heateil  by  an  electrical  current.  The  lK>mh  is  immersed  in 
water  and  the  heat  given  off  raises  the  water  to  a  measured  extent 
of  temi>erature.  The  weiglit  of  water  l:)eing  known,  the  amount  of 
heat  is  easily  expressetl  in  calories.  For  the  purjwse  of  measuring 
the  heat  given  off  by  living  animals  two  principal  forms  of  calonm- 
eter  are  used,  each  form  having  a  number  of  modifications.  These 
two  forms  are  the  water  calorimeter  and  tlie  air  calorimeter.  The 
water  calorimeter  was  the  form  used  in  the  first  experiments  on  rec- 
ord (Crawford,  1779).  In  principle  it  consists  of  a  double-walled 
box  with  a  known  weight  of  water  between  the  walls.     The  animal 
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is  placed  in  the  inner  box  and  the  heat  given  off  ib  absorbed  by  the 
water.  Ivnowing  the  weight  of  the  water  and  how  much  its  tem- 
perature is  raised,  the  data  are  at  hand  for  determining  the  number  of 
calories  given  off  during  the  experiment,  A  recent  form  of  this 
variety  of  calorimeter  used  in  this  counlr\'  by  Reichert  is  shown  in 
Fig.  266.  It  consists  of  two  roncentrie  b<jxes  uf  metjil  with  a  space 
between  them  of  about  one  and  a  half  inches.  Tlic  animal  is  placed 
in  the  inner  box  [A).  The  two  boxes  are  incloseil  in  a  large  wooden 
box,  the  space  between  the  metal  and  wooden  boxes  being  filled 
with  shavings  (SH).  The  object  of  this  outer  box  is  to  prevent 
radiation  of  heat  from  the  metal  boxes.  The  tubes  EN  ami  EX^ 
which  lead  into  the  interior  chamber  containing  the  animal,  are  for 
the  entrance  and  exit  of  the  ventilating  air.  A  thermt)meter  is 
placed  in  each  to  tletermine  the  heat  carried  off  by  the  air.  The 
thermometer,  CT,  measures  the  temperature  of  the  water,  and  S  in 
a  stirrer  to  keep  the  water  well  mixed  and  thus  insure  a  uniform 
temperature.  When  the  animal  Ls  placed  in  the  apparatus  the 
heat  given  off  warms  not  only  the  water,  but  also  the  metal;  so 
that  to  determine  the  total  heat  the  weight  of  metal  must  l>e  re- 
duced to  an  er)uivalent  amount  of  water  by  multiplying  its  weight 
by  its  specific  heat,  or,  a  moresimi)lc  metho<b  the  colon  metric  equii'- 
alrrU  of  the  apparatus  is  determined, — that  is,  the  actual  amount  of 
heat  necessary'  to  raise  the  temperature  of  the  ajiparatus,  water  and 
metab  one  degree.  This  value  is  obtained  hy  burning  in  the  appa- 
ratus a  known  weight  of  some  substance  (alcohol,  hyilrogen)  whose 
heat  of  combustion  is  known.  Knowing  how  much  heat  is  given 
off  by  this  combustion  and  how  much  the  temperature  of  the 
apparatus  is  raisetb  the  calorimetric  equivalent  is  easily  calcu- 
lated and  may  be  used  subse<iuently  in  estimating  the  resuhs  ol>- 
tained  from  animals.  In  the  use  of  the  apparatiis  many  i)recau- 
tions  must  be  obser\'ed.  These  j^ractical  details  neetl  not  l>e  des- 
cribed here  except  tosay  that  account  must  l)e  t^ken  of  the  warm- 
ing of  the  air  used  to  ventilate  the  apparatus  arul  tjf  any  changes 
in  the  amount  of  its  moisture.  The  calorimeter  used  in  this  way 
measures  directly  the  amount  of  heat  given  off  from  the  animal 
during  the  periofl  of  observation.  The  amoimt  of  heat  pro<luced  in 
the  animal's  bo<ly  (hiring  this  time  may  l)e  the  same,  or  may  be 
more  or  li^ss.  To  arrive  at  a  knowledge  of  this  factor  observations 
must  be  made  u|xm  the  animal's  body  temperature  by  means  of  a 
thermometer  in  the  rectum.  If  this  body  temj>erature  is  the  same 
at  the  end  as  at  the  lieginning  of  the  experiment  then  it  is  obvious 
that  the  heat  produced  must  have  been  equal  to  the  heat  lost.  If 
the  animal's  body  teniixrature  has  fallen,  then  it  is  evident  that 
Jess  heat  has  l)een  produced  than  was  lost.  To  ascertain  how  much 
less,  the  weight  of  the  animal  is  multiplied  by  its  specific  heat  (0.8) 
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to  reduce  it  to  so  much  water,  and  this  product  is  multiplied  by  the 
tlifference  in  body  temjx^rature  at  the  l>egimiing  and  the  end  of  the 
experiment.  The  pruduct  is  obtained  in  calories  and  b  subtracted 
from  the  amount  of  heat  lost,  as  determined  hy  the  calorimeter,  to 
obtain  the  amount  of  heat  produced.  If,  on  the  contrarj^,  the  ani- 
mal's temperature  has  risen  liuring  the  experiment  the  bwly  has 
prrxluced  more  heat  than  it  has  dissipated.  The  increase  may  be 
determined  as  above  by  multiplying  the  weight  of  the  animal,  the 
sjiecific  heal  of  the  body,  aiul  the  difference  in  temperature.  This 
amount  added  to  tlie  heat  lot^t  gives  the  heat  produced. 

Most  recent  investigators  have  used  some  form  of  air  calorimeter. 
An  air  calorimeter  consist^s  essentially  of  a  double-walled  chamber 
or  l>ox  with  air  between  the  walls.  The  animal  is  placed  in  the 
inner  box  and  the  heat  given  oil  is  measured  by  the  exjiaiision  of 
the  air  between  the  walls.     Many  different  forms  are  used,  prefer- 


rr=^ 


F\if.  267. —  O'AriKinvftl's  diflerentiul  calurioieter. 


ence  being  given  to  some  modification  of  the  differential  air  calo- 
rimeter. In  this  last-named  in.stniment  two  exactly  similar  chambers 
are  constructed  ;  one  contains  the  animal  while  the  other  serve:^  as  a 
dummy.  These  two  chambers  are  balanced  against  each  other, 
the  air  space  in  the  dumnu'  l>eing  heatetl  by  immersion  in  a  bath  or 
by  burning  hydrogen  in  the  interior.  As  these  sources  of  heat  are 
knovni  anrl  can  be  controlled,  it  is  evident  that  if  the  dummy  Is 
made  to  balance  exactly  the  chami>cr  containing  the  animal  the 
aniormt  of  heat  given  off  in  each  is  the  same.  The  principle  of  the 
differential  calorimeter  is  rei>resented  in  Fig.  267.  which  gives  a 
schema  of  the  form  originally  eniployed  by  d'Arsonval;  8  and  8' 
represent  the  two  caluriiiieiers,  in  one  of  which  the  animal  is  placed 
while  the  other  acts  as  dummy.  Each  is  double  walle<l  and  the 
air  spaces  are  connected  by  tulies,  10  and  10',  to  small  gasomet«n, 
4,  4',  .suspended  in  water  and  hung  on  opjx>8ite  sides  of  a  bo 
The  movements  of  these  gasometers  antagonize  each  other 
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resultant  may  be  recortled  upon  smoked  paper,  as  indicated  in  the 
figure.* 

The  Respiration  Calonmeler. — When  a  calorimeter  is  so  arranged 
that  the  composition  of  llie  air  <lrawn  through  the  apparatus  for 
ventilation  can  be  determined  as  well  as  the  amount  of  heat  pro- 
duced, the  apparatus  l>ecomes  a  respiration  calorimeter.  In  such 
an  apparatus,  if  (>n>|)er  provision  is  made  for  analyzing  the  urine, 
the  feces,  and  the  food,  tlie  total  carlion  and  nitrogen  excretion  may 
be  obtained  simultaneously  with  the  heat  loss.  Since  we  may 
calculate  fmm  the  carlK>n  and  nitrogen  excretion  how  much  pro- 
teid,  fat,  and  caHjohydrate  have  been  burnt  in  thelxjdy.and  since 
the  heat  values  of  those  constituents  are  known,  it  is  evident  that 
we  may  reckon  indirectly  how  nmch  heat  ought  to  Ije  protluced 
from  the  coral>ustion  of  so  much  material.  This  metliod  of  arriv- 
ing at  the  heat  pnxluction  is  liesignated  imUrcvi  cahrimeinj.  With 
an  ade^fuate  respiration  calorimeter  It  is  ix>ssibie  tu  ascertain 
whether  the  results  calculated  by  the  metho<l  of  indirect  ealorim- 
etr>'  really  correspond  with  the  heat  obtained  by  direct  measure- 
ment. In  the  hamls  of  good  observers  the  correspomlenee  is 
very  close,  and  gives  substautiai  pmof  of  the  scientific  Ijelief 
that  in  the  Uving  body  the  energy  lil>erateil  as  heat  or  as  iicat 
and  work  is  all  contained  in  potential  form  in  the  foodstuffs 
eaten.  By  means  of  the  respiration  calorimeter  we  can  obtain  a 
balance  between  the  energy  income  and  outgo  {jf  the  body  as  well 
as  l>etween  the  material  income  and  <Hitgo, — that  is.  the  ciltIkui  and 
nitrogen  e<iuilibrium.  The  most  complete  and  elaborate  form  of 
respiratioc  calorimeter  used  is  that  devised  by  Atwaterand  Rosa  for 
experiments  upon  man.f  By  means  of  this  a[)paratu3  many  inter- 
esting ami  imjKirtant  exfjeriments  have  l)een  made  upon  the  nu- 
trition of  man  under  si^ecial  conditions.  Such  results  as  the  follow- 
ing ha\^  been  obtained  ( Atwatcr  and  Benedict)  in  the  case  of  a  man 
who,  while  in  the  apparatus,  did  much  muscular  work  on  a  bicycle 
ergo  meter: 


Income:  Potential   enorpy  of    rnateriai    nietalx)lized    in    ImkIv 

Outco    -'  ^®''?>'  K'^en  u\\  from  tlie  IjoJy  a.-*  heat.  .  .  .  4833 Cuf. 

^      i  Heal  equivalent  of  muscular  work 602  Cat. 


5435  Cat. 


5459  Cal 


5435  Cal 


Experimenlnl  error 24  Cal. 

•  For  detailed  acroiints  of  srwrial  forms  of  air  calorimeteis  sec  Ruliner, 
" Calorimetri»ohe  Methodik/'  IftOI ;  and  Rosentlial,  "  Arrhiv  f.  Plivsiol- 
ofrie."  18tt7,  |>.  170. 

t  See  At  water  and  Ro«a,  Hidletiii  63.  Tnitcd  States  Dennrtrnent  of  Agri- 
culture, ISW;    a  recent  improvements,  At  water  and  Benedict,   1905. 
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Results  of  Calorimetric  Measurements. — ^The  actual  results 
obtainoW  from  direct  calorimetric  ineitsurements  corroborate  those 
deduced  frc/in  the  study  of  the  energy  given  ofif  in  the  oxidation  of 
the  foodstuffs  of  the  daily  diet.  Tliey  show  that  man  gives  off  heat 
from  his  body  to  the  amount  of  4(),<)(H)  to  50,000  calories  per  kgra. 
of  weight  during  24  hours  under  conditions  of  ordinary*  life, — a 
total,  therefore,  of  2,4<H»,mX)  to  ;-!/HK),lM)0  calories  per  day  for  an 
individual  weighing  (i(l  kgms.  'lliis  aiuoimt  is  increased  greatly 
under  conditions  demantling  much  muscular  work.  This  lose  of 
heat  is,  of  course,  made  good  by  the  production  of  an  equal  amount 
witliin  the  ]x)dy  by  the  oxidation  of  the  food  material.  Actual 
exjieriments  u|x>n  different  animals*  ehow  that  small  animals 
produce  more  heat  in  jjropurtion  to  their  weight  than  larger  animals 
of  the  same  species,  owing  to  their  relatively  larger  surface  and 
therefore  greater  loss  of  heat.  UJnLs  produce  and  lose  more  heat 
for  21  unit  of  surface  than  manimafs, — a  fact  which  indicates  tliat 
their  physiological  oxidations  are  more  intense.  According  to 
Ilichet,  a  sparrow  gives  off  per  unit  of  surface  five  times  as  much 
heat  as  a  rabbit.  According  to  Kubner,  the  sparrow  produces 
thirteen  times  aa  much  lieat  as  man  for  the  same  amount  of  tissue. 
In  infants,  owing  to  their  larger  surface  relative  to  the  mass  of  the 
body,  the  loss  of  heat  is  greater  than  in  the  adult. 

HEAT  REGULATION. 

From  a  general  standpoint  the  most  inij«ortant  problem  that  the 
physiologist  has  to  study  is  the  means  by  which  the  heat  production 
anil  heat  loss  are  so  regulated  as  to  maintain  a  practically  constant 
body  tenii>erature.  llxperiments  show  that  the  mechanism  of 
heat  regulation  is  very  complex  and  is  two-sided, — that  is,  the  body 
possesses  means  of  controlling  the  loss  of  heat  as  well  as  the  produc- 
tion of  heat,  and  under  the  conditions  of  normal  life  both  means 
are  \med. 

Regulation  of  the  Heat  Loss. — Heat  is  regularly  lost  from  our 
bodies  in  a  number  of  tlifferent  ways,  which  may  be  classified  as 
follows : 

1.  Tlirouph  the  excirta,  urine,  feres,  saliva,  which  are  at  the  temperature 

of  the  l)ody  wlicri  \'oide<l. 

2.  Tlirough  the  expired  air.     'I'hls  air  is  warmer  than  the  in^pireii  air, 

unU  iiK>re^>ver  is  nearly  ^atumted  witli  water-vapor.  The  vaporij«- 
tion  of  water  retjuirew  iieitt,  whicii  is,  of  course,  taken  from  the  Ixxly 
supply.  Ettcli  gram  of  water  requires  for  its  vajMarization  about  582 
calories. 

3.  By  evaporation  of  the  sweat  from  the  skin.     The  amount  lost  in  this 

way  mrreajics  naturally  with  the  amount  of  sweat  secreted. 

4.  By  fmuhjftioM  and  esijecially  by  radiation  of  heat  from  the  skin. 

♦See  Rubner,  "  Zcitschrift.  f.  Biologie,"  19,  535,  1S83;  and  Uichet,  "U 
chaleur  animale,"  1S89,  p.  224. 
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The  relative  values  of  these  different  means  of  heat  loss  are 
estimated  as  follows  by  Vierordt; 

1.  Bv  urine  an<l  feces 1.8  percent,  or       47,.'>00calnriea. 

2.  By  expired  air:  Warming  of  air 3.5      "  *'        84,500      '* 

Vaporization  of  water  from  lungs 7.2      "  **       182,120 

3.  By  evaporation  from  .skii* 14, "i       "  "       3H4.I20      " 

4.  By  raUialion  and  coiuluction  from  skin  .73.0      "  *'    1,791,820      " 

Total  daily  loss  -  2";:5(M).0OO      " 

In  man  this  loss  of  heat  Ls  regulate<l  chiefly  by  contnilling  the  im- 
portant factors  3  and  4.  We  accomplish  this  end  in  part  deliber- 
ately or  voluntarily  by  the  use  of  apprtipriatc  clr)thiog.  Clothing  of 
any  kind  captures  a  layer  of  warm  and  moLst  air  between  it  and 
the  skin  and  thus  diminishes  greatly  the  loss  by  evaporation  and 
by  ratiiation.  In  cold  weather  the  amount  and  character  of  the 
clotliing  is  changed  in  order  to  diminish  the  heat  loss.  The  ideal 
clothing  for  this  pur|>ose  is  nxaile  of  material,  such  as  W4)oI,  which, 
while  porous  enough  to  (x?rmit  adequate  ventilation  of  the  air  next 
to  the  skin,  is  at  the  same  time  a  poor  conductor  of  heat  and  thus 
diminishes  the  main  factor  of  loss  by  radiation.  The  most  impor- 
tant means  of  controlling  the  heat  loss,  however,  is  by  automatic 
reflex  control  through  the  sweat  nerves  and  the  vasomotor  nen'es. 
In  warm  weather  the  secretion  of  sweat  is  greatly  increased  by  re- 
flex stimulation  of  the  sweat  nerves.  The  greater  amount  of  water 
requires  a  greater  amount  of  heat  to  vaporize  it,  and  thus  the  heat 
loss  is  increjised.  The  value  of  this  control  is  illustrated  by  a  case 
recorded  b>'  Zuntz  *  of  a  man  who  jjossessed  no  sweat  glands.  In 
summer  this  intlividual  was  incaj>acitated  for  work,  since  even  a 
small  degree  of  muscular  activity  woidd  cause  an  increase  in  his 
body  temperature  to  40^=^  or  41'='  C. 

The  control  through  the  vasomotor  nen'es  is  doubtless  even 
more  important.  The  blood-vessels  bring  the  warm  blood  to  the 
skin,  where  it  loses  it^  heat  by  conduction  and  especially  by  radia- 
tion to  the  cooler  ain  When  the  surrounding  air  is  much  below  the 
tenijx^rature  of  the  body  the  vasoconstrictor  center  la  stimulated, 
the  blood-vessels  in  the  skin  arc  con.stricted*  the  supply  of  warm 
blood  to  the  skin  is  diminished,  and  therefore  the  amount  of  heat  kist 
is  less.  The  reflex  in  this  case  may  Ije  attribute<l  primarilv  to  the 
action  of  the  cool  air  on  the  cold  nerves  of  the  skin.  The  impulses 
carried  by  these  filjers  to  the  nerve  centers  stimulate  the  vasocon- 
strictor center  or  that  part  of  it  controlling  the  vasomotor  fil>ers 
to  the  skin.  On  warm  days,  on  the  contrar>%  the  blood-vessels 
in  the  skin  are  dilated  sometimes  to  an  extreme  extent,  the 
supply  of  warm  blood  is  therefore  increased,  and  more  heat 
is  lost  if  the  air  is  lower  in  temperature  than   the  blood.     The 

*  Zuntz.  "  Deutsche  medizinal-Zeitung,"  1903,  No,  25. 
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reflex  in  this  case  may  l>e  regarded  possibly  as  an  inhibition  of  the 
vasoconstrictor  center  through  the  warm  nerves  of  the  skin.  Sub- 
stances, such  as  alcohol,  which  cause  a  dilatation  of  the  skin  ves- 
sels also  increase  the  loss  of  body  heat,  in  some  cases  to  a  sufficient 
extent  to  lower  the  body  temperature.  To  a  smaller  extent  our 
heat  loss  is  controlled  thrraigfi  an  acceleration  of  the  breathing 
movements.  The  greatly  increased  re.sj>irations  in  muscular  ac- 
ti\Tty  must  aid  somewhat  in  eliminating  the  excess  of  heat  produced, 
although  this  factor  must  be  much  less  imjxirtant  than  the  sweating 
an<l  the  flushing  of  the  skin  which  are  jiroducetl  reflexly  during 
muscular  work.  In  some  of  the  lower  animals — the  dog,  for  in- 
stance— in  which  the  sweat  nen^es  are  absent  over  most  of  the  body 
and  in  which  the  coat  of  hair  interferes  with  the  free  loss  by 
railiation,  it  is  fouml  that  the  loss  through  the  respirator^'  channel  is 
relatively  more  important.  The  panting  of  the  dog  is  a  familiar 
phenomenon.  Riehet  has  studied  this  reflex  upon  dogs  and  has 
designated  the  greatly  accelerateil  breathing  in  warm  weather  or 
after  muscular  exercise  as  thermic  polypnea  (according  to  Gad. 
tachypnea).  He  assumes  a  si>eeial  center  for  the  refiex  situated  in 
the  medulla  an<l  acting  through  the  respirator}'  center.  It  is  a 
curious  fact,  as  shown  by  Langlois,  that  some  reptiles  exliibit  a 
similar  reflex;  when  their  body  temperature  is  raised  to  39**  C.  they 
show  a  comlition  of  marked  jxilypnea  (rapid  breathing)  the  ap- 
parent object  of  which  is  to  augment  the  loss  of  heat  from  the 
body. 

Regulation  of  Heat  Production. — Heat  production  is  varied 
in  the  body  by  increasing  or  <!ecreasing  the  physiological  oxida- 
tions. This  end  is  effected  in  part  voluntarily  by  muscular  exercise 
or  by  taking  more  food.  Muscular  contractions  are  attended  by 
a  marked  liberation  of  heat  an<l  it  is  a  part  of  everyone's  experience 
that  by  work  or  muscular  activity  the  effect  of  outside  cold  may  be 
rounteractetl.  In  the  va^.  of  food  the  body  bums  promptly  most 
of  the  material  of  a  daily  diet.  By  increasing  the  diet  in  cold 
weather  provision  is  matle  for  the  greater  supply  of  heat  required. 
In  normal  individuals  this  regulation  is  not,  strictly  s]>eaking. 
voluntary*.  Outside  cold  is  most  effective  in  stimulating  the  appe- 
tite and  thus  leading  us  (o  increase  the  <liet.  In  this,  as  in  other 
resj^ects,  the  apj>etite  sen'es  to  control  the  amount  of  food  in  pro- 
portion to  the  needs  of  the  body.  The  purely  involuntary  control 
of  heat  production  consists  of  an  involuntary  reflex  upon  muscu- 
lar metabolism  and  possibly  in  the  existence  of  a  special  set  of  heat 
centers  and  heat  ner\'e8.  With  regard  to  the  first  effect  we  have 
the  striking  experiments  quoted  by  Pfluger,*  according  to  which  a 
rabbit  paralyzed  by  large  doses  of  curare  is  no  longer  able  to  main- 
♦  Pfluger.  "  Archiv  f.  die  gesammte  Physiologie,"  18.  255,  1S78. 
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tain  ita  body  tem()prature  when  the  outside  temperature  is  changed. 
The  rabbit  behaves,  in  factv  like  a  cokl-bloo<lerl  aiiimal.  In  the 
calorimeter  it  shows  a  marked  loss  of  heat  production p  aiul  its 
temperature  may  be  nmile  to  go  up  and  down  with  the  outside 
temi^eniture.  The  same  result  may  be  ohtainp<l  by  section  of  all 
the  motor  nerves, — that  is,  section  of  the  spinal  cord  in  the  upjXT 
cervical  region.  Rubner  ha*i  shown  by  calontnelric  exi.>eriment8 
upon  nonnal  animals  (dogs)  that  the  botly  temjx^niture,  as  we 
know,  remains  constant  when  the  outside  temjjerature  is  changed, 
but  that  the  heat  production  is  increased  as  the  outside  tempera- 
ture is  lowere<l.  Finally,  Johannson*  has  shown  that  the  increased 
oxidations  that  occur  under  the  influence  of  outsiile  cold,  as  meas- 
ured by  the  COj  output,  occur  only  when  muscular  tension  is 
increased  or  shivering  is  noticed.  We  may  believe,  therefore,  that 
the  increased  oxidations  caused  by  cold  are  due  to  motor  reflexes 
upon  the  skeletal  muscles.  These  reflexes  take  place  doubtleiw 
through  the  motor  filers,  and  lea<i  to  an  augmented  muscular 
tone  or  to  small  contractions  (shivering)  according  to  their  inten- 
sity. This  fact  accords  with  one's  |)ersonal  sensations  regardijig 
the  condition  of  Ins  nnivscles  in  cold  weather. 

The  Existence  of  Heat  Centers  and  Heat  Nerves. — Physi- 
ologists have  long  supposed  that  there  may  l>e  in  the  body  a  special 
set  of  heat  nerves  antl  heat  centers,  separate  in  their  action  from  the 
motor,  secretor)',  and  other  efferent  nerves  that  influence  the  me- 
tabolism of  the  peripheral  organs.  It  issupixjsed  that  these  fibers, 
if  they  exist,  when  in  activity  augment  or  inhibit  the  physiological 
oxidations  in  the  tissues,  and  that  this  effect  has  for  its  specific 
object  an  increase  or  decrease  in  heat  production*  out>;i<le  of  any 
functional  activity  of  tiie  tissues,  liernard  thought  at  first  that 
he  had  demonstrated  the  existence  of  calorific  fibers  in  the  cen'ical 
s>'mpathetic,  but  it  was  afterward  recognized  that  the  fibers  in 
question  are  va.Hoconstrictors.  Since  that  time  ver>^  numerous 
experiments  have  been  maile  with  tins  object  in  view,  but  it  must 
he  athnitte<l  that  no  conclusive  proctf  has  yet  been  obtained  of  the 
existence  of  such  a  system.  The  e\ndence  that  has  been  most  re- 
He<l  upon  is  the  effect  of  lesions,  experimental  or  pathological,  of 
definite  jxirtions  of  the  brain  or  cord.  The  following  facts  are 
^gnificant:  A  number  of  ofjserversf  have  found  that  section  or 
puncture  of  the  brain  at  the  junction  of  medulla  and  pons  causes 
an  increase  in  heat  production  and  a  rise  of  temperature.  Section 
of  the  cord  in  the  cervical  region  is.  on  the  other  hand,  attended 
usually  by  a  fall  in  ImhIv  temi>erattire.    These  experiments  might  be 

•Johannson,  "Skandinaviwliet*  Archiv  f.  Physiolopie,"  7,  123.  1897. 
t  See   Won<l,   *•  Fever. "   "  Smithsonian    OfintributioiiK    to    Knowledge. " 
Washington .  ISSO. 
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interpreted  to  mean  that  there  exists  in  the  brain  anterior  to  the 
medulla  a  general  hoat  center  of  an  inhibitory  character.  Under 
normal  conditions  this  center  may  hold  the  lower  heat-producing 
i^enters  in  t-lieck.  When  cut  off  by  section  this  inhibitor)'  influence 
is  removed  and  increai^e  in  heat  production  and  body  temperature 
results.  A  second  important  fact,  brought  out  by  Ott,*  is  that  In- 
jun' to  the  corpus  striatum  causes  a  rise  in  heat  production  and 
body  temperature.  This  result  has  J>een  confirmed  by  many  other 
investigators,  making  use  es]>ecially  of  what  is  kno\\'n  as  the  "heat 
puncture."  In  this  experiment,  made  upon  rabbits,  a  probe  or 
style  is  inserteii  into  the  brain  so  as  to  pimcture  the  corpus  stria- 
tum. The  result  in  the  majority  of  cases  is  a  rise  of  temperature 
which  nniy  K*i.Ht  for  a  long  time,  although  the  animal  shows  no  par- 
alysis and  apparently  no  other  effect  from  the  operation.  Accord- 
ing to  sr»me  observers, f  the  increased  production  of  heat  takes  place 
maiidy  in  the  liver,  ami  is  due  to  the  oxidation  of  the  glycogen. 
Acconling  to  others  (Aronsohn),  the  increased  production  of  heat 
occurs  mainly  in  the  nniseles.  'I'he  fever  producetl  by  the  *'heat 
puncture"  seems  to  be  due  essentially  to  an  irritation  of  the  ner\'- 
ous  system,  ami  is  an  ex|jerimeulal  tlemonstration  of  the  possi- 
bility of  fever  arising  from  lesions  of  the  nerve  cent-ers.  White  and 
others  have  describe^l  similar  disturbances  of  heat  protluction  from 
lesions  of  the  optic  thalamus!  Heat  centers  have  Ijeen  located 
also  in  the  septum  lucidum,  in  the  cort€X,  the  midbrain,  jxins,  and 
medulla,  while  Reichert  places  the  primar>*  heat-pro<.iucing  centers 
(thermogenic  centers),  from  which  the  hypothetical  heat  nerves 
originate  directly,  in  the  spinal  cord  in  the  anterior  horn  of  (he  gray 
matter.^  ihe  great  amount  of  experimental  work  done  along 
the.se  lines  has  been  inspired  doubtless  by  the  ho|>e  of  discovering 
a  special  heat-regulating  ner\^oiis  apparatus  which  if  demonstrated 
would  enable  us  to  exijlaui  the  causation  of  fevers.  In  iti?  most 
elaborate  form  this  hypothesis  assumes  the  existence  of  primary- 
heat-producing  (thermogenic)  centers  in  the  cord  and  brain  from 
which  the  calorific  or  lieat  ner\'es  arise.  These  centers  in  turn  are 
controlled  by  regidating  (thermotaxic)  centers  of  an  augmenting 
and  inhibitor^'  character  in  the  higher  jwrtions  of  the  brain.  By 
reflex  influences  u]X)n  these  latter  centers  the  acti\nty  of  the  thermo- 
genic centers  may  be  increased  or  diminished  and  the  production 
of  heat  ill  tiie  body  controlled.  While  such  an  apparatus  may 
exist,  it  is  nevertheless  true  that  the  evidence  in  favor  of  it  so  far 


♦Ott,  "Journal  of  Nen-ous  and  Mental  Diseases,"  1884.  1887.  1888; 
also  "Brain,"   1S89. 

tRoUv,  **Deutj*che8  Arrliiv  f.  klinUrlie  Motlirin/'  7fi.  250,  1003. 

t  See  iteichert,  "  I'niversity  Medical  Magazine, "  5,  406,  18^ ;  also  Kemp, 
"Tlierapeutical  Gazette/'  1880,  pp.  86  and  165. 
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produced  has  failed  to  convince  the  tnajorit\'  uf  physidlugisU,  The 
existence  of  a  special  set  of  heat  nerves,  iu  fact,  is  still  unproved. 
Most  physiologists,  jjerhafjs,  Ijclieve  that  variations  in  heat  pro- 
duction occur,  as  stated  aI>ove,  by  alterations  in  the  intensity  uf  the 
oxitlations  in  the  muscles  brought  about  by  reflex  excitation  through 
the  motor  nerve  fibers,  and  that  a  special  set  of  heat  fil)ers  does  not 
exist.  We  may  at  present  adopt  the  consenative  view  that  heat 
production  and  heat  tiwsipation  iu  the  Ijody  are  controlled  not 
by  a  special  heat^regulating  apparatus  comixiseil  of  heat  centers 
an<l  heat  nerves,  l^ut  by  the  co-ordijiated  activity  of  a  number  of 
dififerent  centers  in  addition  to  the  voluntary  means  ah*eady 
specifie<l.  The  unconscious  regulation  of  the  body  tem|3erature  is 
effected  chiefly  through  the  folluvving  centers: 

The  sweat  renters  ami  sweat  nen*es. 

The  vasoconstrictor  ("enter  ami  the  voswou^iirictor 
ner\^e  fibers  to  the  skin. 

The  nejipimton'  i-enter. 

The  motor  nerve  centers  and  ttie  motor  ner\'e  fibers 
to  the  skeletal  tuu-scleti. 

The  ijuantity  itrul  rhami'ter  of  tlie  food  as  deter- 
mine by  the  ajtpelite. 

Theories  of  Physiological  Oxidations. — Lavoisier  compared 
the  oxidations  in  the  body  to  the  oxidation  of  organic  substances 
in  combustions  at  high  temjx^ratures.  He  sui)i>osed  that  the  mo- 
lectilar  oxygen  unites  directly  with  the  substances  oxidiKe<l  in  one 
case  as  in  the  other.  It  soon  became  e\itlent.  however,  that  this 
direct  analog^'  is  not  applicable.  The  material  that  is  oxidized 
in  the  hotly — fats,  carbdiydrates,  proteids— is  consumed  with  a 
certain  rajmhty. — in  the  case  of  muscular  cuntractidiis  with  great 
rapidity, — and  we  know  that  these  same  materials  out  of  the  body 
at  a  temperature  of  39°  C.  are  oxidized  with  extreme  slowness.  It 
became  customary,  therefore,  to  sfx^ak  of  the  oxidations  in  the  Ixidy 
as  indirect,  meaning  thereby  that  the  material  is  not  acted  M\Min 
directly  by  the  molecular  oxygen.  Within  recent  years  it  has  been 
shown  that  the  oxidation  iu  ordinar>'  combustions — the  burning 
of  gaseous  hydrogen,  for  instance  —is  nttt  explained  by  assuming 
that  the  oxygen  unites  directly  with  the  hydmgen.  It  is  stated, 
for  instance,  tliat  tbis  combustion  does  not  take  place  if  both  gases 
are  entirely  free  from  water  vajwr :  the  presence  of  water  is  necessar>' 
for  the  oxidation.  Chemists  are  not  agreed  as  to  the  exact  nature 
of  simple  combustion,  and  it  is  therefore  increasingly  difficult  to 
compare  these  processes  wnth  the  oxidations  in  the  body.  Leaving 
aside  the  details  of  the  process,  it  may  still  be  believed  that  the 
metabolism  of  material  in  the  body  by  means  of  w^hich  its  heat 
energ}'  is  produced  is  at  bottom  comparable  to  ordinary*  combus- 
tions. OxA-gen  is  absolutelv  necessary  to  the  process  in  each  case; 
53    * 
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the  same  einl-pmthiets  are  forrae<l  and  the  same  amount  of  heat  is 
iil>erateii  in  the  one  case  as  in  the  other.  The  fundamental  point 
that  the  physiologist  is  attempting  to  solve  is  the  means  by  which 
the  body  accomi)lishe9  these  oxidations  at  surh  a  low  temperature. 
The  theories  suggested  to  explain  this  fact  have  changed  naturally 
with  the  advance  of  chemical  knowledge.  After  the  discovert'  of 
ozone  (SchonbcLn,  184(»  and  its  great  power  of  oxidation  as  com- 
pared ■with  oxygen  it  was  suggested  that  in  some  way  the  ox>'gen 
in  the  body  is  ozonized  and  is  thus  able  to  burn  the  food  material. 
Gorup-Iiesanez  showed  that  some  of  the  oxidations  that  take  place 
in  the  body  can  be  successfully  accomplished  outside  the  i>ody 
with  the  aid  of  ozone,  especially  in  t  lie  presence  of  alkalies  or  alka- 
line carbonates.  Others  suggested  that  the  oxygen  in  the  body  (be- 
comes converted  to  atomic  oxygen  and  is  thus  enabled  to  attack  the 
tissue  materials.  Hoppe-Seyler  formulated  a  theory  according  to 
which  the  living  molecule  is  first  split  into  smaller  molecules  by  the 
bydrolytic  net  inn  of  ferments.  In  this  process,  a.*;  in  fermentation,  to 
which  he  cornjjartnl  it,  hydrogen  is  liberated  in  the  nascent  or  atomic 
state,  and  tins  hytlrogen  acting  upon  the  oxygen  forms  water  with 
the  lil>eration  of  some  atomic  oxygen,  which  in  turn  oxidizes  the 
split  prodiictvS  of  the  fermentation.  Others  still  (''I'raul>e)  laid  stress 
u|K)n  the  jxissiiiility  of  the  formation  of  hydrogen  fwroxid  or 
similar  peroxiiis  which  are  then  capable  of  effecting  the  oxidation 
of  the  lx)dy  material.  This  latter  theory,  in  modified  fonn,  stiJl 
prevails.* 

']'he  great  amount  of  experimental  and  theoretical  work  upon 
the  nature  and  cause  of  physiological  oxidations  has  established 
pretty  clearly  two  general  beliefs  which  it  is  important  to  keep 
in  mind.  It  has  Ijeen  shown,  in  the  first  place,  that  the  amoimt  of 
the  oxidutinn  is  governed  by  the  tissue  itself  and  not  by  thetjuantity 
of  oxygen  present.  The  view  that  l>y  increasing  the  amount  of 
oxygen  offered  to  the  ti-ssue  the  intensity  of  the  oxidations  can 
likewise  Ix?  increased  was  formerly  held  and  is  still  met  with.  It 
is  often  supposed,  for  example,  that  by  breathing  pure  oxygen  the 
oxidations  of  the  liody  may  he  augmented.  On  the  contrar>-.  the 
facts  indicate  that  when  a  sufhcient  supply  of  oxygen  is  pro\ided 
any  further  increase  has  no  immediate  effect  in  aiding  or  ha.stening 
the  oxiilations.  The  intensity  of  the  process  is  conditionetl  by  the 
tissue  itself.  Tlie  initial  stimulus  or  substance  that  sets  going  the 
whole  reaction  arises  within  the  tissues.  The  secomf  generalization 
that  seems  to  l)e  accepted  more  and  more  of  recent  years  is  that  the 
oxidations  of  the  body,  those  reactions  that  give  rise  to  much  heat, 
do  not  affect  the  living  tissue  itself.     They  take  place  under  the 

*  See  Kngler  and  Weis^sljerg,  "  Kritische  Stuiiien  iibcr  die  VorgAnge  dec 
Autoxydation/*  1(«M. 


PHYSIOLOGICAL  OXIDATIONS. 


835 


influence  of  the  living  matter,  or  by  the  aid  of  substances  (enz}-mea) 
formeti  by  the  living  matter,  but  the  material  aetnally  burnt  is  not 
organized  living  substance.  As  the  living  yeast  cells  break  tln^ii 
sugar  in  the  liquid  surnuunlin^  them,  so  the  living  tissue  cells  metab- 
olize and  oxidize  the  tlead  food  nmterial  c<jntained  in  the  lymph 
an(i  tissue  liquid  in  which  they  are  bathed.  I'he  opposite  pinnt  of 
view  was  ably  advocated  by  Pfli'iger.  This  observer,  in  fart,  ex- 
plaineti  the  mystery  of  plivHiologiral  oxidatioas  by  assuming  that 
the  oxygen  together  with  the  food  material  is  synthesized  iuto  the 
highly  complex  and  unstable  living  molecules.  The  active  intra- 
molecular movement  within  these  molecules  lea<l8  constantly  to  a 
breaking  down,  a  splitting  off  of  simpler  molecules  which  consti- 
tut-e  the  products  of  physiohjgical  oxidation.  The  instability  of 
the  molecule  is  due  to  it,s  size  and  the  activity  of  the  intramolecular 
movement^',  or,  as  Pfhiger  expressed  it,  "The  intramolecular  heat 
of  the  cell  is  its  life."  ThLs  p(jint  of  view,  however,  has  not  fuuiid 
acceptance  of  late  years.  It  is  iruplietl  or  stated  by  most  recent 
authors  that  the  food  material  is  attadceti  and  oxidized  outride  the 
living  molecule,  in  the  form  of  fat,  sugar,  proteid,  etc.  The  ten- 
dency for  many  years  has  l>een  to  show  that  these  processes  in  the 
IkmJv  are  chemical  changes  that  tlo  not  (iiffer  fundamentally  frctm 
similar  processes  out.si<le  the  body.  The  jxiint  of  view  actually 
adopted  by  most  workers  is  that  the  living  matter  effects  its  won- 
derful changes  in  the  food  nmterial  with  the  aid  of  intracellular 
ferments  or  enzymes.  That  siich  enzymes  are  formed,  one  may  say 
generally  in  the  tissues  of  the  body,  has  been  brought  out  in  the  pre- 
ceding chapters  upMui  Digestion  and  Nutrition.  It  is  necessary  only 
to  recall  the  facts  that  lijiase,  the  fat-splitting  enzyme,  has  l»een  iso- 
lated from  many  tissues,  and  that  in  the  liver  and  muscles  and  prriF>. 
ably  other  tissues  there  exist  enzymes  capable  of  converting  glycogen 
to  sugar  or  the  reverse,  and  of  clestniying  the  sugar  completely  by  the 
serial  action  of  several  intracellular  enzymes.  Finally,  with  regard  to 
the  proteid  material  it  is  now  recognized  that  proteolytic  enzymes 
are  fonned  within  many,  if  not  all.  of  the  living  tissues.  '^Hua  point 
is  demonstrated  by  the  fact  of  ai^fo/v^/^, — that  is,  if  living  tissue  is 
taken  from  the  body,  with  precautions  against  contamination  by 
bacteria,  and  while  under  perfect  aseptic  conditions  is  kept  warm 
and  moist,  it  will  digest  itself.  The  proteid  is  split  up  into  the 
same  simple  hydmlytic  products  as  are  obt~aineil  by  boiling  it  with 
acids.  It  has  been  shown  that  this  digestiou  is  due  to  enzymes — 
autolytic  enzymes — formed  within  the  living  tissue.  There  is  no 
doubt,  therefore,  of  the  existence  of  intracellular  enzymes,  and  that 
these  substances  play  a  conspicuous  part  in  the  metabolism  of  food 
material.  The  lipase,  the  diastase,  and  the  autolytic  enzymes  just 
referred  to  all  belong  to  the  group  that  cause  hydrolytic  cleavages, — 
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that  is,  they  induce  splitting  or  decomposition  of  the  material  by 
the  introtluction  of  water.  The  supp>osition  has  naturally  been 
made  that  probably  the  oxidations  of  the  body  are  effected  also  by 
enzymes  which  in  some  way  activate  the  oxyijen.  Enzymes  of  this 
character  have  been  found;  they  are  designated  in  general  as  oxv- 
doses  or  as  oxidases  and  pt^oxidases,  the  former  term  referring  to 
those  enzymes  that  effect  oxidations  in  the  presence  of  oxygen^ 
while  the  latter  is  applied  to  certain  enzjTnes  supposed  to  act 
only  in  the  presence  of  hydrogen  peroxid.  The  most  conspicuous  of 
the  oxidases  found  in  the  animal  bo<iy  is  the  one  capable  of  oxidiz- 
ing aldehydes  (.salicylic  or  benzoic  aldehyde)  into  the  corresponding 
acids,  and  hence  designated  specifically  tis  aldehyda^ie.  This  enzyme 
has  been  extracted  especially  from  the  liver,  lung,  and  spleen. 
An  oxidase  knowTi  as  tt/rosimisp,  first  found  in  plant  juice,  has  also 
been  isolated  from  animal  tissues.  It  oxklizes  tyrasin  with  the 
formation  of  honiogeiitisinic  acid.  So  also  nxidiisos  are  describetl 
capable  of  oxidizing  xanthin  to  hypoxanthin  or  to  uric  acid.*  The 
process  of  destructive  metabolism  of  sugar  in  the  Iwxly,  glycoh'sis, 
may  be  effected,  it  will  be  remembered,  by  the  tissue  juices  squeezed 
from  the  organs,  or  even  by  extracts  of  the  tissues  of  muscle, 
liver,  etc.  It  may  well  be  believed,  therefore,  that  the  oxidation 
of  this  most  import-ant  food  material  is  accomplished  by  the  action 
of  one  or  more  enz\Tnes.  Such  facts  as  these  lend  great  probability 
to  the  belief  tliat  eventually  it  will  be  shown  that  the  oxidations  in 
the  body  are  effected  by  the  inflnenep  of  oxida,ses  or  |^roxi*iases  act- 
ing singly  or  in  combination  or  in  sequence  with  the  hydrolytic 
enz>'me8.  As  a  matter  of  fact,  however,  such  an  hypothesis  is 
not  by  any  means  demonstrated.  Oxidases  capable  of  deslro\-ing 
proteid,  fat,  anti  carbohydrate  material  have  not  been  actually  iso- 
lated. I>u^  the  idea  seems  to  he  a  fruitful  one. 

While  it  is  perfectly  obvious  that  more  facts  are  needed  before 
pasitive  statements  are  warranted  regarding  the  chemistn"  of  the 
oxidations  in  the  lx)dy,  the  view  entertaine<i  regarding  the  general 
process  in  the  bo<ly  is  that  the  material — proteid,  fat,  or  carbohy- 
drate— is  first  split  into  simpler  products  by  the  action  of  a  hy- 
drolytic enz\7ne,  or  a  series  of  hydrolytic  enz\*mes,  formed  in  the 
cells.  Thene  reactions  are  not  attended  by  any  marked  formation 
of  heat.  The  split  products  thus  produce<l  are  then  acted  uf)on  by 
oxidases  with  the  formation  of  carbon  dioxid.  water,  etc..  and  the 
liberation  of  heat.  A  specific  instance  of  this  serial  action  has  l^een 
given  in  reference  to  the  oxidation  of  sugar  (p.  794):  According  to 
Stoklasa.  the  sugar  is  first  split  into  tactic  acid,  and  this  into  carbon 
dioxid  and  alcohol;    the  alcohol  then  by  the  action  of  a  series  of 

*  Kor  further  delaiJs  see  ()p|»eiiheiiner,  *' Die  Kermente  und  ihre  AMr- 
kungen,"  secoml  edition,  1903. 
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oxidases  is  oxidized  to  acetic  acid,  formic  acid,  carbon  dioxid,  and 
water.  From  our  present  standfxjint,  the  production  of  heat  in  the 
body,  it  is  important  also  to  bear  in  mind  the  general  view  advo- 
cated by  Speck,  and  others, — namely,  that  the  chemical  changes 
or  metabolism  of  the  body  may  be  divided  int^  two  general  classes: 
first,  the  heat-producing  metabolism  which  results  finally  in  the 
oxidation  of  the  great  mass  of  the  Uxnl  material  and  which  is 
essential  for  the  production  of  body  heat,  and,  second,  the  tissue 
metabolism  proper, — that  is,  the  synthesis  and  disassi dilation  of 
the  living  substance  itself.  This  latter  metabolism  varies  prob- 
ably in  the  different  tissues;  it  is  concerned  with  the  building  up 
and  breaking  down  of  the  living  inachinerv'  and  rnay  be  atteiuled 
by  the  absorption  as  well  as  the  liberation  of  hetit,  and  the  energy- 
neceftRar>^  for  effecting  these  reactions  is  obtained  from  the  heat 
energy  liberated  by  the  oxidation  processes.  In  this  last  thought 
there  is  contained  a  suggestion  which  may  serve  as  an  explanation 
of  the  fundamental  value  of  the  physiological  oxidations  to  the  body. 
It  may  be  supptjsed  that  these  oxidations  furnish  the  energ>'  neces- 
sary' for  the  nutritive  metabolism  of  living  matt-er.  In  those  or- 
ganisms or  cells  that  lead  an  anaerobic  existence — that  is,  an  exis- 
tence in  the  absence  of  free  oxygen — the  energy  necessar>'  for  the 
pfooess  is  obtained  perhaps  by  hydrolytic  changes  alone. 


1 


SECTION  IX. 
THE  PHYSIOLOGY  OF  REPRODUCTION, 


With  the  exception  of  the  phenomenon  of  consciousness,  no 
fact  of  life  excites  more  interest  and  seems  to  offer  greater  diffv- 
cukies  to  an  adeqiuite  explanation  than  the  function  of  reproduc- 
tion. The  male  cell,  spermatozoon,  and  the  female  cell,  ovunx, 
unite  to  form  a  new  cell  which  thereupon  l>egins  to  grow  rapidly 
and  produces  an  organism  that  in  all  of  \ts  manifold  peculiarities 
of  structure  and  function  is  essentially  a  replica  of  it^  parent*. 
The  fundamental  problems  presented  in  this  act  of  reproduction 
are  those  of  fertilization  and  hereility.  In  the  former  we  must 
ascertain  why  the  union  of  the  two  cells  is  necessan-  or  advanta- 
geous, and  the  secret  of  the  stimulating:  influence  upon  growth  that 
arises  from  this  union.  Under  the  term  heretlity  we  express  the  ob\'i- 
oiis,  yet  mysterious,  fact  that  the  fertilizeil  ovum  of  each  species  de- 
velops into  a  structure  like  that  of  its  parents.  Both  of  these  im- 
portant problems  are  essentially  of  a  physiological  character, — that 
is,  they  deal  with  properties  of  the  living  material  composing  the 
reproductive  cells:  but,  at  f>resent.  biological  investigation  along 
these  lines  is  largely  in  the  morphological  stage.  The  part  of  the  sub- 
ject that  can  be  studietl  with  most  succe-ss  is  the  structural  changes 
that  are  associateil  with  fertilization  and  reproduction.  (Ireat, 
indeed  wonderful,  progress  has  lieen  made  during  the  last  century, 
but  it  is  neetlless  perhaps  to  say  that  much  remains  unexplained, 
and  that  in  this,  as  in  so  many  other  problems  of  nature,  the  greater 
our  knowledge  the  clearer  becomes  our  vision  of  the  difficulties  and 
complexities  of  a  final  scientific  explanation.  Outside  these  funda- 
mental pn^blems  there  are  other  accessorj'^  functions  connected,  for 
instance,  with  the  external  genital  organs  which  in  a  measure  are  of 
more  immediate  practical  interest.  In  one  way  or  another  these 
functions  are  necessar>'  or  helpful  to  the  final  union  of  the  repro- 
ductive cells.  They  form  a  part  of  the  reprofluctive  life  which  comes 
more  immediately  under  our  obsen'ation  and  control,  and  consti- 
tute, therefore,  a  subject  which  has  been  more  accessible  to  in- 
vestigation. In  the  brief  treatment  given  in  the  following  chap- 
ters more  emphasis  is  laid  upon  this  side,  the  accessory  phenomena 
of  reproduction,  than  ujion  the  ileejjer,  more  fundamental   prob- 
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l&ns,  in  view  of  the  fact  that  the  accessory  phenomena  are  the  ones 
which  have  at  present  the  greater  practical  interest. 

The  function  of  reproduction  is  often  omitteil  from  physiolog- 
ical courses,  and  the  reason  perhaps  is  partly  that  the  structural 
features  and  the  development  of  the  embr>'o  have  l)een  assigned  to 
the  department  of  anatomy,  and  partly  because  it  is  a  function 
not  easential  to  the  maintenance  of  the  existence  and  reactions  of 
the  organism.  The  reprotluctive  organs  might  Ije  eliminated  en- 
tirely and  the  power  of  the  body  as  an  organism  t^  maintain  its 
individual  existence  not  be  seriously  interfered  with.  The  physio- 
logical iniportance  of  the  reproiluctive  organs  lies  not  in  their 
co-operation  in  the  communal  life  of  the  various  parts  of  the  body, 
but  in  their  adaptation  to  pronluce  another  similar  being.  Wc 
may  explain,  therefore,  the  co-onlinating  mechanisms  of  the 
body  without  reference  to  the  reprmluctive  tissiie.s.  except  so  far 
as  their  supposed  iuternal  secretions  aflfeet  general  or  specific 
metabolism. 


CHAr>TER  IJI. 


PHYSIOLOGY  OF  THE  FEMALE  REPRODUCTIVE 
ORGANS. 

The  Graafian  Follicle  and  the  Corpus  Luteum.^The  functional 
value  of  the  ovar>'  is  connecter!  with  the  formation  and  rupture 
of  the  Oraafian  follicles,  whereby  an  ovum  is  libenite<l.  The  pri- 
mordial follicles  consist  of  an  ovxim  surroundeil  by  a  layer  of  fol- 
licular ejjithclium.  Beginning  at  a  certain  time  after  birth  ami 
continuing  throughout  the  period  of  active  sexual  life,  some  of  these 
primordial  follicles  develop  into  mature  (Imafian  follicles  and  mi- 
grate to  the  surface  of  the  ovan-.  The  change  consists  in  a  pro- 
liferation of  the  follicular  epithelium  and  the  formation  of  a  serous 
liquid,  the  liquor  jollictdi.  between  the  layers  of  this  epithelium. 
In  the  matured  follicle  there  is  a  connective  tissue  covering,  the 
Uuca  lolii€Hit\  formed  from  the  stroma  of  the  ovary  and  consisting 
of  two  coats  or  tunics — the  external  an<l  the  internal.  The  cells 
in  the  internal  tunic  develop  a  yellowish  pigment  as  the  follicle 
grows,  and  are  sometimes  designated  as  lutein  cells.  Within  the 
capsule  formeil  by  the  internal  tunic  there  is  a  layer  of  follicular 
cells  known  as  tlie  nmnhrfirui  granulosa  and  attached  to  one  side 
is  a  mass  of  the  same  cells,  the  discus  jtroligrm^ — within  which 
the  ovum  is  iniljedded.  The  follicular  liquid  lies  l>etween.  This 
liquid  increases  in  amount,  and  when  the  folHcle  has  reached  the 
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surface  it  forms  a  vesicle  projecting  to  the  exterior.  This  projecting 
portion  is  nearly  bloodless  and  thinner  than  the  rest  of  the  wall  of 
the  follicle.  It  is  designated  as  the  stigma.  When  fully  mature  the 
follicle  ruptures  at  the  stigma  ami  the  egg,  together  with  the  sur- 
rounding follicular  cells  of  the  discus  proligenis  and  a  portion  of  the 
memhrana  granulosa,  is  extnuled.  the  egg  being  received  into  the 
open  end  of  the  Fallopian  tube.  According  to  Clark,*  the  ruptiu^  of 
the  follicle  is  brought  about  by  an  increasing  vascular  congestion 
of  the  ovary.  The  tension  within  the  ovar\'  is  thereby  increaseiJ, 
the  follicle  is  forced  to  the  surface,  and  the  circulation  at  the  mo 
projetting  portion  is  interfered  with  to  such  an  extent  as  to  cau 
necrotic  changes  at  the  stigma,  at  vvliicb  nipture  finally  occurs.  Aiter 
the  bursting  of  the  follicle  its  walls  collapse,  and  the  central  c«\'ity 
receives  also  some  blood  from  the  niptured  vessels  of  the  theca.1 
Later  on  the  vesicle  becomes  filled  with  cells  containing  a  yellow 
pigment.  These  cells  increase  raplLlly  and  fonn  a  festooneti  i»order 
of  increasing  thickness  around  the  central  blooil  clot.  The  vesicle 
at  this  stage,  on  account  of  the  yellow  color  of  the  new  cells,  is 
kno\vn  as  a  corpus  luteum.  The  structure  thus  formeil  increaaee 
in  size  for  a  [XTiod  and  then  undergoes  retrogressive  changes  and 
is  finally  completely  absorlied.  The  duration  of  the  periwl  of  growth 
and  retrogression  varies  according  as  the  egg  liberated  t>ecotnes 
fertilized  or  not.  If  fertiUzation  does  not  occur,  as  is  the  case  in 
the  usual  monthly  jTcriods,  the  corpus  luteum  reaches  its  maximum 
size  within  two  to  three  weeks  ami  then  I>egins  to  be  absorljed. 
It  is  frequently  designated  under  these  circumstances  as  the  false 
corpus  luteum  (corpus  luteum  spurium)  or  corpus  luteum  of  men- 
stnmtion.  In  case  the  egg  is  fertilized  and  the  woman  becomes 
pregnant  tlie  life  histor}'  of  the  corpus  luteum  is  much  prolonged. 
Instea<l  of  undergouig  absorption  after  the  third  week  it  continues 
to  increase  in  size  by  multiplication  of  the  lutein  cells  during  the 
first  few  months  of  jiregnancy,  and  does  not  show  retrogTessi\*e 
changes  until  the  sixth  month  or  later.  The  tot^U  size  of  the  coq^us 
in  such  cases  is  much  larger  than  in  menstruation,  and  it  wasdes- 
ignate<l,  therefore,  by  the  older  writers  as  the  true  corpus  luteum 
(corpus  luteum  venim)  or  corpus  luteum  of  pregnancy-  Later 
observers  agree  that  there  is  no  essential  diflference  in  stnicture 
between  the  true  and  the  false  corpus  hitcum,  although  the  former 
has  a  longer  hbtor}'  and  attains  a  greater  size.  The  point  of 
greatest  structural  interest  in  the  corpus  luteum  is  the  origin  of  the 
yellow  (lutein)  cells.  Histologists  have  l>een  and  still  are  di\idefl 
upon  this  point :  some  believe  that  they  arise  from  the  cells  of  the 
membrana  granulosa,  others  that  they  come  from  the  connecti\'eij 
tissue  cells  in  the  internal  capsule  (theca  interna)  of  the  follicle, 
♦aark,  *' Johns  Hopkias  Hospital  Reports/'  7,  181,  1898. 
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The  majority  of  writers  seem  to  favor  the  latter  view.  Regarding 
the  physiological  importance  of  the  corpus  opinions  also  tlifTer. 
Some  regarci  it  as  simply  a  protet'tive  mechanism  by  means  of 
which  the  empty  space  in  the  follicle  is  filled  up  by  a  tissue  which  is 
afterward  ea^^ily  absorbed,  "insteatl  of  by  scar  tissue.  Others,  how- 
ever, attriiiute  to  the  lutein  cells  secretory'  functions  of  the  most 
importiint  character  in  connection  with  the  subsequent  develop- 
ment of  the  egg  and  the  activities  of  the  uterus.  Some  reference 
will  be  made  to  these  views  farther  on. 

Menstruation. — The  attainment  of  sexual  maturity  or  puberty 
is  marked  by  a  numi»er  of  visible  changes  in  the  botly,  but  in  the 
female  the  characteristic  change  is  the  ap|jearance  of  the  men- 
strual flow  from  the  uterus.  The  age  at  which  this  phenomenon 
occurs  shows  many  individual  variations,  but  the  average  for 
temj>erate  climates  is  given  usually  at  14  to  15  years.  In  (he 
warmer  countries  the  age  is  earher, — S  to  10  \'ears, — and  in  the  cokl 
regions  somewhat  later, — 16  years.  The  racial  characteristic  in 
this  respect  is  said  to  be  maintained,  however,  after  generations  of 
residence  in  countries  of  a  different  climate,  as  is  illustrated  by  the 
relatively  early  apj)earance  of  menstniation  among  Jews  even  in 
the  colder  countries.  After  the  phenomenon  apjiears  it  occurs  at 
regular  intervals  of  28  days,  more  or  less,  and  hence  is  knoT.\Ti  as 
the  monthly  period,  menses,  menstniation,  or  catamenia.  The 
intcr\'al  is  not  absolutely  regular,  and  shows  many  indi^'idual 
variations  within  limit.s  which  may  be  ]>lace<l  at  20  to  35  tlays. 
Absence  of  the  menstmal  flow  is  ilesignated  as  a  condition  of  amen- 
orrhea. Certain  premonitor}'  SA'niptoms  usually  precetle  the 
appearance  of  the  menses,  such  as  pains  in  the  back  or  head  or 
a  general  feeling  of  discomfort,  although  in  some  cases  these  symp- 
toms are  absent.  When  these  premonitory  symptoms  are  unusually 
painful  or  serious  and  the  flow  is  difficult  or  irregular  the  condition 
is  designated  as  dysmenorrhea.  The  flow  ^^egins  with  a  discharge  of 
mucus,  which  later  l>ecomes  mixed  with  blood.  The  quantity  of 
blocnl  lost  is  subject  to  individual  variations,  l)ut  it  may  amount  to 
as  much  as  100  to  2(X)  gms.  The  flow  continues  for  3  or  4  days 
and  then  sul)side8.  I'nrler  normal  conditions  this  phenomenon 
occiu^  regidarfy  throughout  sexual  life, — that  is,  during  the  period 
in  which  conception  is  px:>ssible.  If  fertilization  occurs  the  flow 
ceases  normally  during  pregnancy  and  the  periotl  of  lactation.  At 
the  forty-fifth  to  the  fiftieth  year  the  flow  disappears  permanently, 
and  this  change  marks  what  is  known  as  the  natural  menopause, 
climacteric,  or  change  of  life.  The  change  is  sometimes  abrupt, 
sometimes  ver\'  gradual,  l>eing  precede<l  by  irregularities  in 
menstruation,  and  it  is  not  infrequently  associated  with  psychical 
and  physical  disturbances  of  a  serious  character.     If  at  any  time 
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during  sexual  life  the  ovaries  are  completely  removed  by  surg:icai 
oi>eration  menstruation  is  brought  to  a  close,  this  condition  being 
designated  as  the  artificial  luenopause. 

Structural  Changes  in  the  Uterus  During  Menstruation. — Men- 
struation is  a  phenomenon  o(  the  uterus.  The  lining  mucous  mem- 
brane, tlie  emioKietriuiii,  in  the  period  of  four  or  five  days  preceding 
the  flow,  becomes  rapidly  thicker  and  its  superficial  layers  are  con- 
gested with  bIoo<i,and  indeed  in  places  small  collections  of  blood 
may  be  noticed.  Opinions  differ  verj'  much  as  to  the  change  under- 
gone by  this  thickenetl  membrane  during  the  flow.  According  to 
some  authors,  most  of  the  membrane  is  thrown  off  and  the  blood 
escapes  from  the  denuded  surface  mLxed  with  pieces  of  the  mem- 
brane. According  to  others,  no  material  destruction  of  the  mem- 
brane occurs,  the  bloo<l  that  escapes  being  due  to  small  capillary 
extravasations  or  jwrhaps  mainly  to  a  process  of  diapedesis.  It 
would  seem  that  the  amount  of  destruction  of  the  endometrium 
must  l>e  subject  to  individual  variations.  After  the  cessation  of 
the  flow  the  nmcous  membrane  is  rapidly  repaired  by  regenerati%'e 
changes  in  the  tissues;  the  surface  epithelium,  if  denuded,  is  re- 
place<i  by  proliferation  of  the  cells  lining  the  uterine  glands  and 
the  thickene<U  edematous  condition  of  the  membrane  rapidly  sub- 
sides during  a  jjeriod  of  six  or  seven  days.  WTiile  the  escape  of 
blood  takes  place  only  from  the  surface  of  the  uterus,  the  other 
reproductive  organs — the  ovar>',  the  Fallopian  tubes,  and  even  the 
external  genital  organs — share  to  some  extent  in  the  vascular  con- 
gestion exhibited  by  the  uterus  during  the  period  prececling  the 
menstrual  flow.  The  mucous  membrane  of  the  uterus  may  be  said 
to  exhibit  a  constantly  recurring  menstrual  cycle  which  falls  into 
four  periods:  (1)  Period  of  growth  in  the  few  (5)  days  preceding 
menstruation,  characterized  by  a  rapid  increase  in  the  stroma, 
blood-ve-ssels,  epithelium,  etc.,  of  the  membrane.  (2)  The  men- 
struation or  periotl  of  degeneration  (4  days),  during  which  the 
capillar^'  hemorrhage  takes  place  and  the  epithelium  suffers  de- 
generative changes  and  is  cast  off  more  or  less.  (3)  The  period  of 
regeneration  (7  days),  during  which  the  mucous  membrane  returns 
to  its  normal  size.  (4)  The  period  of  rest  (12  days),  during  which 
the  endometrium  remains  in  a  quiescent  condition. 

The  Phenomenon  of  Heat  in  Lower  Mammals. — The  phenom- 
enon known  as  heat  in  lower  mammals  resembles,  in  many  essential 
respects,  menstruation  in  human  beings,  and  they  may  be  regarded 
as  homologous  functions.  Heat  is  a  period  of  sexual  excitement 
which  occurs  one  or  more  time-s  during  the  year  and  during  which 
the  female  will  take  the  male.  This  condition  lasts,  as  a  rule,  for 
several  days,  ami  in  the  female  is  acconiimnied  by  changes  which 
recall  those  of  menstruation.     The  external  genital  organs  become 
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swollen  and  in  many  animals  there  is  a  discharge  of  mucus  or 
mucus  and  blood  from  the  uterus.  Histologically  the  mucous  mem- 
brane of  the  uterus  under^ioes  changes  similar  to  those  of  menstrua- 
tion,— that  is,  the  meml)nine  increases  in  size  and  becomes  con- 
Reste<l  with  b!oo<I, — and  it  exhibits  a  phase  of  dej^enerution 
during  which  some  of  the  epithelial  lining  may  be  cast  off  and  some 
hemorrhage  occur.  If  sexual  union  is  prevented  during  this  j>eriod 
heat  passes  away  in  a  few  days,  but  recurs  again  at  intervals 
which  var>'  in  the  different  mammals:  4  weeks  in  the  monkey, 
mare,  etc.;  3  to  4  weeks  in  the  cow;  2i  to  4  weeks  in  the  sheep; 
9  to  18  days  in  the  sow;  12  to  16  weeks  in  the  bitch»  etc.  The  re- 
ciurence  of  the  period  uniler  these  circumstances  suggests  at  once 
the  essential  resemblance  to  the  monthly  periotls  of  women.  Ac* 
cording  to  Heape's  most  interesting  obsen'ations  upon  monkeys 
(Senmopithecus)  *  some  of  these  animals  show  a  regular  monthly 
flow  histing  for  4  days  except  when  conception  takes  place.  The 
changes  during  heat  must  be  considered  as  physiologically  ho- 
mologous to  those  of  menstruation.  The  sexual  excitement  that 
attends  the  condition  in  the  lower  animals  is  not  distinctly  repre- 
sented in  man,  although  it  is  commonly  said  that  in  the  |>eriod  pre- 
ceding or  following  menstruation  the  sexual  tiesire  is  stronger  tlian 
at  other  times,  but  in  the  changes  undergone  by  the  uterus  and  the 
fact  that  these  cimnges  are  connectetl,  as  a  rule,  with  the  liberation 
of  an  egg  from  the  ovar>'  (ovulation)  the  two  phenomena  are 
physiologically  similar. 

Relation  of  the  Ovaries  to  Menstruation. — It  ap})ears  to  be 
clearly  demonstrate<l  that  the  phenomenon  of  menstruation  is  de- 
pendent upon  a  periodical  activity  in  the  ovaries.  When  the 
o\'arie8  are  completely  removed  menstruation  ceases  (artificial 
menopause)  and  the  uterus  undergoes  atrophy.  Wlien  the  ovaries 
are  congenitally  lacking  or  rudimentar>\  a  condition  of  amenorrhea 
also  exists.  These  facts  and  the  connection  of  the  ovaries  with 
menstruation  are  further  corrolx>rated  in  a  striking  way  by  experi- 
ments upon  transplantation  or  gmfting  of  the  ovan*.  This  experi- 
ment has  l>een  performetl  upon  lower  animals  (ap)es)  as  well  as  upon 
human  Ix^ings.  Remo%^al  of  both  ovaries  in  apes  is  followed  by  a  ces- 
sation of  menstruation.  Transplantation  of  an  ovar\*  under  the  skin 
serves  to  maintain  menstruation,  but  if  subsequently  removed  this 
function  dLsapjx'ars.t  In  the  human  being  Morris  and  Cilass  ob- 
tained similar  results. J  An  ovar>'  or  a  piece  of  an  ovarv'  trans- 
planted into  the  uterus  itself  or  the  broad  ligament  caused  a  re- 

*  Heape.  "  Philosophiral  Tmiisflrtiouji,  Roval  Sooietv."  185  (B),  1804, 
and  188  (B).  1897. 

tHaIl)ari.  "Deutsche  GeseUsclmfl  f.  Oynakol.."  9.  1901. 

t  Glass,  'Medical  News."  523.  1899;  Morris,  '*  Medical  Record,"  83. 
1901. 
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turn  of  the  menstrual  periods  which  had  ceased  after  surgical  re- 
moval of  the  glands,  or  brought  on  free  menstruation  in  conditions 
of  amenorrhea  or  dysmenorrhea. 

Many  Wews  have  been  proposed  to  explain  this  relationship 
lietween  ovar\*  and  utenis.  In  most  cases  it  has  been  assumed 
that  the  menstruation  in  the  utenis  Ls  connectetl  with  the  act  of 
ovulation. — that  is,  the  rifwning  and  discharge  of  a  Clraafian  follicle. 
Gynecologists,  it  is  true,  have  accumulate<i  facts  to  show  that  ovu- 
lation may  occur  independently  of  menstruation,  but  no  one  doubts 
that,  as  a  nile,  the  two  acts  occur  together,  not  simultaneously  but 
in  a  definite  .sequence,  and  that  the  significance  of  menstruation  Ls  to 
be  found  in  its  physiological  dependence  upon  the  fate  of  the  ovum. 
It  was  beheved  at  first  that  the  processes  in  the  ovar>'  influence  the 
uterus  by  a  nervous  reflex.  This  view  finds  its  most  complete 
expression  in  the  theor>'  formulated  by  PflQger.  According  to  this 
physiologist,  the  congestion  of  tlie  litems  which  leads  to  menstnia- 
tion  and  the  congestion  of  the  ovar>'  which  leads  to  o\'ulation  are 
both  reflex  vasodilator  efTects  due  to  the  mechanical  stimulation 
of  the  sensor}'  nerves  of  the  ovar>'  by  the  growth  in  size  of  the  fol- 
licle. As  tills  stnicture  ilevelnps  the  mechanical  stimulus  increases 
in  intensity,  the  congestion  in  both  organs  l)ecomes  more  pro- 
nounced and  leads  finally  to  the  bursting  of  the  follicle  and  the 
hemorrhage  in  the  uterus.  This  very  attractive  theor>'  docs  not, 
however,  accord  with  the  facts.  Goltz  and  Rein*  have  showTi  by 
experiments  upon  dogs  that  when  the  ner\'es  going  to  the  uterus 
are  completely  severed  from  their  central  connections  the  animals 
can  be  fertilized,  become  pregnant,  and  give  birth  to  a  litter  of 
young.  Mon'over,  the  experiments  \ipon  transplantation  referretl 
to  above  seem  to  show  quite  conclusively  that  a  ner\'o»is  connection 
is  not  essential  to  the  influence  that  the  ovar\'  exerts  xipon  the 
uterus.  The  jvresent  view,  therefore,  is  that  this  influence  is  exerte^l 
through  the  blood. — the  other  great  system  connecting  the  organs 
with  one  another.  The  usual  assumption  is  that  the  ovaries  form  an 
internal  secretion  which  is  given  to  the  blood  or  l\Tnph  and  upon 
reaching  the  uterine  tissues  sen'es  to  stimulate  the  mucous  nieni- 
brane  to  a  more  active  growth.  This  theory  has  l^een  elaborated 
most  fidly  perhaps  by  P>aenkel,t  who  l^elieves  that  this  internal 
secretion  is  funiishe<i  by  the  yellow  cells  of  the  corpus  luteimi. 
This  obsen'er,  from  the  results  of  operations  upon  women,  believes 
that  the  ovum  is  normally  discharged  two  weeks  before  menstrua- 
tion.  and  the  resulting  increased  activity  of  the  cells  of  the  corpus 


*  Reiu,  "  Archiv  f.  die  pesnmrtit^  Physiolope,"  vol.  xxiii. 

t  Fraenkel/'Art'liiv  f.  C.vnaknIo(rie."'6R.  2.  n»03.  See  also  Ihm. '*Monftt<^ 
whrift  f.  fleburtshulfe  u.  Ciynftkol,"  21,  515,  1906,  for  cliscuwdon  and  exten- 
sive literature. 
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luteum  furnishes  the  secretion  which  stimulates  the  uterus  to  the 
augmented  growth  that  takes  jilat*e  in  the  premenstrual  |)erio(l. 
This  view,  as  well  as  (Klier  mtwt  ini|Mjrlant  funrtions  which  this 
author  attributes  t(»  the  siK-eilic  tissue  of  the  i"or|»us  hiteum,  have 
not  l)een  conchisively  demonstrated.  At  present  |)erhaps  it  is 
wiser  to  adopt  the  more  cautious  theon'  that  some  element  in  the 
ovan'  furnishes  an  internal  secretion  which  is  normally  necessary 
to  the  nutrition  of  the  uterus,  and  whose  augmentation  iluring  the 
growth  of  a  (iraafian  follicle  lea<ls  t*>  the  greater  metaiwlism  charac- 
teristic of  the  prcmenstnial  jieriotL 

The  Physiological  Significance  of  Menstruation. — Naturally 
many  views  have  l>ee!i  j>ropc>sefl  to  explain  the  significance  of  men- 
struation. According  to  the  Mosaic  law.  it  is  a  process  of  purifica- 
tion; others  have  seen  in  it  a  mechanism  to  remove  an  excess  of 
nutriment  in  the  bo^ly;  but  since  the  period  in  vvjucli  our  knowl- 
edge of  the  stnictnrc  of  the  organs  concerned  uiul  of  the  histo- 
logical changes  during  the  act  l>ecame  more  definite,  theories  *jf  the 
meaning  of  menstruation  have  usually  assmned  that  it  is  a  prepara- 
tion for  the  reception  of  the  fertilize<l  ovum.  These  views  have 
taken  two  divergent  forms  accorduig  as  the  act  of  ovulation  was 
believed  to  precede  or  t^i  hapf>en  simultaneously  Avith  or  subse- 
quently to  the  act  of  menstruation.  According  to  one  view,  the 
swelling  and  congestion  of  the  membrane  constitute  a  prepara- 
tion for  the  reception  of  the  fertilized  ovum.  If  the  ovum  fails  of 
fertilization,  then  degenerative  changes  ensue,  and  the  membrane 
or  a  jH»rtiou  of  it  is  cast  off  in  tlie  menstrual  flow,  while  the  re- 
mainder is  absorl>ed.  According  to  this  view,  menstrxmtion  is  an 
indication  that  fertilization  has  not  taken  place.*  This  \iew  is 
pnjbably  the  one  most  generally  accepteil  to-<lay,  and  falls  in  with 
the  l^lief  that  ovulation  normally  prece<les  menstniation  by  a 
considerable  interval.  The  other  point  of  view  was  a^Jvocated 
eapecially  by  Pfliiger  in  connection  with  his  lheor>'  of  the  common 
cause  of  o\ndation  and  menstruation.  He  assumed  that  menstrua- 
tion occurs  l^fore  the  ovum  rt*aches  the  uterus  and  that  its  physio- 
logical value  lies  in  the  fact  that  a  raw  surface  is  thus  made  upon 
which  the  omm  is  grafted.  Menstniation,  according  to  him,  is 
an  operation  of  nature  for  the  grafting  of  the  fertilized  ovum  upon 
the  maternal  organism.  This  view  finds  some  supix)rt  in  the  fact 
that  in  some  of  the  lower  animals  (dogs)  the  flow  of  blooti  precedes 
fertilization. 

The  Effect  of  the  Menstrual  Cycle  on  Other  Functions.— It 
is  natural  to  supix)se  that  such  marked  changes  as  occur  in  the 

•  Thi"  view  fuu^^^  cxppcs.«ion  in  tlie  aphorism.-^:  "Women  monstruate 
beraii«ie  they  do  not  conreive,"  Powers,  aiul "  Tbe  menstrual  crisis  is  the  phyai- 
olofrical  homolo^e  of  parturition,"  Jaoobi. 
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ovarj'  and  uterus  cluring  the  menstrual  cj"cle  should  have  an  in- 
fluence upon  other  parts  of  the  body.  As  a  matter  of  fact,  it  is 
known  that  in  general  the  sense  of  well-being  varies  %\ith  the  phases 
of  the  eycle.  At  the  time  of  or  in  the  period  just  precedinje  the 
menstrual  flow  there  is  usually  a  more  or  less  markeil  sense  of  ill- 
beinn;  or  despondency,  and  a  diminution  in  general  efficiency. 
Among  the  various  obser\'ations  made  by  objective  methods  upon 
the  functions  of  the  different  organs  during  these  periods  the  most 
significant,  probably,  are  those  upon  blood-pressure.  According 
to  Mosher,*  the  blood-pressure  falls  at  the  time  of  the  menstrual 
periods.  The  curves  obtained  in  these  experiments  are  not  entirely 
regular,  but  at  or  near  the  menstruation  the  bloo<l-pressure  falls 
slowly,  the  toaximum  fall  being  coincident  with  the  appearance  of 
the  liow.  It  would  seem  probable  that  the  fall  of  general  blood- 
pressure  is  tlue  directly  to  the  viusculur  dilatation  in  the  genital  or- 
gans and  in  turn  is  resj>onsible  for  some  of  the  secondary  phenomena 
observed  in  the  organism  as  a  whole.  It  is  very  suggestive  to  find 
that  the  author  quotetl  above  obtained  similar  periodical  falls  in 
blood-pressure  in  men,  suggesting  the  idea  that  lias  frequently  been 
expressed,  that  in  man  as  well  as  woman  there  is  a  rh>-thniical 
activity  of  the  genital  organs,  a  reproductive  cycle  that  in  man 
may  1^  referred  to  the  ilevelopment  and  extnision  of  the  sperma- 
tozoa in  the  testis,  as  in  woman  it  is  connectei  with  the  growth  and 
expulsion  of  the  ova  in  the  follicles  of  the  ovary. 

The  Passage  of  the  Ovum  into  the  Uterus.— The  means  by 
which  the  ovum  gains  entrance  to  the  Fallufuan  tubes  ha,s  given 
rise  to  much  speculation  and  some  interesting  experimenta»  It 
was  formerly  Wieved  (Haller)  tbit  at  the  time  of  ovulation  the 
fiml>riated  en*!  of  the  I'ullopian  tube  is  brought  against  the  ovar>% 
the  movement  being  due  to  a  congestion  or  sort  of  erection  of  the 

funbria'.     This  movement  has  not  iieen  observed,  and,  as  experi- J 

mentfi  show  that  small  objects  introducetl  into  the  pelvic  cavity  are  ■ 
taken  up  by  the  tuberf.  it  is  l)elieved  that  the  cilia  upon  the  finibrire  ■ 
and  in  the  tubes  may  suffice  to  set  up  a  current  that  is  sufficient  -^^  -^ 
to  direct  the  movement  of  the  ovum.    Attention  has  been  called  JE-^ 
to  the  fact  that  in  animals  with  a  bicomuate  uterus  the  ova  may  ^-^7 
l:)e  liberated  from  the  ovarj-  on  one  side,  as  shown  by  the  presence 
of  the  cor|X)ra  lutea,  while  the  embrvos  are  developed  in  the  horn 
of  the  other  side.     As  furtlier  evidence  for  the  same  possibility  of 
migration  it  has  been  shown  that  the  ovar\'  may  be  excised  on  one  -^^^ 
side  and  the  horn  of  the  uterus  on  the  other  and  yet  the  animal  may  ^— ' 
become  pregnant  after  sexual  union.     It  would  seem   probable— ^-i^* 
therefore,  that  the  o\'um  is  discharged  into  the  pelvic  ca\'ity  nnd^^" 
may  be  cauglit  up  by  the  eiliarj'  movements  at  the  end  of  the  tub^^^ 
*  Mrtsber.  "The  Johns  Hopkins  Hospital  BuUetin,"  1001 
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on  the  same  side,  or  may  traverse  the  pelvic  cavity  in  the  narrow 
spaces  between  the  viscera  and  be  received  liy  the  tube  on  the 
other  side.  Such  a  view  explains  the  possible  occurrence  of  true 
abdominal  pregnancies,  untl  suggests  also  the  possibility  that  ova 
may  at  times  fail  to  reiich  the  uterus  at  all  and  may  undergo  de- 
struction and  absorption  in  the  abdominal  cavity.  In  some  of 
the  lower  animats — the  dog,  for  example — provision  is  made  for 
the  more  certain  entrance  of  the  ova  into  the  tubes  by  the  fact 
that  the  latter  end  in  connection  with  a  membranous  sac  of  peri- 
toneum which  envelopes  the  ovjir>\  The  sexual  fertilization  of  the 
o\Tim  is  sup[xisetl  to  take  place  shortly  after  its  enfnmce  into 
the  Fallopian  tiil>e,  since  spermatozoa  have  been  found  in  this 
region,  and  the  fertilized  ovum^  before  reaching  the  sent  of  its  im- 
plantation in  the  body  of  the  uterus,  has  begun  its  development. 
Hy  the  act  of  coitus  the 
spermatozoa  are  defKJsited 
at  the  mouth  of  the  uterus, 
whence  they  make  their  way 
toward  the  tubes,  being 
guided  in  their  movements 
ver>'  probably  by  the  oppos- 
ing force  of  the  ciliary  con- 
tractions in  the  uterus.  It 
is  known  that  the  cilia  of 
the  tul)es  and  uterus  con- 
tract so  as  to  drive  inert 
objects  toward  the  vagina 
and  they  carry  the  egg  in 
this  direction,  but  the 
spermatozoa,  Ijeing  move*) 
by  the  contractions  of  their 
owa    cilia     or    tails,    are 

stimulated  to  advance  Jigainst  this  ciliary  current.  The  act  of  ferti- 
lization of  the  ovum  is  preceded  by  certain  prepanitory  changes 
in  the  ovum  itself  which  are  describoJ  umier  the  term  maturation. 
Maturation  of  the  Ovum. —  The  process  of  maturation  occurs 
before  or  just  after  the  sfjenuutozoon  enters  the  ovum.  At  the 
time  the  latter  is  extruded  fn>m  the  follicle  it  is  a  single  cell  sur- 
rounded by  a  layer  of  follicular  epithelium  forming  "the  corona  ra- 
diflta,  which  is  subserjuently  lost.  The  egg  proper  consists  of 
cytoplasm  and  a  nucleus  or  germinal  vesicle  containing  a  nuclwilus 
or  genninal  spot.  Within  the  cytophism  is  a  definite  collection  of 
foo<l  material  or  yolk  which  is  sometimes  designated  as  deutoplasm. 
The  whole  structure  is  surrountled  by  a  membrane  known  as  the 
zona  radiata  ( Fig.  268) .  1  Jefore  or  after  the  egg  reaches  the  Fallopian 


Pig.  268. — Hutiiiinnvuin  {Lm,  mmlitied  frnat 
Xaoti).  n.  Nucleub  tcerminAl  vesicle)  cont&lning 
ihe  ameboid  nucleolus  (terminal  apot);  d,  tieu- 
topUamic  soue;  p.  protoplA«inio  budc;  x.  iniui 
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.tube  its  nucleus  undergoes  the  changes  preparat-on-  to  a  mitotic 
division.     These  changes  are  essentially  similar  to  those  of  ordi- 
nary' cell  division  as  represented  schematically  in  Fig.  269.     The 
nucleus  at  first  presents  the  ordinar>^  chromatin    network,  and  in 
the  ry t^phism  lies  the  minute  structure  known  as  the  centrosome. 
This  latter  divides  into  two  daughter-centrosonies  {b)  which  mo\*e 
to  opjx)site  sides  of  tlie  nucleus  and  become  surrounded  by  rays, 
each    centrosome    with   its   radiating   system    forming  an   a^tro- 
sphere.    The    chromatin  material   in   the  nucleus  meanwhile  has 
collected   into   larger   threads    known    as    chromosomes    (c),  and 
the  nuclear  membrane  disapjiears  (d).     The  number  of  chromo- 
somes is  deftiiite  for  each   species  of  animal.     The  chromosomes 
arrange  themselves  equatorially  l^etween  the  astrospheres  and  thea 
each  divides  longitutlinally  into  two  parts  (/).     These  parts  migrate 
or  are  drawn  toward  their  res|jective  centrosomes  {g,  h,  0»and  this 
divLsirm  is  followed  hy  a  Heparutinn  of  the  cytoplasm  into  two  parts. 
Thus,  two  datighter-cells  are  formed,  each  containing  the  same 
number  of  chromosomes  as  the  jmrent-cell,  but  only  half  the  amount* 
of  chromatin  material.     The  cell  itivision  results  in  a  quantitative 
reductirm  of  the  chronrntin  material.     In  ordinar>'  cell  division  the 
chromosomes  again  form  a  resting  reticulum  and  a  nuclear  mem— 
branc  and  the  chromatin  substance  increases  in  quantity.     In  the 
uxxxin  a  similar  cell  divi.sion  takes  place  except  that  the  daughter- 
cells  are  very  unc*[uul  in  size:  one  is  very  minute  and  is  known  a» 
the  first  polar  body,  the  other  as  the  ovum.     After  the  formation  and 
extrusion  of  tlie  first  yxdar  lK>dy,  (he  o\iun  again  undergoes  di\*isior» 
into  two  une(jual  halves,  giving  rise  to  a  second  polar  l)ody-     Iti. 
this  division,  however,  the  chromosomes  are  dividetl  transversely , 
and  the  ovum  after  the  division  is  left  with  only  half  the  numlxr  of 
chromosomes  characteristic  of  the  species.     In  the  formation  and 
extrusion  of  the  two  polar  bodies  the  matured  ovum  has  suffered 
both  a  quantitative  and  qualitative  reduction  in  chromatin   ma- 
terial, and  is  left  with  only  Inilf  its  numl)er  of  chromosomes.     Since 
the  first  polar  body  after  its  separation  may  again  di\ide  into  two 
cells,  the  process  of  maturation  restdts  in  the  formation  of  four  cellsv 
three  of  which  are  polar  botlies  and  may  be  regarded  as  abortive 
ova.     The  fourth,  the  matured  ovum,  retains  practically  nil  of  the 
original  cytoplasm^  but  has  lost  a  part  of  its  chromatin  materia-l 
and.  according  to  Hoveri,  also  its   centrosome.     The    productioO 
of  these  four  cells  may  be  represented,  therefore,  by  a  schema  <>^ 
the  kind  shown  in  Fig.  270.    The  details  of  this  process  of  form;* — 
tion  of  the  polar  bodies  and  of   reduction  in  chromatin  niateri^^ 
differ  somewhat  in  different  anunals.*    The  process  lias  not  bee.T:»- 

♦  Kor  rletaiU  nee  WiUon.  "The  Cell  in  Development  and  Inheritance-^* 
Second  edition.  1900,  New  York. 
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followed  in  the  hunian  o\'um,  but  since  it  occurs  in  the  eggs  of  all 
animals  with  sexual  reproiluction,  so  far  as  they  have  been  studied, 
it  18- justiiiable  to  ass*unie  that  a  similar  change  takes  place  in  man. 
From  a  biological  standpoint  the  retluctioti  of  chromosomeji  and 
the  loss  of  the  centrosome  throw  much  lipht  upon  the  necessity  of 
fertilization  by  the  male  cell.  The  si>ennatozoun  fjefore  it  is  ripe 
undergoes  a  process  of  maturation  essentially  similar  to  thfit  des- 
cribed for  the  o\nim.  Two  cell  divisions  take  place  with  the  for- 
mation of  four  8i)ermatozoa.  each  of  which,  however,  is  a  functional 
spermatozoon.  In  the  process  of  division  the  number  of  chromo- 
somes in  each  cell  is  re<luced  by  half.  Wlieii  the  matured  oMjm 
and  the  matureil  spemiatoKoun  fuse,  therefore,  each  bring.*^  half 
the  normal  nund^er  of  chromosomes,  and  the  resulting  fertilized 
o\'um  is  a  cell  with  its  ehromosomes  restored  to  their  usual  number. 
The  chromatin  material  is  the  essential  part  of  the  reproductive 
element.     We  lm\e  reasons  to  believe,  in  fact,  that  it  is  the  sub- 
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Stance  which  has  the  power  of  development  and  which  ponve>'8 
the  hereditan*  structure  specific  to  the  animal.  The  process 
which  causes  each  element  to  lase  a  part  of  this  material  before 
its  union  with  the  cell  of  the  opposite  sex  is  a  provision  by  means 
of  which  the  fertilized  egg  from  which  the  offspring  develops  shall 
inherit  the  clmracteristics  of  each  parent  without  increase  in 
the  typical  amount  of  the  chromosomes.  The  loss  of  the  centro- 
some by  the  mature<l  egg  is  interpreted  by  lioveri  as  follows:*  This 
minute  structure  is  the  instrument  by  which  the  mechanical 
process  of  cell  division  is  initiated  and  completed.  Its  loss  by  the 
matured  oxnim  prevents  this  cell  from  further  development,  but 
in  the  act  of  fertilization  the  spermatozoon  brings  into  the  egg  a 
new  centrosome,  or  causes  the  formation  of  a  new  centrosome  after 
its  entrance,  and  thus  immediately  starts  the  process  of  cell  mul- 
tiplication.    I'^mai    this   standpoint    the   loss   of   the   centrosome 

*  For  a  popular  pre!*enlBtioa  see  Boveri,  '*  Das  Problem  der  Refrufhtung. " 
Jena.    V.HYl. 
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by  the  ^g  is  a  pro\nsion  to  necessitate  sexual  union,  and  thus 
insure  the  benefits  that  presumably  are  associated  with  the  fusion 
of  two  cells  originating  from  different  individuals. 

Fertilization  of  the  Ovum, — The  spennutozoon  comes  into 
contact  with  the  o\auii  probably  at  the  beginning  of  the  Fallopian 
tubes.  The  meeting  of  the  two  cells  is  possibly  not  simply  a  matter 
of  accidental  contact,  although  the  number  of  spermatozoa  dis- 
charged by  the  male  at  coitus  is  so  great  that  there  would  seem 
to  be  little  chance  for  the  ovum  to  fail  to  meet  some  of  them.  Ex- 
periments upon  the  reproductive  elements  of  plants  indicate,  how- 
ever, that  the  egg  may  contain  substances  which  ser\*e  to  attract 
the  spermatozoon,  within  a  certain  radius,  by  timt  force  which 
is  describeil  under  the  name  of  chemotaxis.  However  this  may  be, 
the  egg  unites  with  a  spermatozoon  and  under  normal  conditions 
with  only  one.  A  numljer  of  the  spennatozoa  may  penetrate 
the  zona  radiata,  but  so  soon  as  one  has  come  into  contact  with 
the  cytoplasm  of  the  egg  a  reliction  ensues  in  the  surface  layer 
which  makes  it  inipenious  to  other  spennatozoa.  Tlie  spermato- 
zoon consists  of  three  essential  parts.^ — the  head,  the  middle  piece. 
and  the  tail.  The  last  named  is  the  organ  of  locomotion,  and 
after  the  spemmtoz<>on  enters  the  egg  this  portion  atrophies  and 
disapi>ears,  probably  by  absorption.  The  heaii  of  the  spermato- 
zoon represents  the  nucleus,  and  contains  the  valuable  chromatin 
material.  On  entering  the  egg  it  moves  toward  the  nucleus  of  the 
latter,  mwrnwhile  enlarging  and  taking  on  the  character  of  a  nu- 
cleus. The  egg  now  contains  two  nuclei, — one  belonging  to  it  origi- 
nally, the  female  pronucleus;  one  brought  into  it  by  the  spenna- 
tozoon.  the  male  pronucleus.  The  two  come  together  and  fuse, 
— superficially  at  lea.st, — forming  the  nucleus  of  the  fertilized  ejyr.  or 
the  segmentation  nucleus.  The  middle  i>iece  of  the  spermatozoon 
also  enters  the  egg,  but  its  exact  function  and  fate  is  still  a  matter 
of  some  uncertainty.  Roveri  believes  that  it  brings  into  the  egg  a 
centrosome  or  material  which  induces  the  formation  of  a  centro- 
some  in  the  o\aim  and  is  therefore  of  the  greatest  importance  in 
initiating  the  actual  process  of  cell  divLsion  which  begins  promptly 
after  the  fusion  of  the  nuclei.  In  the  segmentation  nucleus  the  nor- 
mal number  of  chromosomes  is  restored,  and  it  is  believed  tlmt  in 
the  subsequent  divisions  of  the  cell  to  form  the  embr>'o  the  f'hron»(»- 
somes  are  so  divided  that  each  cell  gets  some  maternal  and  mme 
paternal  chromosomes,  and  thus  shares  the  hereditary  characteris- 
tics of  each  parent.  This  view  Is  represented  in  a  schematic  way 
by  Fig.  271,  takeji  from  Boveri,  the  maternal  and  paternal  chrorao- 
Bomes  being  indicated  by  different  colors.  According  to  this  descrip- 
tion, both  egg  and  sj)ermatozotJn  are  incomplete  cells  Ijefore  fusion. 
The  egg  contains  chromatin  for  a  nucleus,  and  a  large  cell  body, 
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cyloplafim,  rich  in  nutritive  material,  but  it  lacks  a  centrosome, 
so  that  it  can  not  multiply.  The  .speriiiatozaon  has  also  chromatin 
for  a  nucleas,  and  a  centrotsonie  or  the  material  which  may  give 
rise  to  a  ceiilrosome,  but  it  latrkscytoplasm, — that  is,  food  material 
for  gnnvth.  It  would  seem  that  if  the  Kj^ermatozoon  could  be 
given  a  (luaritily  of  cytoplasm  it  would  proceeil  to  develo]>  an  em- 
bryo without  the  aid  of  an  o\aira.  This  exjieriment  ha.s,  in  fact. 
[jeen  made  by  Boveri.  Eggs  of  the  sea-urchin  were  shaken  violently 
so  as  to  break  them  iiit<t  fragments.  If  now  a  spermatozoon  entered 
one  of  these  fragments,  which  cou.sistet-l  only  of  cytoplasm,  cell 
multiplication  began  and  proceedetl  to  the  fonnation  of  a  larva. 
On  the  other  hand,  it  would  seem  to  be  equally  evident  that  if  a 
centrovsome  was  present  in  the  egg  or  some  influence  cotd<l  l>e 
brought  to  bear  ufx>n  it  to  make  it  form  a  centro.Home  it  would 
develop  without  a  spermatozoon.  In  some  animals  eggs  <]o  nor- 
mally develop  at  timet!  without  fertilization  by  a  spermatozoon 
(parthenogenesis),  the  eggs  that  have  this  proj^ierty  proliably  pre- 
ser\'ing  their  centrosomes.  Loeb*  has  shown,  however,  in  some 
most  interesting  experiments  that  cert^iin  eggs,  especially  those  of 
the  sea-urchin  {8trong}docentrotus  purpuratus),  which  normally 
develop  by  fertilization  with  s|)ermatozoa,  may  be  made  to  ilc- 
velop  by  physicochemical  means.  His  latest  method  is  to  treat 
the  egg  for  a  tiiinute  or  two  with  an  iiciil  {acetic,  formic,  etc.), 
which  causes  the  formation  of  a  membrane.  They  are  then  placed 
for  a  certain  interval  in  a  hyi>ertonic  sea  water,  made  by  adding 
sodium  chlorid  to  ordinary  sea  water.  They  are  then  transferred 
to  normal  sea  water  and  after  an  hour  or  so  they  begin  tf)  multiply 
and  eventually  develop  into  normal  larva?.  Similar  although  less 
complete  results  were  obtained  pre\iously  by  Morgan. 

Implantation  of  the  Ovum. — After  fertilization  inthe  tul>ethe 
ovum  begins  to  segment  and  nudtiply,  and  meanwhile  is  rarricil 
toward  the  uterus,  probably  by  the  action  of  the  cilia  lining  the  tube. 
Upon  reaching  the  cavity  of  the  uterus  it  becomes  attached  to  the 
mucous  membrane,  usually  in  the  neighborhood  of  the  fundus. 
The  membrane  of  the  utenis  has  l>ecomo  much  thickened  mean- 
while, and  in  thi.s  con<lition  is  known  usually  as  the  decidua.  The 
portion  to  which  the  egg  becomes  attached  i.s  the  decidua  serotina, 
and  it  eventually  develops  into  the  placenta,  the  organ  through 
which  the  maternal  nutriment  is  supplied  tr>  the  fetus.  The  ovum 
lias  made  consirlerable  progrefvs  in  its  development  before  reaching 
the  uterus,  having  formed  amniftn  and  chorion,  with  chorionic  villi. 
Some  of  the  ectodermal  cells  in  the  chorion  become  specialize<l  to 
form  a  group  of  trophoblastic  cells  which  have  a  digestive  action, 

♦  Loeb,  "University  of  Califoniia  Publirations."  2,  pp.  S3,  S9.  and  113, 
1905.     See  also  Wil^n,  '*  Archiv  f.  eiUttit-k.  Mechanik/'  12,  1901. 
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and  it  is  suggested  that  the  activity  of  these  ceils  enables  the  ovum 
to  become  attacliei!  to  the  decidual  membrane  and  to  hollow  out 
spaces  in  which  the  chorionic  papilla  become  inscrtetl.*  The  further 
tlevclopinent  of  the  cgp;  into  a  fetus»  the  formation  of  the  decidua 
graviditatis,  and  the  placenta  are  anatomical  features  that  need 
not  he  (lescrilied  here.  Details  of  these  structures  will  be  found 
in  works  on  anatomy,  embr>'olog>',  or  obstetrics. 

The  Nutrition  of  the  Embryo — Physiology  of  the  Placenta. 
— At  the  tinit^  of  fertilization  the  »)vum  t-ontaiiis  a  small  amoimt 
of  nutriment  in  it^  rytojilasm.  The  amount,  however,  in  the  mam- 
maUan  ovum  is  small  and  suffices  i)robably  only  for  the  initial  Ptages 
of  growth.  \Mien  the  ovum  becomes  implanted  in  the  decidual 
meml)rane  of  the  utenis  the  new  material  for  growth  must  he  al>- 
sorbed  dii^ectly  from  the  maternal  blood  of  the  uterus.  Within 
a  short  time,  however,  the  cbonoiiic  villi  begin  to  burrow  into  the 
uterine  membrane  at  the  jwint  of  attarhment.  the  decidua  sen^lina. 
and  the  placenta  gratlually  iorms  ns  a  definite  organ  for  the  control 
of  fetal  nutrition.  The  details  of  histological  structure  of  this 
organ  must  be  obtained  from  analomical  sources.  For  the  purposes 
of  understanding  lis  general  functions  it  is  sufficient  to  recall  that 
the  placenta  consists  essentially  of  vascular  chorionic  papilla?  from 
the  fetus  bathed  in  large  blood-spaces  in  the  decidual  membrane  of 
the  mother.  The  fetal  and  the  maternal  blood  do  not  come  into 
actual  contact:  they  are  sejjarated  from  each  other  by  the  walls  of 
the  feta!  blood-vessels  and  the  epithelial  layers  of  the  chorionic  villi, 
but  an  active  diffusion  relation  is  set  up  l^etween  them.  Nutritive 
material,  proteid.  fat,  and  carlx>hydrate,  anil  oxygen  pass  from 
the  maternal  to  the  fetal  blood,  and  the  waste  protluct*  of  fetal 
metabolism — cariion  dioxid.  nitrogenous  wastes,  etc.,  pass  from  the 
fetal  to  the  maternal  blood.  The  nutrition  of  the  fetal  tissties  18 
maintained,  in  fact,  in  much  the  same  way  as  though  it  were  an 
actual  part  of  the  maternal  organism.  That  material  paf^ses  fmm 
the  maternal  to  the  fetal  blood  is  a  necessar>'  inference  from  the 
growth  of  the  fetus.  The  fact  has  also  been  demonstraleil  re|>eat- 
edly  by  direct  experiment,  bladder  added  to  the  food  of  the  mother 
colors  the  fjonesof  the  embr\'o.  Salts  of  various  kinds,  sugar,  drugs, 
etc.,  injected  into  the  maternal  circulation  may  aften\ard  \ie  de- 
tected in  the  fetal  blood.  But  we  are  far  from  having  data  that 
would  justify  us  in  supjxising  that  the  exchange  between  the 
two  bloods  is  effected  by  the  known  physical  processes  of  os- 
mosis, diffusion,  and  filtration.  The  difficulties  in  understanding 
the  exchange  in  this  case  are  the  same  as  in  the  absorption  of  nour- 
ishment by  the  tissues  generally.  It  is  perhaps  generally  assumed 
that  the  chorionic  villi  play  an  active  part  in  the  process,  func- 
*  See  Minot, ''  Traasactious  of  the  American  Gynecological  .S«M-iety.  *'  I9(H. 
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tioning,  in  fact,  in  much  the  same  way  as  the  intestinal  \'illi,  This 
assumption  implies  that  the  ejMthelial  cells  of  the  villi  take  an  active 
jmrt  in  the  al>scjrj>titjn  of  material  by  virtue  of  activities  which  can 
not  be  wholly  explained^  but  which  without  doubt  are  due  to  the 
chemical  and  physical  properties  of  the  eiibstance  of  which  they  are 
composed.  This  assumption  doei*  not  mean  that  the  simpler 
and  l^etter  untierstoo<l  physical  pro|M?rties  of  diffusion  and  (>smosi8 
are  not  also  important.  The  respiraton'  exchange  of  gasea^  the 
diffusioD  of  water,  salts,  and  sugar,  may  be  largely  controlled  in  this 
way.  There  are  no  facts  at  least  which  contradict  such  an  assump- 
tion. The  passage  of  fats  and  proteids,  however,  would  seem  to 
require  some  si>ecial  activity  in  the  chorionic  tissue,  which  may  bei 
connecteti  with  the  jiresence  of  special  cnzvmes.  Glycogen  occurs 
in  the  placenta  itself  and  in  all  the  tissues  of  the  eml>r>'o  during  the 
peritxi  of  most  active  growih.  In  the  later  jjeriod  of  cmhr>'onic 
life,  as  the  liver  assumes  its  functions,  the  glycogen  lte<'omes 
more  localized  to  this  organ  and  disapi»ears.  except  for  traces, 
in  the  skin,  lungs,  anti  other  tissues  in  which  it  was  present  at 
first  in  considerable  <|uantities.  It  would  appear,  therefore,  that 
glycogen  (sugar)  rej)rescnts  one  of  the  important  materials  for  the  i 
gn^wth  of  the  embrvo,  and  that  in  the  licginning  at  least  the  (issues 
generally  have  a  glycogenetic  |X)wer.  The  sugar  brought  to  the 
placenta  in  the  nmtemal  hlooii  jmsses  over  uito  the  fetal  blood  and 
the  excess  l_>eyond  that  immediately  consumetl  is  deposite^l  in  the 
tissues  as  glycogen.  The  hotly  fat  of  the  fetus  is  at  first  slight  in 
amount,  but  after  the  sixth  month  begins  to  increase  with  some 
rapidity.  The  fat-forming  tissues  are  in  full  activity,  tlierefore, 
^jefore  birth,  and  function  doubtless  in  the  same  way  as  in 
the  adult.  Jiefore  birth  also  the  various  organs  l>egin  to  take  on 
their  normal  activity.  The  kidney  may  fonn  urine  long  l>efore 
birth,  as  Ls  shown  by  the  presence  of  this  secretion  in  the  bladder, 
and,  shortly  before  liirth  at  least,  it  has  the  pf>wer  of  producing 
hippuric  acid,  as  may  be  shown  by  injecting  l>enzoates  into  the 
bloofl  of  the  mother.  The  kidney  functi(ms  of  the  embr>'o.  how- 
ever, are  doubtless  ix^rformcd  chiefly  by  the  placenta  ami  the 
kidney  of  the  mother  up  to  the  time  of  birth.  That  the  liver  also 
t>egins  to  assume  its  fmictions  early  is  showTi  by  the  fact  that  from 
the  fifth  to  the  sixth  month  one  may  fin<i  bile  in  tlie  g]ill-bla<lder. 
In  the  intestine,  colon,  there  b  found  alscj  a  collection  of  excrement, 
the  meconium,  which  shows  that  the  motor  and  secretory*  functions 
of  the  intestinal  canal  may  be  present  hi  the  last  months  of  fetal 
life.  From  the  jmncrcjLs  a  proteolytic  enzyme  may  be  extracted  at 
the  time  of  birth  or  l)eforr,  btit  the  amykilytic  enzyme  is  not  formed 
apparently  until  scjme  time  later.  It  is  stated,  at  least,  that  it  is 
not  present  at  birth.     In  general,  it  is  evident  that  for  a  long  perio<i 
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the  maternal  organism  digests  and  prepares  the  food  for  the  embno, 
excretes  the  wastes,  regulates  the  conditions  of  temperature,  etc., 
as  it  does  for  a  portion  of  its  own  substance,  but  as  the  fetus  ap- 
proaches term  its  tissues  and  organs  begin  to  assume  more  of  an 
independent  activity,  as  indeeci  must  be  the  case  in  preparation 
fur  the  sudden  cliauge  at  birth.  lu  this  respect,  as  in  all  parts  of 
the  rci)rodiictive  process,  we  meet  with  regidations  whose  mechanism 
is  but  dimly  iinderstoo<l. 

Changes  in  the  Maternal  Organism  during  Pregnancy. — 
The  two  most  distinct  effects  upon  the  mother  that  result  from 
prepiaiu'V  arc  the  growth  uf  the  uterus  and  «)f  the  iiianunar>'  gland. 
The  virgin  utems  is  small  ami  firm,  weighing  fmm  30  to  4t)  gms.» 
while  at  the  end  of  pregnancy  it  may  weigh  as  much  as  ItXK)  gms. 
This  great  increase  in  material  is  due  partly  to  the  growth  of  new 
muscular  tissue  and  partly  to  an  hy]>ertrophy  of  the  miLsele  already 
present.  In  the  utenis  at  tenn  the  muscle  cells  are  much  longer 
and  larger  than  in  the  organ  before  fertilization.  The  stimulus 
that  initiates  and  controls  this  new  growth  is  seemingly  the  fertil- 
ized oviim  itself,  but  the  physiological  means  employed  are  not 
comprehendetK  We  know  from  exjierimpnt^  upon  lower  animals 
(Rebi)  tiiat  wlien  all  connections  with  the  central  nervous  system 
are  severed  the  fetus  develops  normally  and  the  uterus  increases 
correspondingly  in  size  and  weight.  The  influence  of  the  ovum  on 
the  uterus  must  be  exerted,  therefore,  either  through  some  local 
ner^'e  centers  in  the  utems,  or.  as  seems  much  more  probable, 
through  some  chemical  stimulus  wliich  it  gives  to  the  organ.  The 
effect  of  the  presence  and  growth  of  the  ovum  on  the  niamman* 
gland  is  treated  in  a  separate  paragraph  below.  In  a<ldition  to 
these  two  visible  cfTects  it  is  evident  that  the  growth  of  the  fetus 
has  an  important  influence  on  general  metabolism  and  therefore 
upon  the  whole  maternal  organism.  This  fact  is  indicateil  by  the 
marked  changes  often  exliibiied  in  the  physical  and  mental  con- 
tlition  of  tlie  mother.  It  is  shown  more  precisely  by  a  study  of  the 
nutritional  changes.  Numerous  investigations  have  been  made 
upon  this  side  especially  as  regards  the  nitrogen  ec|uilibrium.  Dur- 
ing the  latter  |3art  of  pregnancy  especially  the  nitrogen  balance  is 
positive, — that  is,  nitrogen  is  stonnl  as  proteid, — due  doubtless 
both  to  the  growth  of  the  enibr>o  and  the  increase  in  material  in 
the  litems  and  mammary*  gland.  The  proportion  of  ammonia  in 
the  urine  increases  during  pregnancy  and  especially  during  labor 
(Slemmons*). — a  result  which  may  be  due  to  some  interference 
with  the  normal  functions  of  the  liver. 

Parturition. — The  fetus  "comes  to  term"  usually  in  the  tenth 
menstmal  period  after  conception, — that  is,  about  280  days  after 

♦Slemmons,  "The  Johns  Hopkins  Hospital  Reports,"  12,  Ul.  I9(M. 
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the  last  menstruation.  The  actual  time  of  deliver^',  however, 
shows  considerable  variation.  Delivery  occurs  in  consequence  of 
contractions,  more  or  less  periodical,  of  the  musculature  of  the 
uterus,  and  reflex  as  well  as  voluntarv'  contractions  of  the  abdom- 
inal muscles.  It  has  been  sh<)wn  that  ileliver\'  may  occur  when  the 
nen*es  connecting:  the  utenis  with  the  central  nervous  system  are 
severed,  so  that  the  act  is  essentially  an  independent  function  of 
the  uterus,  although  under  normal  contlitiona  the  contractions  of 
this  organ  are  doubtless  influenced  by  reflex  effects  through  its 
extrinsic  ner\'es.  It  has  been  shown  that  contractions  of  the  gravid 
uterus  may  be  causeil  by  stimulation  of  various  sensory  nerves,  and 
in  women  it  is  known  that  deliver^'  may  be  precipitateii  prematurely 
by  various  mental  or  physical  disturbances.  The  interesting  prol> 
lem  physiologically  is  to  determine  the  normal  factor  or  factors  that 
bring  on  uterine  contractions  at  terra.  Various  more  or  less  unsatis- 
factory theories  have  l>een  proposed.  Some  authors  attribute 
the  act  to  a  change  in  the  maternal  organism,  such  as  mechani- 
cal distension  of  the  utenis,  a  venous  condition  of  the  blood,  a 
degenerative  change  in  the  placenta,  etc.,  while  others  supfxise  tliat 
the  initial  stimulus  comes  from  the  fetus.  In  the  latter  case  it 
is  suggested  that  the  increasing  metabolism  of  the  fetus  is  insuffi- 
ciently pro\ifletl  for  by  the  placental  exchange,  and  that  therefore 
certain  products  arc  formed  wluch  serve  to  stimulate  the  uterus 
to  contraction. 

The  liuration  of  the  labor  pains  is  variable,  but  usually  they  are 
longer  in  primipanp,  ten  to  twenty  hours  or  more,  than  in  multip- 
arap.  After  the  fetus  is  delivered  the  contractions  of  the  uterus 
continue  until  the  placenta  also  is  expelled  as  the  *' after-birth." 
During  these  latter  contractions  the  fetal  bliMxl  in  the  placenta  is, 
for  the  most  part,  squeezed  into  the  circulation  of  the  new-bom 
chihi.  The  hemorrhage  from  the  walls  of  the  uterus  due  to  tlie  rui>- 
ture  of  the  placenta  may  \w  profuse  at  tirst,  hut  under  normal  con- 
ditions is  soon  controlled  by  the  firm  contraction  of  the  uterine  walls. 

The  Mammary  Glands. — At  the  time  of  pul>t*rty  the  mam- 
mar}^  glands  increase  in  size,  but  this  growth  is  confined  mainly 
to  the  connective  tissue;  the  true  glandular  tis.sue  remains  rudi- 
mentan.'  and  functionless.  At  the  time  of  conception  the  gland- 
ular tissue  is  in  some  way  stimulated  to  ^owih.  Secreting  alveoli 
are  formed,  and  iluring  the  latter  part  of  pregnancy  they  prcMluce 
an  incomplete  secretion,  scanty  in  amount,  known  as  colostrum. 
After  deliverv'  the  gland  e\'idently  is  again  brought  under  the 
influence  of  special  stimuli.  It  Uecomes  rapidly  enlarged  and  a 
more  abundant  secretinn  is  formed.  For  the  first  flay  or  two 
this  secretion  still  has  the  characteristics  of  colostrum,  but  on 
the  third  or  fourth  dav  the  true  milk  is  formed  and  thereafter  is 
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produced  abuntlantly  diuing  the  period  of  lact-ation  under  the  in- 
fluenf'c  of  the  act  of  milking.  If  during  tliis  period  a  new  con- 
ception occiu's  the  milk  secretion  is  altered  in  composition  and 
finally  ceases.  On  the  other  hand,  if  the  act  of  nursing  is  aban- 
doned permanently  the  glands  after  a  preliminar*' stage  of  turgid- 
ity  undergo  retrogretwive  changes  that  result  in  the  cessation  of 
secretorj-  activity.  The  colostrum  secretion  that  occurs  during 
pregnancy  and  for  a  day  or  two  after  birth  differs  from  milk  in 
its  composition  anil  histological  structure.  It  is  a  thin,  yellowish 
liquid  containing  a  larger  percentage  of  albumin  and  globulin 
and  a  smaller  percentage  of  milk-sugar  and  fat  than  normal  milk. 
Under  the  microscope  it  shows,  in  addition  to  some  fat  droplets^ 
certain  large  elements, — the  colostrum  corpuscles.  These  con- 
sist of  spbericfll  cells  filleil  with  fat  droplets,  and  are  most  probably 
leucocytes  filled  with  fat  which  they  have  ingestetl.  Colostrum 
corpuscles  nmy  occur  in  milk  whenever  the  secretion  of  the  gland 
is  interfere<l  with,  and  their  presence  may  be  taken  as  an  indi- 
cation of  an  incomplete  secretion. 

The  Connection  Between  the  Uterus  and  the  Mammary 
Gland. — The  physiological  ronneclion  between  the  ulenis  and 
the  mammary  gland  is  shown  iiy  the  facts  mentioned  in  the  pre- 
ceding paragraph.  That  the  ovary^  also  shares  in  this  influence 
either  directly  or  through  its  effect  on  the  uterus  is  shown  by 
the  fact  that  after  complete  ovariotomy  the  mammary'  glanti  under- 
goes atrophy.  This  unflouI>ted  influence  of  one  organ  upon  the 
other  might  be  exerted  either  through  the  central  nervous  system 
or  by  way  of  the  circulation.  There  are  indications  that  the 
secretion  of  the  mammar>-  glands  is  under  the  control,  to  some 
extent  at  least,  of  the  central  nerN'ous  system.  For  instiince,  in 
women  during  the  jieriod  of  lactation  cases  have  l^een  recorde*! 
in  which  the  secretion  was  altered  or  perhaps  entirely  suppressed 
by  strong  emotions,  by  an  epileptic  attack,  etc.  This  indication 
has  not  received  satisfactor>'  confimmtion  from  the  side  of  ex- 
perimental physiology.  Eckhanl  found  that  section  of  the  main 
nerve-tnink  stjpplying  the  gland  in  goats,  the  external  spermatic, 
caused  no  difference  in  the  quantity  or  quality  of  the  secretion. 
Rohrig  obtained  more  positive  results,  inasmuch  as  he  found  that 
some  of  the  branches  of  the  external  spermatic  supply  vasomotor 
fibers  to  the  blood-vessels  of  the  gland  and  influence  the  secretion 
of  milk  by  controlling  the  local  blood-flow  in  the  gland.  Section 
of  the  inferior  branch  nf  this  nen'e,  for  example,  gave  increased 
secretion,  while  stinuilation  caused  diminished  secretion,  as  in  the 
case  of  the  vasoconstrictor  fil:>ers  to  the  kidney.  These  residts 
have  not  been  confirmed  by  others — in  fact,  they  have  been  sub- 
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jecteti  to  adverse  criticism — and  they  can  not,  therefore,  be  ac- 
cept-eil  unhesitatingly. 

Mironow*  rejwrts  a  number  of  interesting  experiments  made 
upon  goats.  He  found  that  artificial  etiniulation  of  sensor>'  nervee 
causes  a  diminution  in  the  amount  of  secretion,  thus  confimiing 
the  opinion,  tta^sed  uix»n  observations  iiix^ii  the  human  bi'ing, 
that  in  some  way  the  central  nervous  system  exerts  an  influence 
on  the  mammary  gland.  When  the  mammary  glands  are  com- 
pletely isolated  from  their  connections  with  the  central  ner\'ou.s 
SA'stem,  stimulation  oi  an  afferent  nerve  no  longer  influences  the 
secretion,  ^fironow  states  also  that,  although  section  of  the  ex- 
ternal spermatic  on  one  side  does  not  influence  the  secretion,  sec- 
tion of  this  nerve  on  Iwth  sides  is  followp<l  hy  a  marked  diminu- 
tion, and  the  same  residt  is  obtained  when  the  glan<l  on  one  si<le 
is  completely  isolated  from  all  nervous  connections.  The  dimi- 
nution of  the  secretion  in  these  cases  comes  on  ver>''  slowly, — 
aft^r  a  number  of  days, — so  that  the  effect  can  not  be  attributed 
to  the  removal  of  definite  secretor>'  fil>erw.  Moreover,  after  ap- 
parently complete  separation  of  the  gland  from  all  lis  extrinsic 
nerves,  not  only  does  the  secretion,  if  it  was  previously  present, 
continue  to  form,  although  less  in  (|uantity,  but  in  operations 
of  this  kind  uixin  pn^gnant  animals  the  glands  increase  in  size 
during  pregnancy  and  become  functional  after  (he  act  of  par- 
turition. This  latter  result  confirms  the  older  exjjerimentw  of 
GoUk,  Rein,  and  others,  according  to  which  section  of  all  the  nerves 
going  to  the  uterus  does  not  prevent  the  normal  effect  on  lactation 
after  deliver)'.  Regarding  (he  qneslion  of  the  existence  of  a  se- 
cret-on*  nen'c.  Haschf  reixirts  (hat  extirpation  of  the  celiac  gan- 
glion or  sccHon  of  the  s|)ermatic  nerve  doe.s  not  prevent  the 
secretion,  but  causes  the  apix'arance  of  colostrum  coriniscles. 

Exj>eriments,  therefore,  as  far  as  they  have  Ijeen  carried,  in- 
dicate that  the  glantl  is  under  the  regulating  control  of  the  cen- 
tral ner\'ous  system,  either  through  scfretor}'  or  vasomotor  ril>ers, 
but  that  it  is  essentially  an  automatic  organ.  The  bond  of  con- 
nection between  it  and  the  utenis  seems  to  l>e,  in  part  if  not  entirely, 
through  the  blood  rather  than  through  the  nervous  system.  It 
should  be  adtleil  tiiat  a  definite  connection  l>etween  the  nerve 
filers  and  the  epithelial  rolls  of  (he  gland  has  l;een  described. J 
If  this  fact  is  corrol>orate»l  it  \voul<l  amount  to  an  histological 
proof  of  the  existence  of  special  secretor>'  fil>en*,  but  the  physio- 
logical evidence  for  the  same  fact  is  un.satiafactory. 

As  was  said  in  speaking  of  the  histology  of  the  glanfl,  the  se- 

♦  "  Archives  des  wienres  bioIoKiaues,"  St.  Pete»bur|t,  3,  353,  1804. 
t  Bnwrh,  '•r>gebiii.<'^  der  Phyf*iolope,'*  vol.  ii.  part  i,  1903. 
iAm?.t€in,  "  AnatomUcher  AnzeiRer."  10.  410.  1895. 
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creting  alveoli  are  not  fully  formed  until  the  first  pregnancy.  Dur- 
ing the  i)erio(i  of  gestation  the  epithelial  cells  multiply,  the  alveoli 
are  formed,  and  after  parturition  secretion  l>egins.  As  the  liquid 
is  forraetl  it  accumulates  in  the  enlarged  galactophorous  ducta,  and 
after  the  tension  has  reached  a  certain  point  further  secretion 
is  apparently  inhibited.  If  the  ducts  are  emptied,  by  the  infant 
or  otherwise,  a  new  secretion  I>egias.  The  emptying  of  the  duets, 
in  fact»  seems  to  constitute  the  normal  physiological  stimulus  to 
the  gland-cells,  but  how  this  act  affects  the  secrethig  cells,  whether 
reflcxly  or  directly,  is  not  known. 

Composition  of  the  Milk. — The  composition  of  milk  Lh  com- 
plex and  variable.  The  imjKirtant  constituents  are  the  fats,  held 
in  emulsion  as  minute  oil  ilroplets  and  consisting  chiefly  of  olein 
and  palmitia;  casein,  a  iuu'k^>-albunun  which  clots  under  the  in- 
fluence of  rennin;  niilk-albmnin  or  lactalbumin,  a  proteid  resem- 
bling serunvalbumin  ;  lactose  or  milk-sugar;  lecithin,  cholesterin, 
phosphocamic  acid,  urea,  creatin,  citric  acid,  enzymes,  and  min- 
eral salts.  It  is  well  known  also  that  many  foreign  sut>stances — 
dnigs,  flavors,  etc. — introduced  with  the  food  are  secrete<.l  in  the 
milk.  An  average  compcvsition  is:  proteids,  1  to  2  per  cent.; 
fata,  3  to  4  jx^r  cent.;  sugar,  6  to  7  per  cent.;  salts,  O.I  to  0.2  per 
cent.  The  fact  that  casein  and  milk-sugar  do  not  exist  preformeij 
in  the  blood  is  an  argument  in  favor  of  the  view  (hat  they  are  formecJ 
by  the  secretory  metabolism  of  the  gland  cells.  The  special  com- 
position of  the  milk-fat  and  the  histological  appearance  of  the 
gland  cells  during  secretion  lead  to  the  \'iew  thai  the  fat  is  also 
constructed  within  the  gland  itself.  Bunge  has  called  attention 
to  the  fact  that  the  inorganic  salts  of  milk  differ  quantitatively 
from  those  in  the  blood-plasma  and  resemble  closely  the  propor- 
tions found  in  the  iMJtly  of  the  young  animal,  thus  indicating  an 
a^Iaptive  secretion.  This  fact  Is  jllu-strated  in  the  following  table 
giving  the  mineral  constituents  in  KM)  purls  of  ash: 

yoo«o  Pt'p.     Doas'  Milk.     Do<j»' Skik-m. 

K-0 8.5  10.7  2.4 

Na,0 8.2  6.1  62.1 

CaO...                          36.8  34.4  2.1 

MgO....                         1.6  1.5  0.5 

FcjO,-..                                      OM  0  14  0.12 

PA....                                         39  8  37,5  5  9 

CI 7.3  12.4  47.6 

On  account  of  the  use  of  cows'  milk  in  place  of  human  milkj 
the  nourishment  of  infants   much  attention   has  l)een  giveiu 
the   relative  comjwsition   and    proi>erties  of  the   two   secret!^ 
The  chief  iliffercnce  l)etween  the  two  lies  apparently  in  the  ca 
The  casein  of  human  milk  is  smaller  in  amount,  curdles  in  Ij 
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flocks  than  that  of  cows'  milk,  and  seems  to  dissolve  more  easily 
and  completely  in  gastric  juice.  The  former  also  contains  rela- 
tively more  lecithin  and  less  ash,  particularh'  the  lime  salts.  On 
the  other  hand,  cows'  milk  contains  less  sugar  and  fat.  In  using 
it,  therefore,  for  the  nutrition  of  infants  it  is  custonmn'  to  a<id 
water  and  sugar.  The  comjiosition  of  cows'  milk  is  so  well  known 
that  it  is  easy  to  modify  it  for  sj:»ecial  cases  accortling  to  the  in- 
dications. The  ndea  for  this  procedure  vnW  be  found  in  works 
upon  pediatrics. 
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The  sexual  life  of  the  male  is  longer  than  that  of  the  fenmle. 
Puberty  or  sexual  maturity  begins  somewhat  later, — in  tem- 
perate climates  at  about  the  fifteenth  year;  but  there  la  no  dis- 
tinct limitation  of  the  reproductive  piiwers  in  old  age  correspond- 
ing to  the  menopause  of  the  female.  At  the  time  of  pul)erty  and 
for  a  short  preceding  period  the  boy  grows  more  rapiilly  in  stature 
and  weight,  and  the  a.ssiimptbn  of  its  complete  functions  by  the 
testis  exerts  a  general  influence  upon  the  organism  as  a  whole. 
One  of  the  superficial  changes  at  this  period  which  is  very  evident 
is  the  alteration  in  pitch  of  the  voice.  Owing  to  the  rapid  growth 
of  the  larynx  and  the  vocal  cords  the  voice  becomes  markedly 
deej)er,  and  the  change  is  in  some  cases  sufficiently  sudden  to  cause 
the  well-known  phenomenon  of  the  breaking  of  the  voice,  llie 
neuromuscvdar  control  of  the  vocal  cords  becomes  for  a  time  un- 
certain. The  completion  of  puberty  can  not  be  determined  in  the 
boy  with  the  same  exactness  as  in  the  girl,  in  whom  menstruation 
furnishes  a  visible  sign  of  sexuai  maturity.  Much  of  the  sexual 
mechanism  may  be  functional  long  before  the  time  of  puberty, 
as  is  shown  by  the  j>resence  of  sexual  desire  and  the  possibility 
of  erection;  but  fully  developed  spermatozoa  are  not  produced 
until  this  period,  and  indee<l  the  presence  of  n]^  and  fimctional 
spermatozoa  in  the  testis  is  the  only  certain  sign  that  sexual  ma- 
turity has  been  attained,  l^iberty  consists  in  the  maturation  of 
the  testis  in  the  male,  and  of  the  ovary  in  the  female. 

The  Properties  of  the  Spermatozoa. — The  development  and 
maturation  of  the  spermatozoa  in  the  testis  has  been  followed 
successfully  by  histological  means.  The  mother-cells  of  the  sper- 
matozoa, the  spermatocytes,  give  rise  to  four  daughter-cells,  sper- 
matids, each  of  which  develoj^s  into  a  functional  spermatozoon. 
The  process  in  this  case  is  something  mure  than  mere  cell  lUvision, 
once  in  the  spermatozoa  eventually  produced  the  number  of 
chromosomes  present  in  the  nucleus — that  is,  the  head  of  the  sper- 
matozoon— are  reduced  by  one-half.  The  yjrocess  of  production 
of  the  spermatozoa  is  therefore  fpiite  analogous  to  the  nnaturatioi) 
of  the  ovum  during  the  formation  of  the  polar  bodies.  The  forma- 
tion and  maturation  of  the  spermatozoa  may  be  represented  by 
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a  schema  similar  to  that  uscil  in  the  cose  of  the  ova,  as  follows 
(Fig.  272).  In  the  case  of  the  oxiim  four  ova  are  produced,  but 
only  one  is  functional,  and  this  one,  the  rijje  egg,  is  characterized 
by  lis  large  amount  of  cytoi>lasin.  it.s  inability  to  undergo  further 
cell  divi.^ion  until  fertilized,  owing  probably  to  its  loss  of  the  cen- 
tnxsonie, — and  the  reduction  of  its  chromosoraes  to  half  the  num- 
ber characteristic  of  the  l>ody  celts  of  the  species.  In  the  case 
of  the  s|iennatozoa.  the  four  cells  prtHluced  are  all  fuitctional* 
and  are  characterized  by  the  jiractical  loss  of  cytopUisni.  reduc- 
tion of  chromosomes  by  one-half,  and  inability  to  multiply  until 
cell  material  is  furnished.  The  two  cells  supplement  each  other, 
therefore.  Their  union  restores  the  normal  numlier  of  chromo- 
sotneSr  part  of  which  are  now  maternal  and  part  paternal;  the  egg 
supplies  the  cytoplasm  and  the  si>erniatt>zoL>ii  the  centrosome, — 
the  two  necessar>'  factors  in  cell  multiplication. 

The  spermatozoa  are  produced  in  enormous  numbers.  It  is 
calculated  that  at  ejaculation  each  cubic  centimeter  of  the  liquid 
contains  from  sixty  to  seventy 
millions  of  these  cells.  The 
adult  ripe  spermatozoon  is 
characterized  a,s  an  inde|>end- 
ent  cell  by  its  grciit  motility, 
due  to  the  cilia-like  contrac- 
tions of  its  tail.  Its  fM>wer  of 
movement  or  its  vitality  is 
retained  uniier  favoralile  con- 
ilitions  for  very  long  i)eriod.s. 
The  most  striking  inst-ance  of 
this  fact  is  found  in  the  case 

of  bat«.  In  these  animals  copulation  takes  place  in  the  fall  and 
the  uterus  of  the  female  retains  the  spermatozoa  in  activity  until 
the  perioii  of  o\idation  in  the  following  sjmng.  Even  in  the  human 
being  it  is  believed  that  the  spermatozoa  may  exist  for  many  days 
in  the  uteni.s  and  Fallopian  tubes  of  the  female.  In  the  semen  that 
is  ejaculated  during  coitus  the  spermatozoa  are  mixed  with  the 
secretions  of  the  accessory  reproductive  glands,  such  as  the  seminal 
vesicles,  the  prostate  glanrl,  and  Cowj^er's  gland.  The  si)ecific  in- 
fluence of  each  of  these  secretions  is  not  entirely  understood,  but 
experiments  show  that  in  some  way  they  are  essential  to  or  aid 
greatly  in  maintaining  the  motility  of  the  spermatozoa.  Steinacht 
has  found,  for  example,  that  removal  of  the  prostate  gland  and 

*It  ifl  ail  interestinff  fact  tliat  in  ^ome  case?  fbees)  two  kintl/*  of  rtpeimfttiH.-* 
ar«  formed  by  an  unequal  divUiion  of  the  »i>ennatocyte,  and  tlie  smaller 
of  the  two  in  nljortive,  a»  in  the  caM>  of  the  polar  Uodies  of  the  e^rg. 

t  Sec  Steinach .  "  Archivf.  d.  fte!«aninite  rhvsiolojfie,"  56, 18M,aud  Walker, 
••Archiv  f.  Aimtoruie  u.  Physiologie."  1899,  p.  313. 
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seminal  vesicles  in  white  rats  prevents  successful  fertilization  of  the 
female,  although  the  ability  and  desire  to  copulate  is  not  interfered 
with.  Direct  experiments  show  that  the  secretion  of  the  prostate 
jrlantl  maintains  motility  much  more  efficiently  than  a  solution  of 
physiolopiral  saline.  It  seems  certain  that  the  secretions  of  the  mu- 
cous memi)niiic  of  the  uterus  and  Fallopian  tubes  exercise  a  similar 
favorable  influence.  Kolliker  and  others  have  investigated  the 
action  of  many  substances  upon  the  motility  of  the  spermatozoa, 
such  as  acids,  alkalies,  salts  of  various  kinds  and  in  different  con- 
centrations, sugar,  ethereal  oils,  etc.  The  union  of  8j)ermatozoon 
and  ovum  is  believed  to  take  place  usually  in  the  Fallopian  tube, 
and  under  normal  conditions  only  one  spennatozoon  penetrates 
into  the  e^^.  Tiie  remainder  of  the  infinite  number  that  may  be 
present  eventunily  perish.  The  changes  that  take  place  during 
the  process  of  fertilization  have  already  been  described  (p.  850). 
Chemistry  of  the  Spermatozoa. — Much  chemical  work  has 
been  done  upon  the  composition  of  spermatozoa,  particularly  in 
the  fishes.  The  result^;  have  lycen  most  interesting  from  a  chem- 
ical standpoint,  and  biologically  they  are  suggestive  in  that  the 
analytical  work  has  been  done  upon  the  heads  of  the  spermatozoa. 
These  heads  consist  entirely  of  nuclear  material,  and  constitute 
the  substance  which  conveys  the  hereditanr*  cliaracteristics  of  the 
father.  Whatever  progress  may  be  made  in  the  understanding 
of  the  chemistr\'  of  this  material  is  a  step  toward  the  solution  of 
the  most  difficult  and  mysterious  side  of  reproduction,  the  power 
of  liereditar\'  transmission.  Miescher  in  investigations  upon  the 
spermatozoa  of  salmon  discovered  that  the  heads  are  composed 
essentially  of  an  organic  combination  of  phosphoric  acid,  since 
designatetl  as  nucleic  acid,  united  with  a  Imsic  albuminous  body, 
protamin.  This  view  lias  been  confirmed  and  extendetl  by  later 
observers,  especially  Kossel  and  his  pupils*  The  head  of  the 
spermatozocin,  the  male  pronucleus  in  fertilization,  might  be  de- 
fined, in  the  case  of  the  fishes  at  least,  as  ''a  salt  of  an  organic 
base  and  an  organic  acid,  a  protamin-nucleic  acid  compound." 
The  term  j^rotamin  is  used  now  to  designate  a  group  of  closely 
relate*:!  substances  obtained  from  the  spermatozoa  of  difTerent 
animals.  The  special  protamin  of  each  species  is  designated  ac- 
cording to  the  zoological  name  of  that  species;  thus  the  protamin 
of  salmon  is  salmin,  of  hering  (Qupea  harengus)  clupein,  and  so  on. 
The  protamins  are  all  strong  bases;  their  aqueous  solutions  give 
an  intense  alkaline  reaction,  and  they  unite  readily  wnth  various 
acids  to  form  well-defined  salts.  They  are  albuminous  bodice, 
giving  the  biuret  reaction  readily  even  without  the  addition  of 

*  For  literature  anrJ  dctaiU  of  the  cliciiiislry  of  .spermatozoa  eec  BurijMi, 
in  "  Ergebnisse  tier  Physiologic/*  vol.  iii.  i>art  i,  1004. 
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alkali,  ami  they  are  precipitatetl  by  most  of  the  general  precipitanta 
of  proteids,  such  as  the  neutral  salts,  the  alkaloidal  rcaj^ents,  etc. 
Their  solutions,  however^  are  not  coagulated  by  heat.  The  molec- 
ular formula  for  salmin  is  given  as  Cj^^H^^N^^O^.  When  decom- 
poeed  by  the  action  of  acids  they  yield  simpler  basio  pmducta, 
the  so-called  hexon  bases  or  dianiido-acids,  and  particularly  the 
base  arginin  {CgHj.NjOj),  which  is  containeil  in  the  pmtamin  of 
the  spermatozoa  in  greater  abundance  than  in  any  other  proieid. 
The  protamine  differ  from  most  other  pn>teid  com|3<iuniis  by  their 
relative  simplicity;  they  contain  no  cystin  grouping,  therefore  no 
sulphur;  no  carlwhydrate  grouping  in  most  of  the  comiK)und8 
examined;  and  no  tyrosin  complex.  In  the  sf)ennn(ozoa  of  some 
fishes  the  protamins  are  replaced  by  more  complex  compoun<ls 
belonging  to  the  group  of  histons  which  show  properties  somewlmt 
intennediate  between  those  of  protamins  and  ortUnar>'  proleida. 
It  should  be  adde<i  that  these  albuminous  bases,  protamins,  have 
been  obtained  so  far  only  fmm  the  spermatozoa  of  the  fishes  and 
some  of  the  invertebrates.  Efforts  to  obtain  similar  compounds 
from  the  spenn  of  miimmals  have  been  so  far  unsuccessful.  The 
nucleic  acid  component  of  the  spennatozoon  resembles  the  sattie 
substance  as  obtained  from  the  nuclei  of  other  cells.  In  the 
spermatozoa  of  the  salmon  this  nucleic  acid  has  the  formula  C^^^'sr 
N,^P^O„.  On  decomposition  by  hydrolysis  it  yields  at  first  some 
of  the  purin  bases  (atlenin,  guanin),  and  on  deeper  cleavage  a 
number  of  comix)und3  including  the  pjTimidin  derivatives,  thymin, 
uracil,  and  cytosin. 

The  Act  of  Erection.— In  the  sexual  life  of  the  male  the  act  of 
erection  of  the  pemti  during  coitus  offers  a  most  striking  physical 
phenomenon.  During  this  act  the  penis  liecomes  hard  and  erect, 
owing  to  an  engi>rgcmcnt  with  blood.  The  structure  of  the  corpora 
cavernosa  anil  cr>rjnis  spongiosum  is  adapted  to  this  function,  being 
composed  of  relatively  large  spaces  inclosed  in  trate'ultr  of  connec- 
tive ami  plain  muscle  tissue, — the  so-called  erectile  tissue.  Many 
theories  have  been  projxised  to  explain  the  mechanism  of  erection, 
but  it  is  generally  agreed  that  the  work  of  Eckhard*  demonstrated 
the  essential  facts  in  the  process.  This  investigator  discovered  that 
in  the  dog  stimulation  c»f  the  ner\'i  erigentes  causes  erection.  These 
nen'ea  are  comfKised  of  autonomic  fil>ers  arising  from  the  sacral  por- 
tion of  the  spinal  cord  (see  Figs.  lt)4  and  105).  They  arise  from  the 
sacral  spinal  nerves,  first  to  third  (dog),  on  each  side  and  help  to 
form  the  pelvic  plexus,  lliey  contain  vasotlilator  fWyers  to  the  penis, 
as  well  as  to  the  rectum  and  amis,  and  also  visceromotor  fibers  to  the 
descending  colon,  rectum,  and  anna.     Eckhard,  I/>v^n,  and  others 

*  rx'klmnl,  "Deiiriige  zur  Aitittoniie  uiul  Physaologie,"  3,  123,  1803,  and 
4.  69,  1K69. 
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have  shown  that  when  these  fibers  are  stimulated  there  is  a 
dilatation  of  the  arteriole,s  in  the  erectile  tissue  of  the  penis  and  i 
greatly  augmented  b!o<xi-flow  to  the  organs.  If  the  erectile  tia 
is  cut  or  the  dorsal  vein  is  oj)ened  the  blootl-flow  under  usual  con- 
ditions is  a  slow  stream ;  but  when  the  nervus  erigens  is  stimulated 
the  outflow  is  verj'  greatly  increased;  according  to  Eckhard'al 
measurements,  eight  to  fifteen  times  more  blood  flows  out  of  the 
organ.  The  act  of  erection  Is  therefore  due  essentially  to  a  vas- 
c\ilar  dilatation  of  the  small  arteries  whereby  the  cavernous  space 
become  filled  with  blood  under  considerable  pressure.  The  cavei^l 
nous  tissues  are  distended  to  the  limits  jjermitted  by  their  tough^l 
fibrous  wall.  It  seems  probable  that  the  turgidity  of  the  organ  isl 
aided  also  by  a  partial  occlusion  of  the  venous  outflow,  which  is  . 
effected  by  a  compression  of  the  dorsal  vein  by  means  of  the 
muscle  of  Houston.  Tliis  explanation  of  the  act  of  erection,  while 
no  doubt  correct  so  far  as  it  goes,  leaves  undetermined  the  means 
by  which  the  dilatation  of  the  small  arteries  is  produced.  Vaso-a 
dilator  nerve  fibers  in  general  are  assumed  to  produce  a  dilatation 
by  inhibiting  the  peripheral  tonicity  of  the  arterial  walls.  If  this 
explanation  is  applied  to  the  case  under  consideration  it  forces  us  to 
l>eHevethat  throughout  life,  except  for  the  very  occasional  acts  of 
erection,  the  arteries  in  the  penis  are  kept  in  a  constant  condition 
of  active  tone.  Moreover,  on  this  view  we  should  expect  that 
section  of  the  vasoconstrictor  fil>ers  to  the  penis  by  abolishing  the 
tone  of  the  arteries  would  also  cause  erection.  These  constrictor 
fibers  arise  from  the  seconii  to  fifth  lumbar  spinal  nen^es,  and  reach 
the  organ  by  way  of  the  pudic  nerve  or  the  hypogastric  (pelvic) 
plexus.  No  such  resuh  of  their  section  is  reported  and  it  seems  that 
in  the  matter  of  erection  the  actual  mechani.sm  of  the  great  dilata- 
tion caused  by  the  ner\i  erigentes  still  remains  to  \>q  investigated. 
The  Reflex  Apparatus  of  Erection  and  Ejaculation. — The 
dilatation  of  the  arteries  of  the  penis  during  erection  is  normally  a 
reflex  act,  effected  through  a  center  in  the  lumbar  cord.  This  center 
may  be  acted  upon  by  impulses  descending  from  the  brain,  as 
in  the  case  of  erotic  sensations,  or  by  afferent  impulses  arising  in 
some  part  of  the  genital  tract, — from  the  testes  themselves,  from 
the  urethra  or  prostate  gland,  and  especially  from  the  glans  penis. 
Mechanical  stimulation  of  the  glans  leads  to  erection,  and  Eckhard 
showed  in  dogs  that  section  of  the  pudic  nerve  prevents  this  reflex 
from  occurring,  proving,  therefore,  that  the  sensorj'  fibers  concerned 
nm  in  the  pudic  ner\'e.  Stimulation  of  these  latter  fibers  leads  also 
to  erotic  sensations  and  eventually  to  the  completion  of  the  sexual 
orgasm.  This  latter  act  brings  alM>ut  the  forcible  ejection  of  the 
si)erm  through  the  urethra.  It  is  initiated  by  contractions  of  the 
musculature  of  thevasa  tieferentia,  ejaculatory  duct,  the  seminal 
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vesicles,  and  the  pnxstate  gland,  which  force  the  spennatozoa.  to- 
gether with  the  secit^tiona  of  the  vesicles  and  pmstate  gland,  into 
the  urethra,  whence  they  are  exi>elted  in  the  culminating  stage  of 
the  orgasm  by  the  rhythmical  contractions  of  the  ischiocaveniosus 
and  huU>ocavernosus  muscles,  together  with  the  constrictor  urethne. 
riie  immediate  center  for  this  complex  reflex  is  assumed  to  lie  in 
the  lumljar  cord,  since,  according  to  the  experiments  of  Goltz, 
mechanical  stimulation  of  the  glans  in  dogs  causes  erection  and 
seminal  emission  after  the  lumbar  cord  is  severed  from  the  rest  of 
the  central  nervous  system.  Under  ordinary'  conrlitions  the  act  is 
accompanieil  by  strong  psychical  reactions  which  indicate  that 
the  cortical  region  of  the  rerebnmi  is  involved.  It  is  interesting  in 
this  connection  to  fintl  that  electrical  stimulation  of  a  definite  re- 
gion in  the  cortex*  of  dogs  may  cause  erection  and  ejaculation. 

♦  PuMsep,   quoted   from   Hermanns    '* Jaliresbericlit    der    Phvsiologie," 
vol.  xi,  1903. 
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CHAPTER  LIV. 

HEREDITY^DETEMIINATION  OF  SEX— GROWTH  AND 

SENESCENCE. 

Heredity. — The  development  of  the  fertiHzed  oviim  offers  two 
general  phenomena  for  conftiiieration:  First,  the  mere  fact  of  mul- 
tiplication by  which  an  infinite  number  of  cells  are  produced  l)y 
successive  ceIl-tli\isions;  second,  the  fact  that  these  cells  become^ 
differentiuted  in  .structure  in  an  orderly  and  determinate  way  so  j 
to  form  an  organism  of  ilefinite  stnictiire  like  those  which  ga\'e 
origin  to  the  ovimi  an<l  the  s]')erm.itozoon.  In  other  words,  the 
fertilized  o\'um  possesses  a  proi>erl>-  which,  for  want  of  a  better 
term,  we  may  designate  as  a  form-l>uilding  power.  It  is  this  last 
peculiarity  which  is  included  under  the  term  heredity.  The  ovum 
develops  true  to  its  si.K?cies,  or,  indeed,  more  or  less  strictly  in  accord- 
ance with  the  |>eculiarities  of  structure  characteristic  of  its  parents. 
The  object  of  a  complete  theory  of  heredity  is  to  ascertain  the  me- 
chanical causes — that  is,  the  jibysicochemical  properties — resi- 
dent in  the  fertilized  ovum  which  imj>el  it  to  follow  in  each  case  a 
definite  line  of  development.  The  discussions  uix>n  this  point  ha\'e 
centered  around  two  fundamentally  different  conceptions  designated 
as  evolution  and  epigenesis. 

Evohttioti  and  Epigenesis. — The  earlier  embr^'ologists  found  a 
su|)erficial  exi)lanation  of  this  problem  in  the  view  that  in  the  germ 
celts  there  exists  a  miniature  animal  already  preformed,  and  that 
itii  development  under  the  influence  of  fertilization  consists  in  a 
process  of  gnnvth  by  means  of  which  tlie  minute  organism  is 
unfojtied,  sus  it  were.  The  process  of  development  is  a  pmcess  of 
evolution  of  a  pre-existing  structure.  Inasmuch  as  countless  in- 
dividuals develop  in  successive  generations,  it  was  assumed  also 
that  in  the  germ  cell  there  are  included  countless  miniature  organ- 
isms,— one  inc'a.*ie«b  a**  it  were,  in  the  other.  Some  of  the  embr>"- 
ologistsof  that  i)eriod  conceived  that  the  undcveloj>ed  embr>'os  are 
contained  in  the  ovum, — the  ovists, — while  others  believed  that 
they  are  present  in  the  s|)ennatoz;oon,  the  animalculLstfi.  Other 
embr>'ologists  pointed  out  that  the  fertilized  egg  shows  no  indicaticin 
of  a  preformed  structure,  and  therefore  concluded  that  development 
starts  from  an  essentially  stnictureless  cell  and  consists  in  the 
successive  formation  and  addition  of  new  parts  which  do  not  prt- 
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exist  as  such  in  the  fertilized  egg.  This  view  in  contradistinction 
to  the  evohition  theory  was  designated  as  epigenesis.  Micnjscopi- 
cal  investigation  has  demonstrated  [>eyond  all  doubt  that  the  fer- 
tilized ov^im  is  a  simple  tietl  devoid  of  any  parti*  or  organs  resem- 
bling those  of  the  adult,  and  the  evohition  theory  in  its  crude  form 
has  been  entirely  chspn»ved.  Neverthelesgi  the  controversy  l>e- 
tween  the  evolutionists  and  epigenesists  still  exists  in  mollified 
form.  For  it  is  evident  that  in  the  fertilizeil  ovinu  there  may  exist 
preformed  mechanisms  or  complexes  of  molecules  which,  while  in  no 
way  resembling  anatomically  the  sul>set]uently  ileveloped  parts  of 
the  organism,  ticverthele^ss  are  the  fountlation  stones,  to  use  a  figure 
of  s[x?ech.  u()on  which  the  character  of  the  adult  structure  dci>etids. 
Such  a  view  in  one  form  or  another  is  proliably  lield  Uy  most  bi- 
ologists, since  it  avoitis  the  well-nigh  inconceivable  didiculties  of- 
fered by  a  comf)letely  epigenetic  theory.  If  the  fertilized  ovum 
of  one  animal  i.s  in  the  begiiming  .sul>staiitially  siniilar  to  tfiat  of 
any  other  animul  the  e|)igenesist  must  ascertain  what  c»nnbination 
of  conditions  duriug  the  process  of  develoj>mcnt  causes  the  egg, 
in  a  dog,  for  instance,  to  ilevelop  always  into  a  dog,  and  more<»ver 
into  a  certain  species  of  dog  resembling  more  or  less  exactly  the 
parent  organisms.  The  infinite  difficulties  offered  to  such  a  jwint 
of  view  are  apparent  at  once.  In  this,  as  in  other  sitnilar  |>roblL'ms, 
experimental  work  is  gradually  accumulating  facts  whicli  throw 
some  light  upon  the  matter  and  may  eventually  lead  us  to  the  right 
point  of  view.  It  lias  l>een  maile  highly  probaljle  thnt  the  chro- 
matin material  in  the  nuclei  of  the  germ  cells,  the  4'hnuin>Mjjnes, 
constitute  the  physical  basis  of  here«litary  transmission.  In  the 
fertilized  egg,  it  will  l»e  rememljcred.  half  of  the  chromosomes  come 
from  the  mother  and  half  fronj  the  father,  and  there  is  gcwxl  reas<in 
for  i>elievinK  that  the  maternal  chromosomes  are  the  l>earers  of  the 
maternal  characteristics,  and  the  chromosomes  derive<l  from  the 
spermatozoon  convey  the  hereditary  peculiarities  of  the  father. 
Such  a  view,  it  will  Ije  noticed,  implies  at  once  preforme<l  structures 
in  the  chromosomes  and  constitutes  one  form  of  an  evolutionary 
hyi)othesi8.  This  view  is  further  supported  by  the  interesting  ex- 
periments of  Wilson.* 

This  author  has  shown  that  in  certain  molluscs  (Dentalium  or 
Patella)  if  a  }>ortiiiu  of  the  egg  is  cutofT,  the  remaining  portion  upon 
fertilization  devpli>jis  into  a  defe<*tive  animal  that  is  not  a  whole 
emf>r><),  but  rather  a  piece  or  fragment  of  an  enilir\'o.  Or  if  the 
fertilized  egg  after  its  first  segmentation  is  separated  artificially 
into  two  independent  cells  each  de^  clops  an  embryo,  but  neither  one 
is  completely  forme<l, — each  is  lacking  in  certain  structures  and 

*  Wilson,  ".Stienoc,"  Kehnmrv  24,  1905,  for  a  |K>piiIar  di.sous*imi;  also 
",IouniMli»f  KKi>eriiiiontal   '/,iH*\uf^;'  I,  I  aiui  IflT.  1'.M«,  ami  2,  371,  MXK5. 
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the  two  must  be  taken  together  to  constitute  an  entirely'  norm&l 

aiiimnL  My  experiments  of  lliis  kind  it  has  Ijeen  shown  that  cer- 
taiji  ilofinite  [Mjrtions  of  the  egg  are  resjionsil^Ic  for  the  formation 
of  partiriilur  organs  in  the  atlult.  If  these  p<irlion8  of  tiie  egg  are 
ivnioveil  the  organs  in  question  are  not  ileveIoi>ed.  Facttf  of  lliLs 
kind  load  to  the  evoIntionar>'  view  that  in  the  fertilized  ovum  there 
is  a  collection  of  different  materials  designated  as  formative  stvifTs 
eaeh  of  which  is  six>eifu\ — that  is.  develojxs  into  asi)ccial  stnieture. 
Many  facts  connected  with  the  regeneration  of  parts, — regeneration 
of  a  lost  leg  in  a  crab,  for  example — may  l>e  used  to  support  a  similar 
view  of  the  existence  of  specilir  formative  .stuffs  in  the  cells  of  the 
Ijody.*  Wilson  has  suggested  an  attractive  theor\*  which  .seems  to 
account  for  the  facts  known  at  present  and  forms  an  acceptable  com- 
promise between  the  extremes  of  epigenesis  and  evolution.  Acwnl- 
ing  to  him,  the  germ  (fertilized  ovum)  contains  two  elements,  one  of 
which  undergoes  a  development  that  is  essentially  epigenelir,  while 
the  otlier  contains  a  ])reforme<l  stmcture  which  controls  antl  tleter- 
mines  the  cfiurse  of  development.  The  first  is  rcpresentcti  by  the 
cytoplasm  of  the  egg,  the  secotul  by  the  chromatin  (chromosomes) 
of  the  nucleus.  The  latter  have  sj^ecific  stnicturejs,  and  under  their 
influence  the  nutritive  undifTcrtntinted  material  of  the  cytoplasm 
is  modified  to  form  sj>eciHc  formative  stuffs  differing  in  cliaracter 
m  the  deveioi>ing  ova  of  tliflerenl  animals.  Many  interesting  gen- 
eral theories  of  heredity  have  l»een  proposeii  by  I)ar%*in,  Niigeii, 
Weissmann,  Mendel,  tlalton.  Bn^oks,  and  others.  It  is  imiK>ssible 
to  give  here  an  outline  of  these  theories;  the  reiider  is  referrv'd  for 
such  information  to  special  treatises  on  the  subject. t 

Determination  of  Sex. — The  contlitions  which  leail  to  the 
detennination  of  the  sex  of  the  developing  ovum  have  attracted 
nuK'li  investigation  and  sj^eculation.  In  the  al>sence  of  precise 
data  ver}'  numerous  and  oftentimes  ver\'  jx^culiar  theories  have 
been  atlvanced.J  Such  views  as  the  following  have  been  main- 
t-ained:  that  the  sex  is  determined  by  the  ova  alone;  that  it  is 
determined  by  the  spermatozoa  alone;  that  one  side  (right  ovary 
or  testis)  contains  male  elemrnt.s.  the  other  female;  that  the  sex 
is  a  result  of  the  intera<*tion  of  the  ovum  antl  spermatozoon,  the 
most  \irile  element  prt>ducing  its  own  sex,  or  according  to  another 
I>ossibility  **the  suj)erior  |>arent  producer  the  opj>osite  sex";  that 
the  sex  ile|}ends  on  the  time  relation  of  coitus  to  menstruation. 


*  For  u  du4cuaeicHi  of  the»e  factfi  and  for  vunous^  hypotlie>e»  ^ee  Morgiui, 
"  Regeneratinii,"     New  York,  1901. 

t  Hertwijj.  "  Tlie  BiolojficHl  VnA ilcms  of  To-day,"  and  Delage» "  L'li^dit^ 
ei  les  ijrands  probl^mew  He  la  biolo»?ie  gf^n^'rale,"  1003. 

i  For  recent   acrounts  of  (he  varimb.  ilictiries  umJ  discussion  see  Mor- 

§HH,  "  Poinilar  S<ipiiro  Monthly."  Dweniiter.  HMKt;  Kcnhnssok,  **  Dit^  IVoUWttj 
er  Kesol>Wht.sl»e^tiniinenden  Vrsachen."  Hil>3. 
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fertilization  before  menstruation  favoring  male  births,  after  men- 
struation female  births;  that  it  <ip])eiHis  n]nm  the  nutritive  con- 
ditions of  the  oviim  lUjring  (icvclopment  or  of  the  maternal  parent; 
that  it  depends  upon  the  relative  ages  of  the  parents;  thnt  there 
are  j>n*f(>rmed  ni:de  iind  fenudr  ova  nnd  male  nnd  femalo  s|>er- 
matfjzoa.  ete.  What  \vp  tna\'  vnW  the  sfienlitif  sIikIv  of  the  prf»hlem 
began  with  the  coUeetion  <>f  stalistirs  of  births.  Statistics  in  Europe 
of  5,935.0(K)  births  intlicate  that  !()(»  male  t^iildren  are  born  to 
KM)  female,  and  the  data  from  other  countrie^s  show  the  :*ame 
fact  of  an  excess  of  male  children,  [examination  of  the.se  statistics 
with  reference  to  determining  conditions  led  tn  the  formulation 
of  the  s^>-caMed  Hofacker-Sadler  law  or  laws,  which  may  be  stat-ed 
as  follows:  (1)  When  the  man  is  older  than  the  woman  the  ratio 
of  male  births  is  iricrea.setl  (I  KJ  to  UHt).  (2)  When  the  parents  are 
of  etpial  age  the  ratio  of  female  births  is  increased  (1KJ.5  males  to 
KM)  females).  (3)  .When  the  woman  is  older  the  ratio  of  female 
births  is  still  further  increasetl  (88.2  to  lOCI).  These  laws  have 
been  corrol)orated  by  some  statisticians  and  cfintradicte<i  or  modi- 
fied by  others.  Floss  atleuipteil  to  show  that  i)0(»r  nutritive  con- 
ditions affecting  the  i)arent«,  especially  the  mother,  favor  the 
birth  of  boys.  Dusing  combined  these  results  In  a  sort  of  general 
compensatory  law  of  nature,  according  to  which  a  defipiency  in 
either  sex  leads,  by  a  process  of  natural  selection,  to  an  increase 
in  the  births  of  the  opjx>site  sex.  Thus,  when  males  are  few  in 
number, — as  the  result,  for  instance,  of  wars, — females  marr)'" 
later,  anil  according  to  the  Hofacker-Sadler  law  more  males  are 
produced.  When  malf*s  are  in  excess  early  marriages  are  the  nde 
and  this  condition  favors  an  excess  of  female  birth.-s.  However 
interesting  these  statistics  may  l>e,  it  is  very  evident  that  they 
do  not  touch  the  re^l  problem  of  the  cause  of  the  tietermination 
of  sex. 

Mo<lem  work  has  turned  largely  to  obsen'ations  and  direct 
experiments  uf>oii  the  lower  animals,  particularly  the  inverte- 
brates, with  the  result  that  a  ver>'  large  num!»er  of  facts  have 
been  collecte<l  of  a  most  interesting  kind,  but  ditficult  as  yet  to 
inteqiret  so  as  to  formulate  a  general  law.  The  trend  of  modem 
work,  however,  tends  to  opjwjse  an  older  view  founrled  largely 
upon  experiments  on  frogs,  liees,  and  wasps,  according  to  which 
the  sex  is  not  determined  at  or  l)efore  fertilization.  Init  is  con- 
trolled or  may  l>e  contmlle<l  by  the  conditions  of  nourishment 
rluring  development,  favorable  conditions  of  nutriment  lending 
to  the  development  (»f  female  cells  from  the  germinal  epithelium 
of  the  embr\n.  The  general  opinion  at  present  seems  to  be  that 
the  sex  of  the  embr>'o  is  determined  in  the  egg  before  fertilization 
or  at  the  time  of  fertilization.     This  view  assumes  sul».stan!ially 
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that  there  arc  male  and  female  eggs  to  l>^in  with,  and  that 
the  ilelcnninution  of  sex  resudes  in  the  maternal  organism  alone. 
Some  of  ihe  fuct^i  that  snpjMirt  this  view  with  more  or  less  con- 
chisiveness  are  as  follows:  (1)  In  certain  worms  (Dinophilus)  eggs 
of  two  sizes  are  pniduced;  the  large  eggs  on  fertilization  develop^ 
always  into  feniiilt\s,  the  ynial!  ones  into  males.  Similar  fact* 
recorded  for  other  aiiinuils  (Hydatina).  (2)  Many  sjjecies  of  in- 
vertebrates exhibit  the  phenomenon  of  parthenogenesis, — that  isJ 
the  eggs  of  the  mother  tlevelop  without  fertilization.  In  soraal 
cases  this  method  forms  the  only  means  of  reproduction^  and  the 
indixiduids  of  tlie  race  are  all  females.  Hut  in  otlier  animals  re- 
proiluction  is  eflected  either  by  }>arthenogenesis  or  by  fertihzation 
according  to  the  c<*nditions» — change  of  seasons,  etc.  Among 
these  latter  animals  it  may  be  shown,  in  some  cases  at  least,  that 
the  parthenogenetic  eggs  may  give  rise  either  to  males  or  females. — 
a  fact  which  accords  with  the  hypothesis  of  thp  existence  of  male 
and  female  eggs  in  the  mother.  (3)  In  man  twins  may  be  bom. 
These  twins  may  Ije  of  two  kinds.  First,  those  that  are  developed 
from  two  fiifTcrent  e>ggs,  each  of  which  has  its  own  chorion  and 
develops  its  own  placenta.  This  kind  may  be  designatetl  as  false i 
twins,  and  in  the  mutter  of  sex  the\'  may  be  male  and  female, 
or  both  male,  or  both  female.  The  matter  varies  a£  in  the  statis- 
tics of  births  in  general.  In  the  other  group,  however,  of  true 
twins  or  itlentical  twins,  the  two  embryos  are  develope<l  fn>m  a 
single  ovum  and  are  included  in  a  single  chorion,  In  such  cases  | 
the  sexes  of  the  t^^-ins  are  always  the  same,  they  are  both  boys 
or  both  girls.  This  fact  speaks  strongly  in  favor  of  the  view  that 
the  sex  ma.v  l>e  prerleterminetl  in  the  ovum,  which  may  Ix;  either 
male  or  female.  However,  if  we  grant  the  fundanK-ntal  fact,  so 
for  as  the  ova  are  concerned,  that  they  are  either  male  or  female 
at  the  time  of  formation  or  are  made  sf>  during  the  process  of  growth 
and  maturation,  it  is  still  logicnlly  possible  (hat  there  may  also  he 
male  and  female  s|x*rnuUozoa.  and  thai  in  the  union  of  the  two  cells 
the  sex  of  tlic  ferliliKcd  ovum  may  l)e  referable  either  to  the  ovum 
or  s|^rn^tozo6n.  It  is  not  justifiable  to  assert  that  the  paternal 
organism  is  entirely  without  influence  upon  the  sex  of  the  oflfspring* 
In  fact,  in  the  civ^  of  lioney  bees  it  is  obser\'ed  that  if  the  egg  ofl 
the  (pieen  l>ee  is  unfertilized  it  develops  into  a  male.  but.  if  fer- 
tilized, into  a  female,  thus  indicating  a  delenuiuing  influence  ujxjn 
the  part  of  the  male  element.  If,  on  the  basis  of  this  fact,  we 
assume  the  existence  of  nude  and  female  eggs  and  male  and  female 
spermatozoa  the  question  of  tlie  sex  of  the  offspring  would  seeiil'^ 
to  de|>end  ui)on  which  of  the  sex-<letermining  structures  in  the 
two  cells  predominates  after  union,  (hir  prt>blem  still  remains 
unsolved,  although  reilucetl  to  a  narrower  field  for  oljservati*>a 
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and  experiment.  It  may  l)e  stated,  in  conclusion,  that  Morgan 
advocates  a  conservative  view  according  U>  which  the  egg.  as 
far  aa  sex  is  concerned,  is  in  a  sort  of  balanced  condition  and  niay 
be  thrown  to  the  side  of  male  development  or  female  development 
according  to  the  nature  of  the  stimulus  received.  Fertilization 
by  tlie  ypcnnntozoon  preMiinubhs  on  this  view,  is  only  one  of 
a  number  of  stinuili  which  may  determine  the  ilirection  of  »ex 
ilevelopment. 

Growth  and  Senescence. — The  body  increases  rapidly  after 
birth  in  size  and  weight.  It  is  the  jxipular  itlea  that  the  rate  of 
growth  increases  up  to  maturity  and  then  decUnes  as  old  age  ail- 
vances.  As  a  matter  of  fact,  careful  examination  of  the  facts  shows 
that  the  rate  of  growth  <lecreases  from  birth  lo  old  age,  although  not 
uniformly.  At  tlie  jmi I >ertid  period  and  at  other  times  its  downward 
tendency  inuy  be  arrested  for  a  time.  Hut,  sjx^aking  generally,  the 
maximum  rate  of  growth  is  reached  some  time  during  the  intra- 
uterine jieriod,  anti  after  iiirth  the  curve  falls  steadily,  fc^enescence 
has  begun  to  apjio^r  at  the  time  we  are  born.*  Thus,  according  to 
the  statistics  of  tiuetelet,  the  average  male  child  weighs  at  birth  6^^ 
jMuniiis.  At  the  end  of  the  first  year  it  weighs  ISJ  jMunids,  a  gain  of 
12  pounds.  At  the  end  of  the  second  year  it  weighs  23  pounds,  a 
gain  of  only  4i  pounds,  and  so  on,  the  rate  of  increase  falling  rap- 
idly with  advancing  years.  The  actual  statistics  of  growth  have 
been  collected  and  tabulate<l  with  great  care  by  a  number  of  ob- 
sen'ers;  for  this  country  esjjecially  by  Jiowditch,  Porter,  ami  Heyer.f 
An  interesting  feature  of  the  ret^ortls  collected  l>y  Bowditcli  is  the 
proof  that  the  prepubertal  acceleration  of  growth  comes  earlier 
in  girls  than  in  Intya,  so  that  l>etween  the  ages  of  twelve  and  fifteen 
the  average  girl  is  heavier  and  taller  than  the  boy.  I^ater,  the  l3oy's 
growth  is  accelerated  and  his  stature  and  weight  increase  Ixsyond 
that  of  the  girl  It  appears  from  the  examinations  made  upon 
school  chihlren  by  Porter  and  by  lieyer  that  a  high  degree  of 
physical  lievelopment  is  usually  associated  with  a  corresponding 
pre-eminence  in  mental  abihty.  'J"he  signs  of  old  age  may  be  de- 
tecte<l  in  other  ways  than  l>v  observations  u]X)n  the  rate. of  growth. 
Changes  take  place  in  the  composition  of  the  tissues;  these  changes, 
at  first  scarcely  noticeable,  l>econie  ^n^dually  more  obvious  as  old 
age  advances.  The  l>ones  l>ecome  more  brittle  from  an  increase  in 
their  inorganic  salts,  tlie  cartilages  become  more  rigid  and  calca- 
reous, the  crystalline  lens  gradually  loses  its  elasticity,  the  muscles 
lose  their  vigor,  the  hairs  their  pigment,  the  nuclei  of  the  ner\'e 

•See  Minot,  '"Journal  of  Pliysioloj?}'."  12,  97. 

t  !"'ee  Bowditc'h,  '*  Report  of  State  'Board  of  Health  of  MoKsachusett'^/' 
1877.  187ft,  and  1891;  Porter,  "  Traiwactioiis,  Academy  of  Science."  fit. 
I-ouis,  1893-94:  Beyer,  "Proceedings,  Ignited  Slates  Noval  InstituU."  21, 
297,  1895. 
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cells  become  smaller,  and  so  on.     In  every  w^y  there  is  increasiiig 

evitlence,  as  the  years  grow,  that  the  metal>olism  of  the  livins;  mat- 
ter of  the  body  becomes  less  and  less  perfect;  the  power  of  the 
pmtoplasin  itself  becomes  more  and  more  limited,  and  we  may 
suppose  would  eventually  fail,  bringing  about  what  might  be  called 
a  iiatimil  death.     As  a  matter  of  fact,  death  of  the  organism  usually 
results  from  (he  failure  of  some  one  of  it-s  many  complex  mechanisma 
while  the  majority  of  the  tissues  are  still  able  to  maintain  their  exis-^ 
tence  if  supplied  with  proper  conditions  of  nourishment.     The  phys- 
iclogica!  evidence?  of  an  incre^ifiing  senescence  warrant  the  view, 
however,  that  death  is  a  neceasary  result  of  the  pro[)erties  of  living 
n7att€r  in  all  the  tissues  except  possibly  the  reproductive  elements. 
The  course  of  njetabolism  is  such  that  it  is  self-limited,  and  even  if 
perfect  conditions  were  supplied  natural  death  would  eventually 
result.     We  do  not  understanil  the  nature  of  these  limitations. — f  hat- 
is,  the  ultimate  causes  of  senescence.     Many  examples  of  unusual^ 
longevity  are  on  record,  the  most  authentic  being  prol>ably  that  of 
Thomas  Parr.     An  account  of  iiis  life  and  ihc  results  of  a  postmor- 
tem examination  by  Harvey  are  given  in  volume  iii  of  the  '*  Philo- 
so[)hicrJ  Tmnsactions  of  the  Royal  Society  of  Ix>ndon."     "  He  diedi 
after  he  hud  outlived  nine  princes,  in  the  tenth  year  of  the  tenth  of  i 
them,  at  the  age  of  one  hundred   and  fifty-two  years  and  nine 
months.'*     The  inmietliatc  cause  of  his  death  was  attributed  to  a 
change  of  food  and  airand  habits  of  life,  as  he  was  brought  from  Shrop- 
shire to  Ixindon,  "where  he  fed  high  and  drunk  plentifully  of  the  l>esl 
wines,''     With  reference  to  the  phenomenon  of  senescense  as  a  nece*- 
sar>'  attribute  of  living  matter.  Weissmann  has  called  attention  to  the 
fact  that  inasmuch  as  the  si>ecies  cuntiruics  to  exist  after  the  in- 
dividual dies,  we  must  believe  that  the  protoplasm  of  the  repn> 
ductive  elements  is  not  subject  to  natural  deatli,  but  has  a  self- 
|X'q>etuating  metaljolism  which  under  proper  conditions  makes  it 
immortal.     Weissmann*  designates  the  protoplasm  of  the  germ  cells 
as  germ-i:>lasm,  that  of  the  rest  of  the  Ixxly  as  somatoplasm,  andi 
inasmuch  as  the  former  continues  to  propagate  it,self  indefinitely 
under  prf>i>er  conditions^  while  the  latter  has  a  limited  existence,  he 
cr»nclu(ies   that  originally   protoplasm   possessed   the  propert>-  of 
potential  InimortAlity.     That  is.  l>arring  accidents,  disease,  etc.,  it 
was  capable  of  reproducing  itself  indefinitely.    He  assumes,  more- 
over, that  this  profjerty  is  exhibited  at  present  in  many  of  the  sim- 
pler forms  of  life,  such  as  the  an»eba.     Iliis  latter  phase  of  his  theory 
has  been  the  subject  of  much  interesting  investigation,t  but  con- 

*  Weissmann,  *'  I'AsaVR  upon  IJerp<lity  ami  Kimired  Biological  Vtob- 
lems":  ni«o  "(Jpnn-p!flsm"  in  the  "ContetniHtrary  Si'ieiice  Series.*' 

t  Sec  Maupa.s,  •*  Archive:*  i\e  z<»6lopc  exp^rimcntale  et  g^n6ralc/'  8, 
m/i.  IR8H:  Joukowsky.  "  Inaiijfiiral  Dis-'^ertation/'  Heidelberg,  1898;  OMtr, 
"  ITeljer  deii  rrspning  des  Trxles,"  18.H3. 
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elusive  results  have  not  been  reached.  Assuming  that  the  poten- 
tial immortality  e\liihtted  hv  the  I'cproKluctive  cells  was  originally  a 
genentl  property  of  protopliisni,  Wels.sinuii  conceiveH  tliat  the  phe- 
nomenon of  senescence  and  death  exhibited  by  other  cells,  somato- 
plasm, is  a  secondary  property,  whicli  was  acquired  as  a  result  of 
variation  and  was  preserved  by  natural  selection  l)ecause  it  is  an 
advantage  in  the  propagation  of  the  s|)ecies.  An  actual  immor- 
tality of  the  entire  organism, — that  is,  the  property  of  indefinite 
existence  except  as  death  might  l>e  causcil  by  accidental  occur- 
rences of  various  kinds— would  be  a  disadvantage  in  nmtiy  ways. 
The  vast  increase  in  the  nunil>er  of  individuals  might  exceeti  the 
capacity  of  nature  to  provide  for.  the  retention  of  the  maimed  and 
imperfect  would  make  many  useless  mouths  to  fee<l.  and  perlmjis 
the  evolution  of  higher  an<l  more  perfect  forms  by  the  slow  action 
of  variation  and  natural  selection  woukl  be  retarded.  From  this 
point  of  view  senility  and  natural  death  constitute  a  beneficial 
adaptation,  acfjuired  Jjecause  of  its  utility  to  the  race,  on  the  one 
hand,  and,  on  the  other,  because,  after  the  l>eginning  of  a  differen- 
tiation in  function  among  the  cells,  the  possession  of  immortality 
by  all  the  cells  was  no  longer  of  any  value  to  the  race,  and  therefore 
was  not  brought  under  tlie  preserNnng  influence  of  natural  selection. 
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PROTEIDS  AND  THEIR  CLASSIFICAnON. 

Deftnition  aod  General  Structure.— Proteids  or  albuniiiis  are  complex 
organic  coiiifKiwrul?  ectntaining  nitn>gen  which,  although  differing  znucli  in 
their  cma|jcisiLii>ii,  htv  ri-lati'd  in  Iheir  pmpRrlirs.  They  are  formed  by 
liviiiK  uialter  and  oi-cur  in  the  ti&saes  and  li<)uitLs  of  plants  and  onimais, 
of  which  (hey  fonn  th(*  nutnl  characteristic  c^iustituent.  On  ultimate  anuly- 
»\»  they  iirv  hU  fnniiKl  Xu  contain  carUm,  hydmgcn,  oxygen,  and  nitroEcn; 
most  of  them  contain  alt^o  sfinie  sulpJiur,  and  some,  in  addition.  pho5phor\i? 
or  iron.  As  a^^nally  olilaiiied.  they  leave  aUo  some  ash  when  iociiieratcd. 
showing  that  they  hold  in  conihinatinn  some  inorganic  salt-**.  Percentwge 
analyses  of  the  mo8t  comnnni  nrtjleids  of  the  tx»ay  show  that  the  aJMve 
named  consiituenta  occur  in  the  following  proportions: 

CftHwii    50     to  55     per  cent. 

Hvtirogen 6.5to    7.3   " 

Nitrogen  ..15     to  17.0   "        ** 

(Kvgen  n\     to  24       "        •' 

Sulphur l).3to    2.4   "        " 

The  clearest  insight  into  the  -strurture  of  I  hi*  proteid  molecule  lia^*  L>een 
obtained  by  a  study  of  its  decomixwition  prcxluclH.  When  submitted  to  iht? 
action  of  proteolytic  enzymes,  or  putrefaction,  or  acids  at  high  temperature*, 
the  large  molecules  split  into  a  numlier  of  simpler  liodies  in  conse<)uence  of 
hvdrolytic  cleavage.  Th*»se  end-productw  are  very  numerous,  and,  whilf 
ifiey  ililTcr  .somewhat  for  the  different  proteids,  yet  a  number  of  them  *rr 
tho  same  for  all  proteitlft.  The  givat  variety  in  the  end-productt?  i*  an  in- 
diention  of  the  complexity  of  the  molecule,  while  their  ftimilarity  is  prrMii" 
that  th<T  various  pn>teidK  are  all  built,  so  to  «peak.  iiix>n  a  wimilar  plan  by  the 
union  of  certain  grrjupings  which  may  be  more  numerous  in  one  prrjtcid  than 
another.  This  faei  becomes  evident  from  a  brief  conssideraiion  of  the  prod- 
ucts ohtairuvl  by  hvdrolytic  cleavage  with  acids.  The  groupings  represented 
by  the  following  c<jm(K>undH  may  be  exipposed  to  exist  preiormed  in  proteid 
moleculesi,  «ome  rK>issibly  containing  them  all.  i»ome  only  a  portion  of  the 
list,  while  the  difTerent  groups  vary  in  their  proportional  amoiuits  in  the 
various  proteids: 

1.  Amido-acetie  acid  (glycocoU). 

2.  Amidoprofnonic  acid  (alanin). 

3.  Amidovulerianic  acid. 

4.  AniidrK'ai»roic  acid  (leticin). 
6.  AmiiloHUrt  iuic  atid  (aspartic  acii.l). 

6.  Amidoglutaric  acid  (glutamlnic  acid). 

7.  Phenylami<lapropinnio  acid  ((jhenylalanin). 

8.  Oxyphenylamidopropionic  ari<|  (tyrosin). 

9.  Skfltolamido-acetic  acid  (tryptopliaiO. 
10.  riuanitlinamidovalerinnic  acid  (^arginin). 
11     Dianiidoraproir  acid  (lysin). 

12.  IlLstiilin  (amidomeihyNiihytlropjTimidin-rarbonic  acid). 

13.  Amido-oxypro[>ionic  acid  (-jerin). 

14.  Amidothiolactic  acid  (i-ystein  or  cystin). 

15.  a-pyrrollidin-carbonic  acid. 

16.  Oxy-fi-pvrrollidin-earbo!tic  acid. 
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Tlie^  !*pUt  prn<Jurt»  are  all  amido-artilK,  some  ot  them  belonging  to  the 
fatly  aciti  (alipliatic)  series  of  carlxm  coiiiiwurHls,  some  in  the  aroinatir 
(carUM'yclic)  >erie.H,  nn<l  myuie  to  the  heterocydit-  (jiyrrctl,  iiulol)  series.  In 
what  may  Ijc  coiir*iilercil  the  simple^  proteifis  ocinirriiig  in  nature, — namely, 
the  protainins  foutitl  in  the  s|>enimtozfia,  (nily  frtim  four  to  six  (if  theM?  KroU|»s 
occur,  while  m  some  of  ihe  more  familiar  proteids.  such  as  *ieruni-alT)umin 
or  caaein,  a  much  lar^r  number  Is  found.     The  a-anu(io-ari(b  of  which  these 

H 


enil-prociucta  consist  &U  contain  the  groupiitg 


^i 


•  XH,,  and   Fischer  has 


coon 

ahnwTi  that  Huch  li<>iUc>  p<>L-ess  tlie  pro|>crtv  of  (ontlMnin^  with  one  another 
to  make  ('omi)le\  molet-ules  <ont!iiiiing  Ivvo.  thrtr.  nr  rnntie  pmupf*  of  nniido- 
acid-*.  The  fomliinaf.ion  lakft*  place  with  the  elimimition  of  water  fnrine<I 
bv  the  union  of  the  <>FI  of  (he  rurboxyl  {C'OOII)  groui>  in  <me  mid  ami  the 
ri  of  theamitlo  (NH,)  prnu]»  iti  another.  Thus,  two  »ni(e<idei*  of  aniido-a<*ettc 
acid  (gly(*oeotl)  may  be  iiuide  to  unite  to  fonti  a  eompouiid,  glycylglycin,  as 
follows : 


XH^H^<X)H  +  \H,CH,COOH  — H,0=:  NH/:H|CONHCH^O(JH. 

Glycoooll.  Ulycocotl.  Ulycylglycin. 

Coiii|Miimds  of  this  kind  nre  de;^iKiiat.eil  by  Fischer  an  jioptitts.  Wlien  forrue^l 
from  the  iinior^  nf  two  aiiiido-aciiLs  they  are  known  il-j  di[)eptids.  from  Itiree 
as  iri)>eprids,  vie  The  more  roiuplicateil  coniivoumU  of  lluH  sort,  the  |M>ly- 
|ieptid^.  l^c^iti  Uj  >how  reactions  Mmilar  to  tho>e  of  the  proteitlM.  Sonie  of 
them  eive  the  biuret,  reaction,  some  are  aeleil  upon  auil  spUt  by  proteoKlie 
enzyniBpi.  It  ^eniM  ju.^tiHublt',  tlierefore,  to  roii.-idcr  i>roteid.s  a**  essentially 
|x)lv!«ptid  compounds  of  greater  or  less  rornplexity, — that  is,  they  are  aeiif- 
aniids  formed  by  the  union  of  a  nuint)er  of  /i-amiih^acid  eonipoun<ls.  This 
conception  of  the  structure  of  the  proteid  niolemle  explains  a  number  of 
their  (feneral  rhanirteri-tirs.  —  for  instance:  (1)  The  fa<'i  that  they  are  all 
de>'om|Ki<ed  an<i  yield  similar  products  tnidor  the  iiiMuenre  of  ]*roteulvlic 
enzymes  i^r  Uiilin^  dilute  atiid.  {2)  'Hie  fact  thnt  the  proteids  :ire  all  KtJ 
alike  in  their  (jeneral  pri»(>erties  in  spite  of  the  great  differences  in  the  f<wn- 

Iilexity  of  their  molecular  structure.  (3)  The  fact  that  they  show  both 
msie  and  ai'id  cliarafters.  (4)  Tlie  fact  that  they  all  give  tlie  biuret  reac- 
tion* (see  l)elow). 

Ill  aihiitinn  to  the  amido-aeids  some  proteids — egn-albutnin.  for  example 
— yield  a  rarl»oiiiydratc  bocty  u(>oii  decomposition.  The  enrlwhydrate  ol»- 
tained  is  an  amidtt-suj^ar  coTUftound,  usually  plurosamin,  t^HuNO-.  It  w 
detected  by  its  reilacinji  ai-tinn  and  by  the  fonnation  of  an  osaxone.  It  .seem* 
probable,  therefore,  that  some  of  the  protei«Ls  at  lea-rt  contahi  such  a  group- 
mg  a-*  part  of  the  molecidar  ('oaii]>le\,  but  at  present  it  Is  undetennined  how 
nmnv  i»ossess  tliis  j>ecuUarily  af  stnirture. 

General  Reactions  of  the  Proteids. — It  is  evident  frnrn  what  Iuls  Iteeti 
saiil  in  the  prec&lioi:  paniiiniph  that  ]iroteids  may  give  different  reactioni* 
according  to  the  kinds  of  groupings  containetl  in  the  mnleenle.  The  reac- 
tions common  to  all  ]>rnteiils  an?  fpw  in  nund>er,  the  most  i*ertain  |ieriuips 
Vicing  the  biuret  reaction,  the  hydndysi.n  by  ]>r«)teolytic  enzymes  or  putre- 
factive organisnis,  and  the  luiture  of  the  split  pn^ifurts  fonned  bv  these  latter 
hydrolyses  or  by  the  action  of  UiilinK  dihite  acitls.  A  very  farge  mnnlier 
of  reactions,  however,  have  l»pen  dorril^e*!  wluch  hold  for  twime  or  all  tif 
the  ]>roteids  usually  found  in  the  tissues  and  lic|uids  of  the  hotly.  'n»e?« 
reactions  may  l>e describetl  under  two  head;*:  (I)  precipitation  of  the  proteid 
when  in  sohition;  (2)  color  reactions. 

♦  For  further  details  see  Cohnheini,  *'Cheniie  der  liiwei»»kOr|»er,"  M*(*ond 
«ilition,   IfKM:    or  Hammarsien,  "Physiological  Cheniititry/'  tnuiiElated  by 

Manflel,  fourth  edition.  New  York,  IWM. 
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L  PrrripiJafU*. — For  one  or  another  proteid  the  following  reagents  c&iue 
preci|>itat.iori: 

1.  The  atltlilion  of  aii  exoesx  of  alcohol, 

2.  lioiHii^  (heat  rnaglllatiou). 

3.  The  a<lcJiti<>n  of  laineral  aritLs. — r.  jf.,  nitric  at'iil. 
i.  The  siilUs  of  the  heavy  nietAli., — e.  y.,  ucet^ie  of  lead,  copper  <m I* 

phate,  etc. 

5.  Atltlitinii  of  neutral  Halts  of  the  alkalies  to  a  greater  or  le:S8  degree 
of  coiireiiiruliiui, — r.  <;.,  soiUuiii  chloriil,  aniinouium  sulphate. 

6.  Ferrwyani*!  *>f  |H>tas.siiiin  after  previous  aciitification  by  aretio  arid 

7.  Tannir  arid  after  previous  aciditirution  hy  acetic  acid. 

8.  rhnsphotunik'Nlir  or  phospliomolylxlic  acid  in  the  presence  of  free 
mineral  acids. 

9.  lodiu  iu  .solution  in   potassium   imlid,  after  previous  acidification 
with  a  miueral  acid. 

10.  Picric  uc'id  in  solutions  acidified  by  organic  acids. 

11.  Trichloracetic  acid. 
This  list  might  be  extended  frtill  further,  but  it  coinprise^  the  preci 

tating  reagents  that  are  ordinarily  used.     Scune  of  thent.  f«uticularly  N 
7,  s,  anil  9,  give  reactions  in  t^oluiions  containing  excessively  minute  tmces 
of  proteid. 

12.  Precipitins.  In  this  connection  a  brief  reference  may  be  made  t 
tlie  interesting  group  of  bcNlies  known  a-s  precipitins.  As  statetl 
on  p.  387,  the  aniniu]  organi.-im  !ia.s  the  power,  when  foreign  cell? 
arc  injected  into  it,  of  forming  anii-lMxhes  by  a  specific  bi<doi:ifal 
reaction.  It  has  been  discovered  that  anti-bodies,  or  ii>  iliev 
arc  called  in  thi.s  ca^,  precipitin.s,  may  be  produced  in  the 
same  way  if  proteid  solutions  or  solutioii^  of  animal  tissue  arc  in- 
jected into  the  circuhition.  'Ilius,  if  cows'  n»ilk  l>e  injectfnl  under 
the  skiti  of  a  rabbit  there  will  Ite  prothiccd  within  the  rabbit'* 
blood  H  i>recinitin  whirh  is  ca|>able  of  precipitating  the  canein  of 
cows*  milk,  ft!tli<iugh  it  may  have  no  action  on  the  milk  of  other 
animal'i.  In  the  sjimc  way  any  given  foreign  proieid,  when  injected 
tmder  the  skin  of  an  ariiinal.  may  catise  the  [>ro<lurtion  of  a  pre- 
cipitin capable  of  precipitating  that  particular  proteid  fn»m  it^ 
folution.-^,  The  precipitin  is  not  al>solut.ely  si>ecific  for  the  pn»ieid 
u.^etl  to  produce  it,  but  nearly  !*o.  If  a  rabbit  is  inunuidxed  with 
luiman  bhxMl  a  precipitin  is  profluccii  in  the  animal'*!  blood 
which  cause-*  a  precipitate  when  mi\eil  with  hmimn  blooil  nr 
wittt  that  of  8ome  of  the  higher  nmnkc>'s,  but  gives*  no  reaction 
with  the  liIiKid  of  f>iher  mammals.  The  reacti(m  may  t»e  Ur«<1, 
therefore,  it»  a  measure  to  test  the  blo^id-relationwhip  of  ilifTerent 
animals.*  It  has  l)een  suggested  that  the  reaction  may  aUo  he 
of  practical  iinfmrtance  in  medicolegal  ca.ses,  in  tietermining  whether 
a  given  blood-stain  i.**  or  i.s  not  humnn  bloo*!.  Kor  such  a  pur- 
pose a  human  antiserum  is  first  prtHluceii  by  injecting  human 
s*ennn  into  a  rabliit.  The  senmi  of  tlie  rabbit  is  then  mixed  wjih 
an  extract  of  the  suspected  blood-stain  ma<le  with  8alt  tKjIution: 
if  a  precipitate  forms  it  proves  that  the  bUntd  stain  is  human  1»Umh1 
provided  the  |H>ssibility  of  it.«?  being  monkey's  bhx)d  iH  exclndwl 
Concerning  the  nature  of  the  nrecipitin-j.  little  iw  known.  Tliev' 
comlrine  quantitatively  with  the  proteid  precipitated  and  they 
are  inactivated  (hematosera)  l>y  a  temt*erature  of  "O**  C.  'lliftr 
rea<-tions  are  not  ^ufliciently  sf)ecitic  to  («  u.'jed  an  a  meaiu^  of  de- 
tecting or  <li.-<tinguishing  closely  relate*!  proteids. 

//.    Thr  (\ilor  Urarliims  nf  PrtttritU. 

1.  The  biuret  reaction.     The  proteid  stolution  is  made  strongly  alkaline 
with  caiLstie  soda  or  pota.sh  and  a  few  drops  of  a  dilute  sohUioii  of 

♦For  manv  intere<rtingexperiment,K.  luul  the  literature  ^eeNuttall, 
Immunity  an*!  Relationship."     Cambridge,  I'.XM. 
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co|»i>er  sulphaic  are  added  rarefiilly  »k>  ad  to  avoid  an  excess.  A 
purplft  (H)Ior  is  rihtnine^l.  Some  prot^id^  (|)cpU)n&s)  ^ive  a  re*i 
purxfle.  otheis  a  Uue  purpie.  If  t«nly  a  UUie  culor,  without  any 
mixture  of  red.  i>  oWtaiiie«J,  no  proteiil  i>  pre>em.  At  present 
tUi-^  renrtioa   givps  the  l»est  single   test   for   proieid.      It  ohtauiK 

its  nume  from  tliu  ftut  tliat  it  is  j^ven  by  Kiiiret  UN    -('ovi/*^ 

comjMjund  that  nmy  l>e  fonned  by  hejitinjc  urea.  Two  nifilecuies 
of  urea  give  off  a  tiiolerule  of  amnionin  and  fonn  biuret. 

2.  The  Millon   reaction.     Tbe  proteid  sohition  U  l>oile<l  with   Millon's 

peapent.  The  .•solution  or  the  precipitate,  if  one  i«  foniie<l,  takes 
on  a  retidish  i-ohir,  whicli  varies  in  intensity  with  difTerent  pmteid.**. 
Millon's  rt^iiKcnt  consists  of  a  solution  of  merrurir  nitrate  in  nitric 
acid  rontaininir  >.nrne  nien'tinuis  nitrate.  Thi.s  reartion  is  snj>|«Ne*i 
to  l>o  pivon  by  tlic  tyrosin  Rrouping  in  the  nrot-eid  nioie<'Ule,  and 
faiLs,  therefore,  witli  iIioms  protenln  in  which  tynwin  Ls  not 
present. 

3.  The   xanth(tprotcir   reaction.     Nitric   acid    in*  ajldetl   to   ntronp  acid 

rexirtion  and  (ho  M>hitiiMi  is  then  boiled.  After  cmtlinf!;  atninonia 
i.s  aiidetl.  The  liuurionia  causes  the  development  of  a  dee|>-yeUow 
color  if  proteid  is  preHciit,  Thin  reaction  is  supposed  to  1^  due 
U>  the  prt^^eiicc  in  I  he  iimlecule  of  the  groupings  belonging  to  the 
arcinvatic  series. 

4.  Acfainl^iew'icz's  reaction.     A  mixture  Is  made  of  one  volume  of  ron* 

centrated  sulphuric  and  two  volumes  of  glacial  acetic  acid;  if  the 
prnteid  snlution  is  luldeU  t<i  this  njivlure  and  wanned  a  re^ldlsh- 
violet  rolor  is  obtained.  Accordion  to  Hopkins  ami  Cole,  the  re- 
action dc]>eiiiU  ii|H(n  the  prp->etice  of  plyoxylic  acid  in  the  acetic 
acid.  Thi>  renctum  spejiis  to  lie  due  to  the  tryploplian  grouping 
in  the  proteitl  niolecide. 

6.  Liel»ennann's  reaction.     Dry  prnteid  pnrifietl  with  alcohol  and  ether 

gives  a  blue  color  npon  Iniiling  with  .^ironi;  hydrochloric  acid. 
C  Tlie  \eiu\  snlpiud  reartion.  The  proteitl  solution  is  Ijoiled  with  a 
}«oUitioii  ijf  11  lead  -^nlt  made  stnni^K' alkaline  wiih  Mwla  or  puta-*!!. 
A  bituk  precipitate  or  bl.tck  or  bmwii  <'ol(»ration  rt»-sult*  according 
to  the  amount  of  |iritiei"t.  The  color  is  iiue  to  the  splitting  off  of 
sulptuir  and  fonitntinn  tif  lead  sulpliid.  It  is  given,  therefore,  by 
the  snlphnr-cont:iining  i;rou|>s  in  tlie  proteid  molecule. 

7.  Tlie  Miilisch  reactinn,      A  few  droi>s  of  an   alcoholic   solution  of   a- 

naplitfitit  are  addt^l  to  tbe  protenl  ."(ohition  and  then  strong  stil- 
phnric  acid.  A  violet  color  Ls  ohtaine<l.  This  reaction  is  given 
ty  the  1-iirbohvdrate  gron[>ing  in  t>ie  pnHeid  molecule.  Tbe  strong 
aci<l  fonns  furiurol  Troni  this  group,  which  then  react**  with  the  naph- 
thol.  The  reaction  is  not  given  Ijy  those  proteids  that  ilo  not  con- 
tain :i  cnrbohyilnvte  group. 

Classification  of  the  Proteids. — No  cUasification  of  the  proteids  has 
\yeen  pro(K>ied  which  is  entirely  satis-factor>'.  Kventually  a  classification 
will  l>e  ohtftitieii  ba.se»)  uixm  the  chemical  Htructure  of  the  various  prnteid'^, 
but  our  knowledge  at  pn^efit  is  much  too  incomplete  for  this  pur|Hisc.  We 
must  be  content  with  a  less  sjitisfactory  ."iyrtem  ha.^^l  uixin  entnirical  reac- 
tions which  have  gntthially  lieen  recognize<l  in  the  course  of  (ibysiological 
investigations. 

Albumins^. 
<dnbuUns. 

.Vlbmrdnates  or  deriveil  albumins. 
Xiii-le<wdbumins  (pho^plioprotoids). 
l*roteoseii  and  |»eptones. 
llistons. 
]*rolaminH. 
^Coagulated  proteitl*. 
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iChn>tTKit>roteids  (hemoglobin.  Iiemocyanin,  etc). 
<  Jhioopnileitis. 
Nmleopruteida. 
I  Keratin. 
III.    Alhimiinoids  (prf>-    >  Klasiiii. 

tcitl-likc  InxJio)      ^  Collagen   (gelatin). 

The  Albumins. —  In  aHHiiion  tn  the  alhimiins  found  in  the  rellulur  ti^ 
sues,  the  tell  all)uiiuus,  the  crmspiouous  cxunxples  of  this  group  are  seniin- 
albuinin,  iiiilk-jillnimin  (lacliilhuiuin),  and  egg-albumin  (ovalhuuiin).     Theyl 
are  characterized  (l-^  a  class  by  the  fact  thai  tliey  are  rougulable  by  lieal  in 
£>()luti(>tiK  with  a  neutral  or  utitl  reaction,  and  are  noluble  in  water  free  frotQl 
sidls.     In  accordaiu-e  with  the  latter  pari  of  this  definiiion  they  are  iiiiil 
prei'iiMlated   by  dialyt*i.s.     They  are   preciiiitatet!  from   their  sobition*  withf 
niore  iliHii'uUy  by  saturation  with  neutral  j^alts,  aninioniuin  sulphate,  liianl 
the  globuhns  with  whicii  tliey  are  usually  ass*;»riated.     Kmpirically  as  re-J 
gards  the  lirjuids  of  the  b^wly  it  ix  .staled  tlial   they  reqviire  more  than   lialfl 
satunilinn  with  unniioiiiurri  sulpluiie  for  precipitation  (j«ec  section  on  IthMMb. 
AU  tliree  albninins  referred  to  here  may  be  obtained  in  cr\>tuUized  fonn. 
They  arc  ru^t  i>re<ipilated  i>y  sjitnration  witli  sotUuui  chlorid  or  nia^esium 
ftulphate  uidt^s  the  soUiti(tii  is  uinde  acid.     Tliey  are  rich  in  i^ulphur,  con- 
taining' from   I  i>  to  2.2  per  rent. 

The  Globulins.-- t'n>teids  l»el(uiging  tn  tliis  group  are  found  in  the  ceil 
tissues  together  wiili  albmnins.  The  fonns  that  have  l>een  moet  stuiJied 
are  sernm-pliitmiiii  (piirajrldbuhn)  and  filiriiiogeii  (blocjd,  lymph,  and  tr:in«.uH 
data),  niilk-gliibniiii  (lactogloludiii).  and  e^^g-globulin.  An  contni.<tetl  with" 
the  albuiuins.  they  are  ((Higuhtble  by  lieat,  l)Ut  nrv  not  soluble  in  water  free 
from  .salt.**.  In  cousccjuence  of  tiiis  last  pro|^rty  they  are  precipitalefl  by 
dialysis.  This  reaction  is  not  distinctive,  however,  as  the  prpci|titation  is 
not  complete.  Some  <tf  the  so-calle<i  globtilin  remains  ui  solution  after  ilie 
s«lts  have  l>eeii  reniovctl  as  completely  iis  fKirs-il>le  \fy  diaK>is.  They  nro_ 
also  [^recipitateil  purtially  fmui  their  dilute  >olutiou>  by  the  addition 
weak  acids  or  by  a  >trejim  of  carlx»n  dioxid  Practically  they  are  isolated 
fmin  accompanying  idliumins  by  precipitation  with  neutral  salU*<  In  neu- 
tral solutions  the  globnlins  are  completely  jtrecipitated  by  saturation  with 
magnesium  sul))luite  or  half  saturation  with  ammonium  sulphate,  (n  the 
blooil  several  iliSTerent  fonna  of  globulin  are  disting\nsheil  by  the  tlegree  of 
BUluration  with  ammonium  sidphate  nece?5san,'  for  their  pre<*ipitation  {s€ 
Hloo<l),  The  separations  made  by  this  methfHl  are  not,  however,  i-atist'fl 
t<»r>*.  Nor,  iudeeil,  is  the  sepjimtion  between  globulins  and  albun»ins  alto-' 
gether  satisfactory.  It  wouhl  seem  thai  these  proields  are  s*»  closely  related 
that  distinctive  reactioiis  are  cliHimll  to  obtain  on  acc<iunt  of  the  existence 
of  forms  iniernH'cllate  l>etween  the  extremes  that  are  used  a.*^  t\i>esi. 

Albuminates  or  Derived  Albumins. — Since  the  albumins  and  globulins 
i>crnr  normally  in  the  tissues  and  liouids  of  the  IwKiy,  thev  are  frinpieiilly 
designated  as  the  native  pmteitLs.  Tho  albuminates,  on  tlie  conl^ftr^.  are 
deri\ed  frtjui  these  native  proteids  by  the  action  of  strong  acids  or  n|LaIiea,J 
We  distingtiish,  therefore,  acid  and  alkali  albuminates.  They  are  nearly 
insoluble  in  water  nr  in  wutcr  containing  small  amounts  of  neutral  hjiUs. ' 
They  are  rea<iily  soluble  in  dilute  aciii  or  alkaline  solutions;  are  not  jire- 
cipitated  by  heat,  Init  are  precii>itated  readily  uijon  neutralization. 

Rucleo-albtunins  (Phosphoproteids). — This  name  may  lje  at>plie 
to  u  grnup  of  native  pruteids  which  are  chanicterized  by  containing  phns^-l 
phoniK,  su<'h  a**  casein  of  milk,  vitellin  from  the  yolk  of  the  egg.  and  va- 
rious similar  proteiils  fnund  in  the  cvtopWrn  nf  the  celhilar  elements.  They 
are  often  rla-tsed  with  or  confounded  with  the  uiicle^jproteiiLs  (or  nuclct>- 
albumins)  found  in  the  nuclei  of  the  cells.  These  latter  t)elong  to  il»e  com- 
pound proteids  and  on  dectmiposition  jield  nu<'leic  aci<l  or  it«  split  pro^lucts. 
the  purin  lut-ies,  etc.,  wherea-  the  ijroup  now  under  consideratimi  gives 
such  result,  yielding  on  decompo-sjiion  so-called  pseudonucleui  or  puranurlein,^ 
which  u  not  a  nudeiu   at  all,   but  a  |>ho8phorus-contaiimig  proteid  IhkIv. 
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It  is  very  ile^iraWe  to  selwl  fur  tfieiii  auotlier  natne  tlian  iiucleo-albumiti, 
since  they  contain  no  nudeiiu  Cuhnlieim  sup^Ls  tlie  name  of  ])ha-piio- 
globuUn.^  or  phosphoproteiiU.  In  ndtiitinn  to  fiho^ptxirus  these  pnjtcids 
usually  contain  some  iron.  Imt  the  sniouiit  is  wo  -^mall  that  it  can  scarcely 
l>e  pre:«nt  a**  a  constituent  ^lart  of  flic  nioletulc.  It  >eenis  more  prohabfe 
that  it  is  an  inipuriiy.  Ca^eni  contains  from  OS  to  0.9  i>er  cent.  t)f  pho*- 
phoru-s;  vitellin,  1.31  [>er  cent,  of  phosphoms  aiui  utily  12  i>er  cent,  of  nitrt>- 
gen.  Thetie  proteiil.-  fiave  acid  nro|>erti&<.  They  are  not  soluble  in  water, 
but  are  ver>'  readily  soluble  in  dilute  alkalies  Their  solutions  are  not  coagu- 
Ute<l  by  heat.  They  show  the  usual  ])r(»lcid  reactions  and  give  the  ordi- 
nary' en d- pro*  1  lifts  of  hvdrolytic  cleavaco  uimhi  digestion  with  proteolytic 
enzymes  or  iKiilinp  \vith  dilnte  acid.  In  the  <'asein  it  has  Ikwu  shown 
satisfactorily  that  no  carlwhydrate  grouping  is  i)re>etit  in  the  nu^!ecult^ 

Proteoses  and  Peptones. — These  names  are  given  to  the  huennediate 
proteids  fonnetl  in  the  process  of  digestion  by  the  jjroleolytic  onzvnies.  They 
inav  also  Ijc  oittuine*!  by  the  hydrolytic  action  of  acids  or  aUvalles  or  by  tho 
action  of  putrefactive  orgajiisms.  If  further  liydrolvzed  they  s|)lit  into  riomc 
of  the  amido-acids  already  referred  to  as  constituting  the  end-pnMluct«  of 
proteid  hydroly.sLs.  Sin  re  they  arc  obtained  mast  readily  in  |»eptic  and 
trypiic  digestion,  they  have  I>eeri  '■upnosed  to  be  esjieclully  in»|X>nnnt  in 
tlie  al>Kor]>tinn  of  the  jiroteid  hnwls.  I  hey  consi.st  of  snudler  and  more  sol- 
uble molecule^  than  (Ihinc  of  the  proteiiLs  from  which  they  are  derivcti. 
Many  difTerent  kinds  of  pntteoses  have  l>een  descriljed,  but  it  is  (Uflicuk  to 
flfvtign  abs<ilutely  distinctive  clmracteri-stirs  to  the.s*»  cumpounds.  since  ihey 
{oru\  a  series  of  products  intennoliate  l)etween  the  original  proteid  and  the 
stage  of  iJeiitones.  The  so-culled  iM?ptone?^  are  clianicterized  by  their  .solu- 
bility an*!  tlie  facts  that  they  are  not  coagulateil  by  heat  and  are  not  pre- 
cipitated by  complete  saturation  with  afiinioniuni  sulphate.  They  give  the 
biuret  (red)  reaction  as  well  as  the  xanthoproteic  and  MillonV  reaction,  but 
are  not  precipitated  by  the  uiineral  acids,  trichloracetic  acid,  picric  acid, 
acetic  acid  ami  |n>titssiuni  ferrocyanid^  etc.  Tliey  are  precipitateil  by  pho**- 
photungsiic  or  uhosphomolybilic  acid.  The  [>rot«oe*e»  in  general  are  di**- 
tinguisheti  by  ine  following  reartiorn:  Tliey  are  not  coagulated  by  heat: 
they  are  precipitated  from  their  .solutionis  by  the  addition  of  acetic  acid  and 
potassium  ferriK'yanid;  they  are  precipilutetl  by  nitric  acid  and  this  prc<-ii>- 
itate  tlissolves  on  wanning  and  reupiiears  on  cooling:  they  are  precipitated 
by  saturation  witii  armnoniuin  .sulphate  and  l)V  all  the  so-<>alled  alkaloidal 
reagents, — namely^  pho^sphotungstic  acid,  tricnlorat-etic  acitb  picric  m*id, 
tannic  acid,  etc  The  prf>teoseis  fonn  a  group  tlie  mcmliers  of  which  are 
variouitly  named.  It  is  (Mtstonuirj'  t-o  sj^ak  of  the  [primary  pntteoses  (pro- 
toproteose  ai^d  heteroproteose)  as  distinguisheil  from  the  secondary  pro- 
teosas  (deiiteropn>tci>.ses  A,  H.  C).  The  former  resend»le  more  the 'native 
proteids.  while  tlie  latter  approach  tlie  i^ptones.  The  distinction  l^etween 
the  primar>'  and  secondarj'  proteoses  is  made  chiefly  ui>on  the  ea>e  of  pre- 
cipitation. Kor  example,  the  primar>'  proteoses  are  precipitated  by  a  lower 
degree  of  saturation  with  amrnonimu  sulphate  aiid  by  nitric  acid  alone, 
whereart  the  secondary*  proteoses  rccjuire  pre\-iou»  saturation  with  a  nalt 
(soilium  chlorid)  l>efore  nitric  acid  will  i^rccipitate  them,  and  they  are  precip- 
itateii  by  saturation  with  ammonium  sulphate  with  much  more  difficulty, 
90mc  of  tbcm  only  .ifter  making  the  reaction  acid. 

Protamins  and  Histons. — Tlie  protaniins  have  l)een  obtained  (Miescher- 
Kow^l)  from  the  beails  of  th(j  s|>ennatozo«  in  (ishps.  in  which  they  e>isi  in 
cond^ination  with  nucleic  acid.  They  iliffer  considerably  in  the  .s|K'nnat<iEoa 
of  different  animals,  and  are  therefore  designated  according  to  the  zotilogical 
name  of  the  fish  from  which  they  nri.se,  m*  j^almin,  sturin.  rhuiein,  s«xim- 
brin,  etc.  Thev  show  a  biuret  reaction,  but  in  most  c&f*&\  fail  to  give  Millon's 
reaction.  On  hydroly.^U  they  give  .Kome,  but  relatively  few,  of  the  usual 
split  products  of  proteids,  and  thef*e  largely  the  so-called  niamido-lvxltc^ 
(arginin,  hl«tidin,  lysin)  rather  than  the  monamido-aci<ls.  Some  of  the  latter 
may  occur,  however,  such  as  alanin,  serin,  amidovalerianic  or  n-pyrroHidin-car- 
bonic  acid.  The  protamins  all  give  an  alkaline  reaction,  form  salts  with  acidji, 
and  are  precipitated  easily.     Their  molecular  structure  is  relatively  simple. 
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Salinin  U  given  the  formula  C^HjjNjiO,.  The  inolecuje  contams  no  mijphtir 
aiid  \»  cliaravterizci)  ubo  by  it^  lar^  pereeiita«:e  of  nitrof?eu.  Pritiunin 
uiiua  Ije  reganietl  as  tlie  siiiiplest  fonn  of  proieitl  ot'cumuK  noniiailv  in  i)»c 
aniiaal  IkmIv,  a  proteid  in  whicli  many  of  the  ffroupinp^,  such  a*  cystin,  tjTt)- 
sin,  rarlxihyiirate?.,  found  in  the  iL-ual  proteid  niulei-ule  are  entirelv  latit- 
ing  and  in  nliich  the  L>a»ic-  groupiitgs  (uoriuiu)  predonuuate.  The  liistona 
fonn  a  series  of  compoundis  intermediate  in  many  ways  between  tite  pru- 
tamiiifi  and  the  u^ual  proteids.  The  reaction  a-^uaily  conaidere<l  a»  char- 
acterUtic  of  the  vltasa  '\&  tliat  they  are  precipitateil  by  aunnonia.  They  are 
precipitated  also  by  the  alkaloidal  reagents — e.  g.^  ph^t^photu^gi^til'  acid — 
m  neutral  solutionis.  Ordinary'  proteid.<s  give  a  precipitate  with  the^e  reagenlA 
ouiy  in  acid  sulutiou^,  uhtle  the  protanmus  give  one  even  in  alkaline  Kihilions 
Protanuns,  hi.ston^,  and  the  usual  prtUeids  form  a  i»eries,  tKerefore,  in  witirb 
the  Imumc  reaction  iri  les.-*  and  le?«»  marked.  The  l.»eet  known  of  ilie  iii?<toii> 
Ls  the  glohin  ol)tained  from  hemoglobin;  another  form  ha.s  lx?en  nbtained 
from  the  nucleolii-Jton  in  the  while  corpuiicles,  from  the  sfjeniiatozoa  (4 
matkcrcl  (.Mombron),  coiUi^t  (gadutvhi^ton),  sea-urchin  (arbaci]i),  and  fmg 
(loiahiston).  Tliey  do  not  (Kciir  free  in  the  Uquid.s  or  ti»*ues*  of  the  l»ody, 
but  in  combuiation.  as  in  the  case  of  hemoglobin.  They  give  the  biuret 
reaction,  a  faint  Millon  reaction,  and  aLK>  respond  to  the  te^tpi  for  s^ulphur. 
Tlie  nnnJucti*  obtaine<i  by  their  hydroUtic  deavage  are  nnidi  more  numer- 
ous) tnan  in  the  case  of  the  protamine, — a  fact  which  would  indicate  that 
their  molecuhir  strurlure  Is  correspondingly  more  complex. 

The  Compound  Proteids. — The  ihromoproteids  may  be  define*!  tt* 
ConMsting  of  :i  simple  pruteid  in  combination  with  a  pigment  groupinfC 
such  a»  occurn  in  the  case  of  henmglobin.  A  numl>er  of  such  compouniU 
are  known,  hemoglobin,  hemocyaniii,  hemer>thrin,  chlorocruorin, — all  cliar- 
acteri/^d  physiologically  by  the  fact  that  thev  f*erve  to  tran*i|)ort  oxygen 
from  the  air  or  water  to  tnc  tii*sues.  On  boifing,  heating  with  alkalie^  or 
acidri,  etc.,  they  readily  liecomjKxse  into  their  constituent  jiarti^  (.see  HUmxI). 
Glucoproteids  are  comfiountls  of  a  oarl>ohydrate  grouiJ  with  a  simple  proteid. 
Kumerous  l>odic^^  have  l»een  put  in  this  claiw;  fiome  of  them  contain  phoi»- 
phorus  {pho>phoglui'oproteid.s).  Those  free  from  phonphonis  fall  into  two 
diviwicnwr  one,  tlie  muriius,  which  on  decomposition  yield  the  carl>ohyd  rate 
group  in  the  form  of  an  mnido-sngar  (ghicosamin),  and  one,  the  diondropro- 
teids,  foimd  in  the  comieciive  tiitsuen  and  in  the  (pathological  aub^lani■e  known 
as  arnyloifl,  whicli  yield  their  carboliydrate  group  in  the  form  of  chondroitin- 
gulphuric  acid  (CuIl-^NSOy-).  True  nmciu  in  obtained  from  the  »«cfeiion 
of  the  sali\'Hr\'  gland.s  and  the  mucous  glandii)  of  the  Aarious  mucous  mem- 
branes. The  nufleoproteids  constitute  the  most  interesting  of  the  group 
of  compoun<l  i»rc>teids.  They  are  recognized  a^  forming  an  miptirtant  con- 
stituent of  the  cell  nuclei.  They  may  l^e  defined  oh  con.^Utiug  of  a  comix)Uud 
of  simple  proteid  witli  a  nucleic  aci^.  In  ttie  nuclei  (hea<l)  of  8peruiatozoa 
the  t'ompounri,  in  some  ca.-'es  at  leai^it  (fishes),  containti  a  nucleic  aci<l  and  a 
protamin.  In  other  ca**es  tlie  proteid  coiiAtitueni  ia  more  complex.  IHi 
digestion  with  |)ei«in-hydrocldoric  acid  the  more  complex  nudeoproteids 
split,  with  the  fonnation,  first.,  of  a  prctteid  ^ubwtance  and  a  simpler  nucleo- 
proteid,  richer  in  phosphorus  and  designateil  eks  a  nucleiji.  On  further  de- 
composition this  latter  >'ields  a  nucleic  acid.  Nucleic  aciti  Is  therefore  the 
characteristic  const ilncnt,  and  a  numlxjr  of  <lifFercnt  fomiM  liave  Lieen  deti- 
criljed,  all  rich  in  phi>'phonj>,  ^uili  a-s  thymomideic  acid,  ^^ahiionnucieic  acid, 
guanyiic  acid,  etc.  On  liydrol>lir  decomi>08ition  they  peU\  i^oiue  of  the 
purin  bases,- — xatithin,  gnunin,  adenin,  etc.;  tfome  pynnmiin  derivativfri, — 
unicib  Uivmhi,  cyto**in;  a  carfiohydrate  group,  pento?«,  levulinic  acid;  and 
phasi»honc  wid.  These  final  deconiDopition  i>roductS  are  characteri.*«tic  of 
the  true  nudeoproteids  &n  distiJiguished  from  the  jihosphoruii-conlainiiig 
pimple  proteids,  the  nucleo-albuiniu^  or  i>ho>fjhoproteids,  suc-h  a>,  casein. 
The  i^n-entage  of  phospliorus  in  the  nudeoproteidti  varies,  a<'Cording  to  the 
complexity  of  the  ninleculc,  l>etw(*en  tl.o  and  l.C  |>er  cent. 

The  Albuminoids, — Thb^  cenend  name  is  reser%ed  for  a  group  of  nitrog- 
enou>  bodie^  foimd  chicHv  in  tne  sup(>orting  coimective  tissues  of  the  body, 
such  aH  the  keratin  of  tbe  epidenm>,  halm,  etc.;   the  elastin  of  the  elastic 
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connective  tissues;  the  crillagen  (ossein)  of  ilie  white,  fihroiis  connertive 
tiasues  anil  boucs,  from  n-liich  gelatin  i«  made;  and  the  reticuliu  of  the  retU*- 
ular  connective  tissues  of  tlie  l>iiiphatic  tissues.  They  res*erable  the  j»rt>- 
Ui6s  closely  in  general  ron*i>o.sition,  reactions,  and  end-prnductj*  of  Iiydro- 
l>tic  cleavage,  but  differ  from  them  evidently  in  some  structural  feature, 
since  it  has  been  found  by  nutritive  exi>erinient8  that  they  can  not  lie  uj*etl 
by  the  IxkIv  to  replace  its  proteid  ti^uues  (see  p.  791).  Collagen  (eelatin) 
has  the  following  percentage  comixisition  (Chittenden):  C,  4ft.;}8;  n,  O-S; 
N,  17.97;  S,  0.7;   O,  25.13. 


DIFFUSION  AND  OSMOSIS. 

In  recent  years  the  i»fiysical  coui-eptioiis  of  tlie  nature  of  the  pi 
of  difTuaion  and  osmosis  Itave  <hanKcil  I'onsidcrably,  An  these  newer  concep- 
tions have  entered  largely  into  current  UKHliral  Uteralure,  it  seems  ad\'i»* 
able  to  give  a  brief  descriptinn  of  them  for  the  u.-Ne  of  tlio.^  ttudeuts  of  phys- 
iology who  may  l>e  unacfjutiiiiled  with  the  mtxleni  nomenclature.  The 
very  liiniteit  spare  that  ran  !«  devoteti  to  tfie  subject  forbids  anything  more 
than  a  condeiisef]  elementary  presentation-  I'or  fuller  infonnation  refer- 
ence niu-it  be  itiade  to  special  treatises.* 

Diffusion,  Dialysis,  and  Osmosis. — When  two  ga^es  are  brought  into 
contact  a  homogeneous  mixture  of  the  two  is  soon  olitained.  This  inter- 
penetration  of  the  gases  is  spoken  of  aa  diffut^ion,  :Lnd  it  is  due  to  the  con- 
tinual movements  of  thi-  giiAt^ou^  molecules  to  and  fro  within  the  Hmits  of 
the  confining  space.  S<t  also  when  two  miscible  liquids  or  solutions  are 
brought  into  contact  a  diffusion  occurs  for  the  same  reason,  the  movements 
of  the  molecules  finally  effecting  a  httinogentHius  mixture.  If  the  two  liquids 
happen  to  be  ^cpa^atcd  by  a  nKTiibrmu*  diffusion  will  still  i>ccur.  provided 
the  membrane  i*  pcrim'able  to  thr  liijnid  molecules,,  and  in  time  the  liquids 
on  the  two  sides  will  bo  mixtures  ImvinK  a  uniform  componition.  Not  onlv 
water  molecules,  hut  the  molecules  of  many  ftubstances  in  solution,  such 
as  sugar,  may  pass  to  nnd  fro  through  membranes,  so  that  two  liquids  sepa- 
rated fmm  each  other  i>v  an  inler\cning  membrane  and  nripnally  unhke 
in  composition  nnty  hnally.  by  the  act  of  diffusion,  come  to  have  the  same 
composition.  Diffiisioti  of  this  kind  through  a  membrane  is  frequently 
spoken  of  ah  dialysis  or  osmosis.  In  the  Ixxly  we  deal  with  aqueous  solu- 
tions of  varioas  sulistances  that  are  sejiarateil  from  each  other  by  living 
mend>r2mesi,  such  as  the  walk  of  the  l»lofMl  capillaries  or  of  the  alimentarj' 
canal,  and  the  Liwh  of  diffaMon  through  membranes  are  of  inunediate  im- 
portance in  explaining  the  passage  of  water  and  dissolve<l  substances  through 
these  living  septa.  In  a<|ueou«  solutinns  such  as  we  ha\e  in  the  Ixxly  we  must 
t&ke  into  accoimt  the  uiovemeuts  of  the  molerules  of  the  solvent,  water, 
as  w^  as  of  the  substances  dissolve<l.  These  latter  may  have  different  de- 
grees of  diffusibihty  as  compared  with  one  another  or  ^ith  the  water  mole- 
cule-*, and  it  frequently  happens  that  a  mcndiranc  that  i^  penneahle  to 
water  molecules  is  less  |>ermeable  or  even  imj^miwdile  to  the  molecule*  of 
the  Hulistances  in  solution.  For  this  reason  the  diffiLMJon  stream  of  water 
and  of  the  dissolve<l  substances  may  lie  differentiate*!,  a^  it  were,  to  a  greater 
or  leas  extent.  In  recent  years  it  has  be<'ome  cu.stomar>'  to  limit  the  term 
otfmonia  to  the  stream  of  water  molecules  paHsing  through  a  meiubrane. 
while  the  tenn  dialysis,  or  diffusion,  i.s  applied  to  the  passage  of  tlic  mole- 
cules of  the  sulistances  in  sohition.  Tlie  osmotic  stream  of  water  \mder  var>'- 
ing  conditions  is  c-^itcoially  imiwirtant,  an<l  in  connection  with  this  pro<'e!«« 
it  is  i»e4'Ci4«ary  to  dehne  the  tenn  osmotic  pressure  a.«  applied  to  sr)lutions. 

Osmotic  Pressure. — If  we  imagine  two  maxses  of  water  separated  by 
a  permeable  membrane,  we  can  readily  understand  that  its  many  water  mole- 
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cules  will  pass  through  froni  one  side  as  from  the  other:  the  two  streams, 
in  fart,  will  neutralize  each  other,  and  the  volumeI^  of  the  two  masses  of 
wuter  will  remain  unchanged.  The  movement  of  tlie  water  molecules  in 
tlijs  case  is  not  at'tuaily  olwerved,  but  it  is  assumed  to  take  place  on  the 
tlieor>'  tlmt  the  Uquid  molecules  are  continually  in  motion  and  that  the 
menibruue,  Ijeing  peniieable,  offers  no  obstacle  to  tlieir  movements.  If. 
ninv,  on  one  side  of  the  membrane  we  place  a  solution  of  some  crystalloitl 
siihst-anoe,  nueh  as  common  salt,  un<l  on  the  other  side  pure  water,  then  it 
will  be  ftjimd  that  an  excess  of  wat«r  w'dl  puns  from  the  water  side  to  the 
side  contuining  the  evolution.  In  the  older  terminolog>'  it  was  said  that  the 
salt  attraole*!  this  water,  but  in  the  newer  theories  the  same  fact  ia  expressed 
by  saying  that  the  salt  in  solution  exert«  a  certain  osmotic  pressure^  in  conse- 
quence of  wliich  more  water  Hows  from  the  water  side  to  the  side  of  the 
solution  than  in  the  reverse  direction.  As  a  matter  of  experiment  it  is  found 
that  the  (»fniotip  pressure  varies  with  the  amount  of  the  substance  in  *olu- 
tiotK  If  in  ex|ierimeiit8  of  this  kind  a  8emi[>ermeable  membrane  is  choeen 
— that  is,  iL  membrane  that  is  penneable  to  the  water  molecules,  but  not  to 
tlie  molecules  of  the  substance  in  solution — the  stream  of  water  to  the  siile 
of  the  crystalloid  will  continue  until  tlie  hydrostatic  pressure  on  this  side 
reaches  a  certain  point,  and  the  hydrostatic  pressxire  thus  caused  may  be 
taken  as  a  measure  of  the  osmotic  pressure  exerted  by  the  substance  in  solu- 
tion. Untler  these  conditions  it  can  be  8ho\\'n  that  the  osmotic  pressure 
la  proportional  to  the  concentration  of  the  solution,  or,  in  other  words,  to 
the  numlier  of  molecules  (and  ions)  of  the  crystalloid  in  solution.  As  a 
matter  of  fact,  most  of  the  membranes  that  we  have  to  deal  with  in  the 
bo<ly  are  only  approximntely  sernipenneable — that  i.s,  while  they  are  rejulily 
pemieable  to  ^^.ater  molecules,  they  are  also  permeable,  although  with  more 
or  less  dilhculty.  to  the  substances  in  solution.  In  such  cases  we  ijct  an 
osmotic  hlream  ctf  water  to  the  side  of  the  dissolved  crystalloid,  but  at  the 
same  time  the  molecules  of  the  latter  pass  to  some  extent  through  the  mem- 
brane, by  diffusioD,  to  the  other  siae.  In  oouree  of  time,  thepcforc.  the 
dissolved*  cr>'.stHlloid  will  be  equally  distributed  on  the  two  sides  of  the  mem- 
brane, the  asmotic  pressure  on  both  sides  vnW  become  equal,  and  osmoens 
of  the  water  will  cease  to  be  apparent,  since  it  is  equal  in  the  two  directioos. 
All  substances  in  true  solution  are  capable  of  exerting  osmotic  preBsnre, 
and  the  important  discovery  has  Ijeen  made  that  the  of^notic  pressure,  meas- 
ured in  terms  of  atmosplierers  or  the  pressure  of  a  colunm  of  water  or  mer- 
cur\',  is  equal  to  the  gas  pressure  tliat  would  be  exerted  by  a  number  of 
molecules  of  gas  ecmal  to  that  of  the  crv's-talloid  in  solution,  if  confined  within 
the  same  space  ancl  kept  at  the  some  temi>erature.*  A  peifectly  satisfactory 
explanation  of  the  nature  of  osmotic  pressure  has  not  lien  furnished.  "We 
must  be  content  to  use  the  term  to  express  the  fact  described.  It  is  a  matter 
of  great  imjiortftnce  to  measure  the  osmotic  pressures  of  various  solutions. 
As  wm^  staled  aI>ove,  tl\is  measurement  can  be  made  for  any  solution  pro- 
vided a  reallj'  semipermeable  membrane  is  constructed.  A»  a  matter  of 
fact,  however,  the  u.se  of  such  membranes  ha.*!  not  been  general.  In  actual 
experiments  other  methods  have  been  emplo>'ed,  and  a  brief  statement 
of  a  theoretical  and  a  practical  method  of  arriWng  at  the  value  of  osmotic 

Sressures  may  be  of  sor\'ice  in  further  illustrating  the  meaning  of  the  term, 
■efore  stating  these  methods  it  becomes  neces.'*ary  to  define  two  terms — 
namely,  electrol>'tes  and  gram-molecuhu"  solutions — that  are  much  used 
in  this  connection. 

Electrolytes. — Tlie  molecules  of  many  substances  when  brought  into 

*  The  interesting  researches  of  Morse  and  Frazer  ("The  Americjui  Chemi- 
cal Journal,"  34,  1,  1005),  who  have  succeede*!  in  making  seminermeable 
membranes  in  such  a  form  as  may  be  used  for  determining  directly  the  oo- 
motic  pressures  of  rnncentrated  (normal)  sohitions.  have  shomi  that  this 
law  is  not  accurately  stated.  The  actual  pre^^sure  is  that  which  would  be 
exerted  if  the  particles  in  solution  were  gasified  at  the  same  temwrature  and 
kept  to  the  volume  of  the  pure  solvent  u^d  (water),  instead  of  the  volume 
of  the  entire  solution. 
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A  ittAte  of  solution  nre  i«lievetl  to  l>e  (li<%sociate<l  into  two  or  more  parts, 
kuown  as  ionn.  The  completeness  uf  the  iiis(*o{'iation  viuios  with  the  sub- 
Htance  used,  anil  for  any  one  .suhstaiico  whti  the  ileierrec  of  dilution.  Houghly 
speakinKi  the  greater  the  dilution,  the  more  nearly  iimLplete  i.s  the  diRsoria- 
tion.  The  ^orl^*  lil>erated  Ijy  tlii.-?  act  of  dif^sociation  are  charged  with  cloc- 
tririty,  and  when  an  electrical  current  i.s  let!  into  the  solution  it  is  conducted 
bv  the  inovenicnts  of  the  ions.  The  iiioleculeti  of  |)erfettly  pure  water  undergo 
almost  no  dissociation,  and  water  therefore  does  nut  «[>preciah!y  conduct 
the  electrical  current,  if  some  NaCl  i.s  dissolved  in  water,  a  certain  num- 
ber of  its-^  molecules  become  disso4"iated  intt»  a  Na  ion  charged  jiositively 
with  electricitv  and  a  CI  iou  charged  negutivelyj  and  the  fK>lution  liecomeo 
a  conductor  of  the  electrical  current.  8u^>^tances  that  exhibit  tidri  property 
of  dissorialion  are  known  a-4  electrolytes,  to  diwtingui.Hh  them  from  other 
soluble  NubKtanceH,  such  n»  »ugar,  that  do  not  diKsociate  in  holutiorL  and 
therefore  do  not  romliict  the  electri<'al  current.  S[>eaking  generally,  it  may 
l»e  said  that  all  ^talts  hase^,  and  acidf*  l>elorig  lo  the  group  of  electroUtes. 
The  conception  of  electmlMes  i.s  verj'  important  for  the  reawon  that  the  act 
of  dissociation  obviously  increa**es  tlie  nuniljcr  of  partide-s  moving  in  the 
solutiun  and  therein'  increases  the  tisuiolic  pres-sure,  since  it  hai  been  found 
experimentally  that,  so  far  as  onmotic  pressures  are  concerned,  an  ion  plays 
the  same  part  na  a  inoietule.  It  follaw:^,  tberefure^  that  the  osmotic  prensure 
of  any  given  electrolyte  in  solution  is  increased  in  proi>ortion  to  the  degree 
to  wliicn  it  is  dissorlatefl.  As  the  liijuids  of  the  tMidy  contain  electrolyses 
in  !W)lution  it  becomes  nece;*sar>',  in  estimating  their  osmotic  pressure,  to 
take  Oiis  fact  into  con>ideration. 

Gram-molecular  Solutions. — The  concentration  of  a  given  8ub«tance 
in  solution  may  Ix;  slatetl  by  the  usual  method  of  percentages,  but  from  the 
standpoint  of  osmotic  pressure  a  more  convenient  method  in  the  use  of  the 
unit  known  as  a  gram-molecular  solution.  A  gram-molecule  of  any  »ub- 
stani'e  is  a  quantity  in  graiu:^  of  the  su)>»tanee  equal  to  its  motecular  weight, 
while  a  gratn-motecular  solution  i.s  one  containing  a  gmm-molecule  of  the 
substance  to  a  liter  of  the  ttolution.  Thus,  a  gram-tnolecxdar  solution  of 
sodium  chlorid  i.n  one  containing  58,5  gms.  (Na,  23;  CI,  35.5)  of  the  satt  to 
a  liter,  while  a  gram-inolwular  sohition  of  cane-sugar  contain.**  342  gma, 
(CijHjjOjJ  to  a  liter.  Himilarly  a  gram-mole<-ule  of  H  is  2  gms.  by  weight 
of  this  gas,  and  if  this  weight  of  H  were  tompressed  to  the  volume  of  a  liter 
it  would  be  comparuhle  to  a  gram-niolec-ular  .solution.  Since  the  weight 
of  a  molecule  of  H  in  to  the  weight  of  a  niolerule  of  cane-sugar  as  2  is  to 
^2,  it  follows  tfiat  a  titer  containing  2  gnm.  of  H  contain.^  llic  same  number 
of  molecules  of  H  in  it  as  a  liter  of  solution  containing  'M'2  gms.  of  sugar 
Km  of  sugar  m(jlecules.  On  the  assumption  that  a  molecule  in  .•iohilion  exerta 
an  oeraotic  pressure  that  is  exactly  e^quad  to  the  ga'^-i^ressure  excrt,cd  by  a 
ga»  molecule  moving  in  the  same  space  and  at  tlie  same  teinjierature,  we 
are  juHtifieil  in  saying  that  the  osmolir  pre}««ure  of  a  gnun-molecular  solu- 
tion of  cane-sugar,  or  of  any  other  RuKstance  that  is  not  an  electrol\te,  is 
egual  to  the  gas-pres.sure  of  2  gms.  of  H  when  compres.s«Ml  to  the  volume 
of^  1  liter.  Tliis  fact  gives  a  means  of  calcuUting  the  osmotic  pressure  of 
Bolutions  in  certain  rases  according  to  the  following  method: 

Calculation  ol  the  Osmotic  Pressure  of  Solutions. — To  illustrate  thin 
method  we  may  take  a  simjjle  problem  such  as  the  determination  of  the 
osmotic  pressure  of  &  1  per  t'ent.  soluticm  of  rane-sugar.  One  gm.  of  H  at 
atmospheric  pressure  (M-cupies  a  volume  of  11.16  liters;  2  gms.  of  H,  there- 
fore, under  the  same  conditions  will  occupy  a  volume  of  22.ri2  liters.  A 
gram-molecule  of  H — that  is,  2  gms.  of  H — when  broiight  to  the  volume 
<ti  1  liter  will  exert  a  ga*t-pressure  equal  to  that  of  22.32  liters  ct:)n»presseil 
to  1  liter — that  is.  a  pressure  of  22.32  atmtjspheres.  A  gram-molecular  .solu- 
tion of  cano-sugar,  since  it  contains  the  <ame  number  of  molecules  in  a  liter, 
muat  therefore  exert  an  osmotic  pressure  equal  to  22.32  atmospheres.  A 
1  per  cent,  solution  of  cane-sugar  contains,  however,  only  10  gnis.  of  sugar 
to  a  liter;   hence  the  ohmotie  pressure  of  Uie  sugar  in  such  a  solution  will 

l»e  J.  2  of  22.32  atmospheres,  or  O.fW  of  an  atmosphere,  which  in  terms  of 
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a  column  of  memin'  (jivew  "GO  X  0.05  =  494  nini.«.  This  figure  cxpre'*<« 
the  tj^niotie  p^e^^ure  of  a  1  per  cent,  solution  of  ratie-su|2;ar  wl>eti  dialyzetl 
apaiii^t  pure  water  tlirough  a  membrane  ini[*enucal)ie  to  the  sugar  molecule*. 
In  siu'h  an  exiw^riment  water  would  pass  to  the  sugar  side  tmtil  the  hydn>- 
statii'  pres'*ure  on  tln>  suie  wa?*  increa-sed  by  an  amount  erpial  to  the  pres- 
sure of  a  oolunm  of  n\ercury  494  nint>.  high.  Certain  additional  calculation* 
tliat  it  is  necessarj'  to  make  for  the  temiieraiure  of  the  solution  nee<l  not  I* 
Bpecified  in  this  connexion.  If,  however,  we  wish  to  apply  tbi?*  method 
to  the  caU'Ulation  of  the  osmotic  pressure  of  a  given  solution  of  an  elecirr^- 
lyte,  it  is  necessjiry  first  to  ast^-ertain  the  degree  of  dissociation  of  tbc  elecin^ 
Ijte  into  its  i<uis,  >*inre,  a.s  was  .wiid  alxive,  dissociation  increft!*e>  the  num- 
\>er  of  parts  in  solution  and  to  tl»e  same  extent  increases  osmotic  pressure. 
In  the  IhmIv  the  liquiils  (hat  concern  us  contain  a  variety  of  substances^  in 
solution,  electrolytes  a^  well  as  non-olectrol\'tea.  In  order,  tberefore,  to 
calculate  tbe  *)smotic  pressure  of  such  complex  nolutions  it  is  nece3«ar>'  to 
ascertain  the  amotint  of  each  sul>stance  present,  and,  in  the  case  of  electro- 
lytes, the  degree  of  dissociation,  t'nder  ex|icrimental  condition?  such  h 
calculation  is  pnittically  impossible,  and  recourse  must  Ije  bad  to  other 
methods.  One  of  the  sjrnples't  and  mof-t  easily  applied  of  these  methods 
is  the  dctcnninalinn  nf  the  freezing  point   of  the  solution. 

Determination  of  Osmotic  Pressure  by  Means  of  tbe  Freezing  Point. 
— This  tncthfKl  de{>cniis  upon  the  fact  tlial  the  freezing  j>oint  of  water  is  htw- 
ered  by  s\!bstance,s  in  solution,  ami  it  ha«  Ijeen  dincoveretl  that  tbe  ainouot 
of  lowering  is  proportional  to  llie  number  of  parts  (molecules  and  ion*) 
prettent  in  the  solution.  Since  the  osmotic  jtressure  is  aUo  nroixiriional  to 
the  numlver  of  purls  in  sohiti*jn,  it  is  convenient  to  take  the  lowerinc  of  the 
freezing  jHiint  of  a  solution  a>  an  index  or  measure  of  its  osmotic  prenMjre. 
In  practii-e  a  sinij)lc  apj'aratus  (Heikmnnn's  apparatus)  is  used,  consisting 
essentially  of  a  ver>'  delicnto  au<l  adjustable  difterentitJ  ihennomefer.  Hy 
means  i»f  this  instrument  the  freezing  jKiint  of  pure  water  is  firs-t  as<*ertainei| 
upon  the  cnipirirnl  stale  of  the  thennometer.  The  freezing  point  of  the 
solution  untler  eNammation  is  then  determined,  aiul  the  numl>er  of  desrer- 
or  frai'lions  of  ii  degree  by  wbich  il>  freezing  point  i^  lower  than  that  of  pure 
water  is  noted.  The  lowering  of  the  freezing  point  in  decrees  centigraile 
is  expressed  umially  by  the  s^^ulM^l  ^.  For  example,  manimaJian  blo<»d- 
eerum  gives  ^  =  0.5<»°  C.  A  0,05  iter  cent,  solution  of  NaCl  gives  the  same 
A  ;  hence  the  two  solutions  exert  the  same  osmotic  pressure,  or,  to  jtut  it  in 
another  way,  a  (^.05  per  <*ent.  solution  of  NaCl  is  isotonic  or  i^jKnioiic  with 
nianunaliati  .--t^nun.  The  /\_  of  any  given  :*olution  may  \ie  expre^ised  in  lenii* 
of  a  gram-molecular  .solution  by  dividing  it  by  the  constant  1.S7,  since  a 
gram-mole<'ular  solutioit  of  a  non-clectnilj^e  is  kiuiwn  to  lower  the  freerin^ 
point  l.S7°  C.     Thusj  if  blood-serum  gives /\  —  0.56°  C.its  conceiitmtifm  in 

terms  of  a  gram-moIe<*ular  solution  will  be   ^'a^t  or  0.3.     In  other  words, 

blood-senmi  has  0.3  of  the  c»smotic  pressure  everted  by  a  gram-molecuUr 
Bolution  of  a  non-elect rolyle, — that  \t^,  22.32  X  0.3,  or  'i.tiW  atmo^pherr*. 

Remarks  upon  the  Application  of  the  Foregoing  Facts  in  Physiol- 
ogy.— In  the  body  water  and  substances  in  solution  are  continually  pa>>- 
ing  through  membranes, — for  example,  in  the  production  of  l_^^Ilpb,  in  0»e 
alwort»tion  of  water  and  digested  footls-tuffs  from  tlie  alin\enlarv  canal,  in 
the  nutritive  exchanges  Iietween  the  tissue  elements  and  the  l»lr>otl  or  lym|»li, 
in  the  production  of  the  various  secretions,  and  so  on.  In  (he>e  ca»*rs  it  i*  a 
matter  of  the  greatest  ditfVully  to  give  a  satisfactory  explnnatirm  of  t})e 
fttrces  controlling  the  How  to  and  fro  of  tbe  water  an<i  dissolved  sub*>tuni-e^, 
but  there  can  l>e  little  doubt  that  in  all  of  tbem  tbe  physical  forces  of  fil- 
tration, diffusion,  and  osmosis  take  an  inii>ortant  ()ttrt.  Whatever  ran  !« 
leame*J,  therefore,  concerning  tlie.se  processes  must  m  the  end  bavr  hii  im- 
portant l)caring  ui>fm  the  explanation  of  the  nutritive  exchanges  betwerti 
tbe  blrxHl  and  tissues.  Some  additional  fact.<*  may  lie  mentioned  to  indicate 
the  applications  that  are  made  of  these  processes  in  explaining  phvHohigical 
phenomena. 

Osmotic  Pressure  of  Proteids, — The  osmotic  presstire  exerted  by  cry»* 
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talloidn.  siich  as  the  ordinary  soluhle  salts,  is,  as  we  Imve  ^een,  \'en'  con- 
>*i(leral>le,  but  the  ready  (iifTiiMibHiiy  of  ^lo^*t  of  the»*e  •*altt*  tlirough  miinml 
membranes  limits  very  matcrianv  their  iiiHuence  up<»ii  the  flow  of  water  h» 
the  bo<iy,  Tims,  if  we  shotihl  ittject  a  str<inp  soUition  of  conunon  >;alL  diroctly 
into  the  blooti-vev>els,  the  iii>t  elTert  wnuhl  l»e  the  seilitij:  uj>  <tf  mi  L>Miiotic 
■stream  from  the  tissue?*  to  the  Ithujd  aiid  the  pnxiiu-tion  i»f  a  comiitUm  of 
hydremic  plethora  within  the  IjhwxI-vesseU.  The  salt,  however,  would  itooa 
<llffiise  out  into  the  tissues,  ;iiid  Lu  the  <le^ree  that  this  (K-i'urred  iU*  efTevt  iu 
dilutini;  the  blooil  would  tend  to  diminish  Iteraa^  tite  part  of  the  salt  that 
isrot  into  the  extnivas<'ular  lymph  spaces  would  now  exert  an  osmotir  press- 
ure in  the  opposite  direction,  druwinc;  water  fmm  the  bhxxl.  This  fart, 
topether  with  the  further  fart  that  an  e\i-es.s  of  salts  in  the  ImmIv  In  srt4-in  re- 
move<l  by  the  excretory  organs,  gives  to  such  sul>stances  a  srnafler  inlluence 
in  directing  the  water  stream  than  wouKl  at  first  l^suppoe*e<J  when  the  inten- 
sity of  their  osmotic  action  is  coasidereil.  In  atklilion  to  the  cr>'stalloi»Ls  the 
liquids  of  our  bodies  contain  also  a  i-ertain  amount  of  proteid,  the  blood, 
e*i>ecially,  containinjr  over  (i  jier  cent,  of  this  substance.  It  has  l>een  gen- 
erally assumed  that  proteids  m  solution  exert  little  or  no  osmotic  |)pessure, 
but  Starhng*  and  others  have  nlniiuetl,  on  the  contnir>%  that  they  exert  a 
distinct,  although  >niall,  osmotic  pressure,  ami  it  is  posnihle  that  this  fact 
is  of  special  imi»ortan«*e  in  al>sorption,  i)e<-anse  the  yiroieids  do  not  diffuse 
or  diffuse  with  great  (lilhculty,  arul  their  ePFect  remains,  therefnre,  *io  to 
speak,  as  a  permanent  factor  According  to  Starting,  the  osmotic  preissurs 
exerted  by  Ine  proteids  of  serum  is  etpiul  to  about  30  mms,  of  mercury. 
Tliat  the  osmotic  pressure   of   the  senirii   proteids    is  so  small  l«  not    sur- 

f rising  if  we  remember  the  ver>*  high  ntolecular  weight  of  this  hul»s*tance. 
n  senim  tlve  proteids  are  present  in  a  concentration  of  al>out  7  [ier  cent., 
but  owing  to  their  large  moleruhir  weight  comparatively  few  proteid  mol^ 
cules  are  present  in  a  sohuirMt  of  this  concentration;  and,  assuming  that 
the  disBolved  proteid  follows  the  laws  iliscoverc<l  for  crystalloids,  its  osmotic 
pressure  would  depend  u|K>n  the  numl)er  of  molecules  in  solution.  By 
means  of  this  weak,  but  constant,  osmotic  pressure  of  the  imliffusiljle  pro- 
teid it  is  possible  to  exphiin  theoretically  the  fart  that  an  isotonic  or  even 
a  hypertonic  solution  of  <liffasili!e  cr>'sta!loitl  may  lie  completely  absorbed 
by  the  blood  from  the  peritoneal  cavity.  Reidt  has  given  evidence  which 
indicates  that  pure  prot«ids  exert  no  i>smatic  pre*«urc;  that  as  they  ix*cur 
in  the  Ixxly  linuids  they  are  combine<l  or  mixed  with  certain  sulwtant-es  to 
which  the  feel>lB  osmotic  prxN-sure  fonnerly  attributeti  to  the  prot^iiN  really 
belongs.  Since  the?«  unknown  suhstanccis  are  them.selves  indifTusible,  the 
argumetitfi  just  vi.se<|  siill  hold  for  the  conditiuiKs  in  the  iMidy. 

Isotonic,  Hypertonic,  and  Hypotonic  Solutions.— In  nhysiolog>"  the 
osmotic  pre^s\tre:s  exerte«l  t*y  various  >ohitions  are  compareu  u-sually  with 
that  of  the  bhxxl-serum.  In  this  sense  an  isotonic  or  isfwmotic  solution  ie 
one  having  an  oMiiotic  presj*ure  e*\ual  to  that  of  ncrum,  n  hypertonic  or  hy- 
perosmotic solution  is  one  W'hop*e  osmotic  pre?wure  exceeds  that  of  ?^rum, 
and  a  hyf>otonic  or  hypofunotic  solution  is  one  whose  oe*motic  presMire  is 
le*s  than  that  of  senmi. 

Diffusion,  or  Dialysis,  of  Soluble  Constituents. — If  two  liquids  of 
une<pml  concentration  in  a  given  constituent  are  separated  by  a  membrane 
entirely  permeable  to  the  <lissolvod  molecules  of  tne  Kul»*tance.  a  greater 
uuml>er  of  these  molecules  will  pass  over  from  the  more  concenlrate<l  to  the 
lew  concentrated  shle,  nnfl  in  time  the  composition  will  he  the  same  on  the 
two  8i<les  of  the  membrane.  Diffusion  of  soluble  constituents  continually 
takes  place,  therefore,  from  the  pf>ints  of  greater  concentration  to  those  of 
le«s,  and  this  may  hapwn  «piite  indei>endently  of  the  direction  of  the  osmotic 
fftream  of  wat«r.  If,  for  instance,  a  0  9  per  cent,  sohition  of  sodium  rhlorid 
if  injected  into  the  peritoneal  cavity,  it  will  enter  into  diffusion  relatiouM 
with  the  blood  in  t!»e  blood-vassels;  its  concentration  in  sodium  chlorid 
being  greater  than  that  of  the  blood,  the  excess  will  tend  to  |>ass  into  the 
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blood,  while  srnliuin  carl>onate,  tirea,  su^ar,  and  other  soluble  en*staUoidaJ 
hUbstaiK'ejs  will  na.ss  from  the  blood  into  the  salt  solution  in  the  peritoneal 
cavity.  Througli  the  action  of  this  pnn-esrt  of  diffusion  we  ran  understand 
how  certain  constituents  of  the  blotwj  may  pa-^s  to  the  tissues  of  various  eland* 
iu  aniountH  greater  than  can  be  explainer!  if  we  rtupposed  that  tlie  lymph 
of  the**  tissues  is  derived  solely  by  filtration  from  the  blood- pla-suia.  An- 
other imjKtrtant  conoe}»lioti  in  this  connection  is  the  poaability  that  the 
capillary  walls  may  lie  i»enneaVile  in  different  decrees  to  the  various  w>lubi<' 
constituents  of  the  blood,  aiul  furthermore  the  posj^ibilily  that  the  pennea- 
bilily  of  til©  capillary  walls  may  vary  in  different  organs.  With  recaril  to 
the  hrst  posHibility  it  has  lieen  shown  that  the  blood  capillarie>  iirv  more 
]tenneuble  to  tlie  urea  molecules  than  to  sugar  or  NaCl.  With  the  aid  of 
these  farts  it  is  |>ossih]c  to  explain  in  large  measure  the  transportation  of 
umteriul  from  tlie  blcMKl  to  the  tissues,  and  vice  verm.  For  example;  to  follow 
u  line  of  reasoninf?  used  by  Holh  we  may  suppose  that  the  functional  activity 
of  the  tissue  elementji  is  attemled  by  a  consumption  of  material  which  in 
tuni  is  made  goo<l  by  the  dissnhed  molecules  in  the  tissue  lymph.  Tlie 
concentration  of  the  latter  is  thereby  lowered,  ami  in  consequence  a  diffu- 
fiinn  stream  of  these  substance^  is  >et  up  with  the  more  concentrated  blood. 
In  this  way,  by  difFa-^ion,  a  constant  supply  of  <ii.-ssolved  material  is  kejU 
in  motion  from  the  bl(H)d  to  the  tissue  elements.  On  the  other  hand,  tne 
functional  activity  of  the  tissue  elenicnts  is  accompanied  by  a  breaking  down 
of  the  complex  proteid  molecule,  witli  tlie  formation  of  simpler,  more  stabte 
molecules  of  (TVfJtalloitl  character,  such  as  the  sulphates,  phospliatot,  and 
urea  or  some  j>recursiir  of  urea.  As  tlie^se  l>odies  pass  into  tne  tissue  iyinph 
they  tenii  to  increase  its  concentration,  and  thus  by  the  greater  osniotir 
pre>wure  which  ihey  exert  serve  to  attract  water  from  the  blood  to  tl»e 
lyniph,  fonning  one  ellicient  factor  in  the  production  of  lymi)h.  i  »n  tl»e 
otiier  hand,  iis  these  sul>ttances  accumulate  in  the  lymph  to  a  com^ntratlon 
greater  than  th:it  possessed  by  tlie  same  substances  in  the  blood,  they  will 
diffuse  towiLrd  the  blfMwI.  By  this  means  the  wafrt-e  products  of  arlivity 
are  drawn  ofT  to  the  bif>o<b  from  which|  in  turn,  they  are  removed  by  tbe 
action  of  the  excretory  organs. 

Diffusion  of  Proteids. — This  simple  explanation  on  purely  phynical 
ffrounds  (if  the  flow  of  material  lietween  the  blood  and  the  tissues  ran  only 
DC  applied,  however,  at  prer*cnt  to  the  diffusible  crystalloids,  Mich  a*  the 
palt^s,  urea,  jirid  sURar.  The  proteids  of  the  blood,  which  are  FUpfVise^l  to 
l»e  so  important  fur  tl»e  nutritinn  nf  the  tissues,  are  practicftlly  indiffusible. 
so  far  lis  we  know.  It  is  dillicidt  to  explain  their  pa-ssa^  from  the  bbniij 
thmueh  the  cjipillftry  wails  into  the  Ij'mph.  Pro\*ipionMlly  it  may  l>e  a.'<*urned 
that  this  passage  is  due  to  filtrati<m.  The  hlood-plasmn  in  tlie  capillaries  is 
under  a  slightly  higher  pressure  than  the  lymph  of  the  tissues,  and  this 
higher  pres.sure  tends  to  squeeze  the  bloo<l  constituents,  including  the 
proteid,  through  the  capillarv  walls.  This  explanation, however,  ran  not  b© 
said  to  be  satiMfactory ;  and  in  this  reH|>ect  the  purely  phy.-^ical  theor>'  of 
lyniph  formation  waits  ui>on  a  clearer  knowledge  of  the  nature  of  the  nutri- 
tive proteid:^  and  their  relations  to  tlie  capillary  wall  i»ee  Lymph,  p.  427). 
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Bronchi,  capacity  of,  581 

Catelectmtonus,  83                                           ^^H 

constrictor  antl   dilator   fibers  of, 

Cathode  us  stimulus.  82                                  ^H 

625 

ph^-sical  and   physiological.  89                   ^^| 

Buffv  coat  of  blood.  415 

Centers  in  cerebrum  (see  CVrefrruw)               ^H 

Burdacb,  column  of,  162 

Central  held  of  vision.  313                             ^^| 

Centrosomc,  848                                                ^H 

Cerebellum,  ending  of  flpinal  tracts            ^^| 

in.  164                                                         ^M 

CArrciN,  767.  SaS 

r-vperimental  work  upon.  220                     ^^| 

Caisson  disease,  629 

a 

general  functions  of,  219.  223                      ^H 

^^^P^^390                                                                                               ^^^^1 

^^^1          Cerebellum,  localization  of  function 

Circulation,  explanation  of  velocity- 

^^H                  in,  224 

pressure  in.  460 

^^^H                paths  connecting  with  other  ports 

factors    of    nonuzd    pressure    and 

^^^1                   of  brain, 

velocity  in,  463 

^^^^H              pKvehical  functions  of,  224 

form  of  pulse  wave,  472 

^^^H               structure  of,  216 

general  curve  of  velocities  in,  439 

^^^H          Cerebrospinal  Ii<|uid,  555 

general  statement  of  pressure  rela- 

^^^H          Cerebrum,  uKsrjoiution  areas  of,  207 

tions.  442 

^^^^K                   system  of  Bbertt  in,   175 
^^^H              auditor}'  renter  in,  198 

hydrostatic  effects  upon.  465 

importance  of  elasticity  of  arteriea, 

^^^^^^        center  J'nr  hearing.  1D8 

4a3 

^^^^^^K           for  olfaction,   202 

in  brain,  552,  559 

^^^^^^P           for 

in  kidneys,  749 

^^^^^^        eentprs  atfectod  in  apha^^ia.  206 

means  of  determining  blood-pre»- 

^^^^1               commissural   svsteni   of   fibers   in, 

sure  in,   442,  453 

^^H 

velocities  in,  435 

^^^H              development  of  cortical  areas  in. 

of  lymph,  564 

^^H 

pressures  in  coronary  system.  491 

^^^H              general  pliy»iu1ugy  nf,  171 
^^^H              KtHtolo^y  uf  cortex,  172 

in  pulmonary  systeiii,  467,  468 

pulse  pressures'  in^  446 

^^^^1               localization  of  function   in,   179 

respiratory  waves  of  pressure  in, 

^^^^B               motor  areaa  of,    1X3 

5.SS 

^^^^B             projection  system  of  fibers  in,  173 
^^^^1               results  of  ablation  of,   178 

systole  and  diastole  of  heart.  477 

systolic,  diastohc,  and  mean  pree- 

^^^1              sen.sor>'  areas  of,  188 

surca  in,  446 

^^^1              vasomotor  supply  of,  552 

and  mean  velocities  in/ 438 

^^^H          Cerumen,  770 

time  required  for  complete.  441 
Traube-Hering  waves  of  prcosun 

^^^^1          Chemotaxi.s,  119 

^^^H         Cheyne-Stokes  respiration.  632 

in,  544 

^^H          Cholestenn,  721.  726,  770 

velocity   in   capillaries,  438 

^^H         Cholic  acid,  725 

in  coronary  systeni,  491 

^^H         Cholin, 

in  man,  438 

^^^H           Chorda  t^vmpani  ner\'e.  270,  667,  670 

in  pulmonary  system,  467,  468 

^^^^B         Chromatic  :il>erration  in  eye,  293 

of  pul.se  wave.  470 

^^^^B              visual  Ken>ialion.s,  321 

Clarke's  column,  156 

^^^^1          ChmmatolvsU.   121 

Clotttiij^  (sec  Coagulatuin)                    ^^^H 

^^^^B         Chromophile  substance  in  nen'e  cells. 

Coagulation,  blood,  414                     ^^H 

^^m 

intravascular,  421                              ^^^| 

^^H         Chrotnopnoteids.  880 

means  of  hastening  and  retarding,       fl 

^^^1          Chroiti08omefl,  K4H,  867 

421                                                          ■ 

^^^^B          Chronotropic  nerve  fibers  to  heart. 

theories  of,  415                                       M 

^^H 

Cocain,  .Hctiou  of,  on  iris,  303                  H 

^^H          Chyle  fat,  715 

Cochlea,  functions  of,  366                  ^^^t 

^^^^B           ChynioHin,  695 

s«  ii.snry  epitlirlium  of.  360               ^^^| 

^^^^B         Cillan*'  muscle,  action  of.  in  acconi- 

Cold  ^  x)ts  un  skin,  257                    ^^^| 

^^^^B                      modation,  291 

Color   blindness.  325,  327                  ^^M 

^^^^F                   nerved  to,  299 

contrast.-^.  324                                     ^^H 

^                Ciliated  epithelium,  54 

fusion.  321                                        ^^H 

^P                 C^irculating  proteida,  787 

saturation,  321                                 ^^H 

Circulation,  accessory  factors  in.  466 

sense  of  retina,  328 

as  seen   under  microscope,  434 

\Tsion,  theories  of,  331 

cunc  showing  pressures  in,  452 

Combtistion  equivalents  of  foods,  8U 

data  concerning  pressures  in  (man), 

Comma  tract  of  Schultze.  160 

458 

Comniis!$urul  system  of  fibers  (cere- 

mean prt^ssures  in.  450 

brum),  175 

diastole  and  systole  of  heart,  477 

Common  sensations,  256 

effect    of  adrenal   extracts   upon, 
776 
of  heart  beat  and  size  of  arteries 

Compensatory  pause   in   heart-beat, 
Coniplemental  air,  580 

upon.  440 

Complementary  colors.  322 

explanation  of  side-pressure  in,  460 

Com  Mfuiiil  muscular  contractioQft,  39 
Condiments,  656,  804 

of  velocity  changes  in,  439 

^                                          I^fDEX.                                          SOI         ^H 

I     Conduction  aa  phvsiolocncal  property, 

Defecation,  650                                              ^H 

1             72 

Degeneration  in  nerve  fibers,  118,  120             ^^| 

1        direction  of,  in  nerve  fibers,   107 

Deglutition,  634                                                 ^H 

r     Conjugate  fori.  283 

Conjugated  sulpliatos,  769 

nervous  control  of,  638                                ^^M 

DciterM's  celti  in  cochlea,  368                           ^H 

Contraction,    17,   32,   33    (see    also 

Demarcation    current,    muscle    and             ^^H 

Miiftck) 

nerve,  91                                                            ^^H 

Contralateral  conduction  in  cord»  164) 

DcniiUincs  of  salivary  glands,  668                   ^^H 

Convoluted  tubules  of  kidney,  746 

Depressor  nerve  fibers,  540                              ^^B 

Core-model  of  ner\'e,  10*J 

of  heart,  .543                                                 ^H 

Coronar\'  artorita*.  effect  of  occlusion 

Derived  albumins,  properties  of,  878             ^^M 

of.  194 

DeacQiid'ing  patlis,  spinal  cord,  167,             ^^M 

vasomotor  supply  of,  491 

mi                                                       ^M 

Corpora  quadrigemina,  relation  of,  to 

Deuteru-albumosee,  693                                      ^^| 

visual  apparatus,   193,  197 

Diabetes,  IXi                                                    ^H 

striata,  functions  of,  *214 

n;eltitus,  780                                                  ^H 

Corpus  callosum,  structure  and  func- 

pancreatic,  780                                              ^^B 

tiuu.  213 

phlnridzin.  795                                                  ^^H 

luteura,  .S40 

Diiiiyijis,  definition  of,  881                               ^^M 

trapexoideurn,  200 

Diaphragm,  action  of,  572                               ^^| 

Corresponding  pointjs  of  retina.  340 

IMaphragniatic  respiration,  572                        ^^M 

Cortex  of  ccrehrum,  general  physi- 

Diastase, t>62                                                   ^H 

ology  of,  175 

discoverv  of,  657                                           ^^B 

histology  of,  172 

Diastole,  <iuration  of,  in  heart,  480              ^^| 

Corti,  rods  of,  367 

Diastolic  arterial  pressure,  446                     ^^M 
methr>d     or    determining     in              ^^H 

Costal  respiratidn.  573,  576 

Cowper'fl  plands,  861 

animals,  447                                          ^^H 

Cranial  ncr\-es,  afTeront  fit>erB  in,  79 

method    of    determining,    in              ^^H 

efTerent  tih^rs  of,  79 

man,  454                                             ^^| 

nuclei  of  origin  of,  226 

Dicrotic  pulse  wave,  474                                   ^^H 

Cranioscopv,  IHO 

Diet,  accessory  articles  of,  656,  804              ^H 

Creatin.  6l\  tH>.  758 

average  daily,  818                                         ^^M 

Crcatinin,  ttl,  75S 

lianting's,  800                                                ^H 

Creaol-sulphuric  acid,  719,  760 

effect    of   reduction    of    salts   in,             ^^M 

Cretinism.  773 

^M 

Curve,      contraction,      of      artificial 

Dietetics,  general   principles  of,  817              ^^| 

muscle,  70 

DifTusion  circltvs  on  retina.  289                          ^^M 

of  plain  mij.scle.  53 

definition  of,  .S81                                   ^H 

of  skeletal  muscle,  25 

Digestion  in  largo  intestine,  717                    ^^H 

dissociation  uf  oxyhemoglobin,  603 

small  intestine,  700                                 ^^H 

extensibility     and     ebaticity     of 

in  stomach,  696                                            ^^H 

muscle,  19 

Diopter,  definition  of,  293                                ^^H 

gastric  secretion,  690 

Di(>ptricit  of  eye,  2S2                                          ^^H 
Dipopia,  342                                                      ^H 

intensity  of  sleep,  240 

pancreatic  swrelion,  702 

Direct  field  of  vision,  eye,  313                           ^^M 

pressures  in  vaM-ulnr  svstcm,  452 

Di.scord,     physiological    explanation             ^^| 

relations  of  heart  sounds,  487,  4S8 

of,  369                                                             ^H 

respirator)^  movenumts.  578 

Dissociation  of  oxyhpmogk>bin,   603              ^^M 

secretion  of  bile.  729 

Diuretics,  action  of,  748                                  ^^H 

systolic,  diastolic,  and  mean  blood- 

Dromograph,  437                                               ^^M 

preaaureA,  447 
velocity  of  i^lood-flow,  439 

Dromotropic  ner\'e  fibers  to  heart,             ^^M 

516                                                                   ^H 

visual  acuity  of  retina,  316 

Duct  of  Bartholin,  666                                    ^H 

work  of  miwrle,  36 

of  Kivinus.  666                                             ^H 

Cvcloplegia,  303 
Cystin,  f26,  874 

of  Stenson,  666                                             ^H 

of  Wharton,  666                                           ^H 

Qrgtiouria.  726 

of  WireunK,  700                                            ^H 

Dyspnea,  575.  622                                            ^H 

Death  rigor,  chemical  changes  dur- 

^^H 

inK*   66 

^^H 

in  muscle,  49 

Ear    effect  of  section  of  auditory             ^^| 

theories  of,  872 

ft 

nerves.  375                                             ^^M 

^             8^                                                             INDEX.                                            ^^^^^^1 

^^H             I'^r,  effect  of    stimulation  of    semi- 

EnzvmeA,  lipase,  709                      ^^H 

^^^H                        circular  canals,  374 

oi  mudcic,  61                                ^^H 

^^H                 Eustachian  tube  of,  359 

oxidases,  836                                ^^H 

^^^H                 Flourons's    e\perinipnt«  on  semi- 

pepsin,  091                                      ^^H 

^^^B                    circular  conaU,  372 

peroxidases,  836                           ^^H 

^^^K               functions     in     aiialyzlng     sound 

ptyalin,  679                                   ^^M 

^^^^^^1                   waves,  365 

rennin,  695                                    ^^H 

^^^^H            of  cocliloA,  366 

rovcn^tljlc  reactions  of,  659        ^^M 

^^^^^H                  enr-bones,  356 

specilicity  of,  661                           ^^M 
t  ironihiii.  416                               ^^M 

^^^^^^P                                     379 

^^^^^^r             of  iitriculuK,  379 

tryp.sin,  705                                      ^^M 

^^^V               intrinsic  riiu.seU^  of,  358 

Epij^ent^i.s,  S66                                    ^H 

^^^H                limiUt  of  iicaring.  370 

Epinephrin,  776                                 ^H 

^^^H                 position  of  t)on(«  in,  355 

Erection,  phvsiolofrv  of,  863         ^^M 

^^^H               projection  of  auditory  .scnsationSr 

Erepsin.  OtK^  711    '                           ^H 

^^m             3eo 

Erj:o>jraph,  45                                     ^^m 
Erythrol.liu^ts.  402                                      1 

^^^H               semicircular  canals  of,  372 

^^^B                sensations  of  discrjnJ,  360 

En'throcvtes  (^ee  Red  rorpuadea)          1 

^^^H                    of  harmony.  309 

Erythrod'extrin.  (>S0                                 J 

^^^K               sensory  epithelium  in  cochlea.  360 

Eserin.  action  of,  on  iris,  303          ^J 

^^^H               stnicture  of,  353 

Esophoria.  340                                      ^H 

^^^1                   bones  of.  355 

Ethereal  sulphates,  759                    ^H 

^^^H               theories  of  functions  of  semicircu- 

Eupne^i,  .575                                           ^^H 

^^H                    lar  canals  of.  375 

Eustachian  tul^e,  359                          ^H 

^^H               tympanic  membrane  of,  354 

Evolution,  h3rpotheBl3  off  in  bereditf. 

^^B            Px^k  fistula,  754 

866 

^^^H             Kfferent  ner%'c  6h<^rs,  75 

Excretion,  721 

^^H                        oc-currence  in  anterior  roots.  77 

Exop:onous  fil>ers  in  spinal  cord,  162 

^^^1                          in  crnriial  nervra,  79 

Exoplioria,  340 

^^^H             K  aculation  of  Hpertniitic  tiqnitl,  864 
^^H            E  a8ticity  and  exteiif^ibilily  of  muscle, 

Expiration  (see  also  ResjnraHon) 
( efinition  of,  571 

^H 

pxpiratory  center.  619                  ^M 

^^^H            Klcctricol  currents  during  heart  beat, 

muscl<>a  of,  574                                 ^H 

^^m               480 

Expired  air,  oompofiition   of,  592 

^^H            Electrodes,  non-polarizable,  95 

injurious   elTect*  of.    593 

^^^H                 stimulating,  S 

Extensibility  of  inu.scle,   19 

^^^H            Electrolytes,    effect   of,   on   osmotic 

External  KenitMiIatiw.  193.   197 

^^^H                pressure,  8K2 

Eye,  abnormalities  in  refraction  of. 

^^^H            Elcctrotonic  currents,  101 

295 

^^H            Klectrotonus,  83 

accommodation  in,  301 

^^H           Eleventh  crantal  nerve,  nucleus  of« 

mechanism  of,  289 

^B               230 

action  of  dru^  upon.  303 

^^^             Embryo,   nutrition   of,   S52 

acuity  of  vision  m,  315              ^^1 

H                   Endonenoua    fibers   of   spinal    cord. 

after-images  in,  323                      ^^M 

^^H 

as  optica]  instrument.  282          ^^| 

^^B            Enerfry  of  nuLocular  contraction,  34 

biiiocuhir  field  of  vision,  340          ^^| 

^^H            Enterokinose,  704.  711 

[xTS]>cctive.  346                          ^H 

^^^H            Entoptic  phenomena.  336 

chromatic  aberration  in,  293       ^^M 

^^^B            Enzymes,  adcnase,  664 

color  blindness  of.  325                  ^^M 

^^H                amylopsin,  708 

contrasts  in,  324                      ^^M 

^^^H                 anrinase,  7.56 

virion  in.  .321                               ^^| 

^^H                 chemiHtn.'  of,  664 

comfjlcmrntary  colors,  322           ^^ 

^^H                clnssiti cation  of,  661 

corrt-Hpondin^'iKJints  in,  340             1 

^^H                 definition  of,  661 

dark  >idapt(Hl.  310,  318                ^J 

^^H                entcrokinase,  704,  711 

difTusion  circles  in,  289               ^^H 

^^^H                 crepsin, 

diplopia  in,  342                            ^^M 

^^H                K^neral  properties  of.  663 

direct   field  of  vision  in,  313           1 

^^m                glycolytic.  782 

entoptic  phenomena  in,  336              1 

^^H                  pianiLSp,  r>64 

^^B                 historical  account  of,  657 

far   point  of  distinct   vImod,  292    1 

function  of  cones,  330                        1 

^^^                 intrftcellular.  835 

of  rods,  330                                       1 

1                        inverting,  711 

fundamental  color  sensations,  323    1 

^^M^^                                   iNDEx!^               ^           893^^^B 

Eye,  hoftjpter.  343 

Kibrinoj^on,  412                                                    ^^M 

indirect   field  of  vision  in,  313 

preparation  f>f,  416                                         ^^H 

inversion  of  iinaRe  in,  287 

Fictiltoas  meal  U'awlow),  689                       ^H 

light  winpted,  310,  318 

Kifth  eruniul  ner%'e,   227                                    ^^H 

reflex  in,  301 

Fillet,   latfral,  200                                               ^H 

movenipnts  of,  33H 

median,   190                                                      ^^H 

muscular  iiwuRiciency,  339 

Fistula.   E-k'k's.  754                                              ^^H 

nature  of  viHua!   stimuli,  308 

gHll-bladder,  715                                              ^^H 

near  pditit  of  distinct  vision,  292 

stomach,  OsO                                                    ^^M 

nodal  (Miint  of,  2JSfi 

Thirv-Vella,  710                                               ^H 

ophtlmlmoscopic   cxamloation   of. 

t'Livors.  65^                                                          ^H 

305 

dietary  importHiice  of,  804                         ^^| 

optical  defects  of,  293 

Fleclisi^^s  tnvelinization  method,  157              ^^H 

deluiiionR,  350 

truct:>,    104                                                          ^H 

physics  of  formutJ(»n  of  image  in, 

Kluorid  solution,  effect  on  clotting,            ^^H 

282 

^1 

qualities  of  visual  eetiftationB,  320 

Food,  composition  of,  655                              ^^H 

reduced   schematic    (Listing),   280 

definition  of,  654                                          ^H 

refractive  jMuvpr  of.  293 

[Hiteuliul  energy  of.  S14                                ^^| 

size  of  rptin^l  iiuu^es.  288 

I^WdHtutTs,  definition  of,  654                           ^^| 

spherical    abernition    in,  294 

Kimrlh  cnLfutd  nerve,  nucleus  of,  227              ^^| 

stereoscopic  vision,  347 

Kovea.  center  for,  in  occipital  cor-             ^^H 

struKKl*'   of   visutil   fieliLs.  344 

tex.   t9ti                                                          ^H 

suppn's.'^ion  of  visual  images,  343 

nf  retina,  si/.i^  of.  314,  315                              ^^H 

theories  f)f  color  viKtou,  331 

Franklin  tlMK)r>'  of  color  vision.  334            ^^M 

threshold  stimulus  of,  317 

Freezing;  point,  method  of  detemiio-             ^^M 

visual  field  of,  312 

ing,  KS4                                                              ^^H 
Funcic   glands  of  stomach,  683                    ^^H 

judgments,  349 

purple  of,  310 

Fundus  of  stomach,  (h{9                                 ^^H 

Eye-muscles,  action  of,  338 

^1 

Gall-bladder,    functions  of,    728                ^^M 

Facial  ner\'e,  dilator  fibers  in,  545 

nerves  of,  730                                                ^^M 

nucleus  of,  229 

Gulvanoineter.  construction  of,  92                ^^M 

Far  point  of  distinct  vision,  292 

d'Ar^)nval.  93                                               ^^B 

Fat,  absorption  of,  714 

Ga.ses,     laws    goveniing     absorption             ^^H 

as  glycri^cn  fr>nncr,  734 

of,  599                                                            ^H 

digestion  of.  709 
in  stomach,  *M> 

of  hl<K>d,  596                                                    ^^H 

pressure  of,  599                                                ^^H 

excessive  formation  of,  in  obesity. 

tension  of,  in  solution«  601                        ^^M 

799 

Gafi-puinp,  597                                               ^H 

in  bile,  727 

Gastric  glands,  683                                          ^H 

metalxflism  of,   in   ttoUy,  797 

histological  chajiges  in,  duxiDg            ^^M 

nutritive  value  of,  796' 

M*cri>tion,  &S4                                         ^^H 

of  chyle,  715 

secretory  nerves  of,  688                           ^^H 

origin  of.  from  carliohyd rates,  798 

secretion,  acid  of,  687                                ^^H 

in  body.  797 

coni[X)8ition  of,  (585                                 ^^H 

Fatigue,  in  iierve  fibers.  110 

cune  of,  &S9                                                ^H 

muscular,  47 

means  of  obtaining,  685                         ^^f 

of  olfaclorv  organs.  279 

normal  mechanism  of.  689                     ^^H 

thwries  nf.  66 

Gelatin,  nutritive  value  of,  791                      ^^f 

Feces.  conifKwition  of,  720 

Genital  organs,  vasomotor  supply  of^            ^^H 

FemientAtion  in  intestine,  718 

562                                                                   ^H 

of   CHrl»ohvdrates    in    small    intes- 

Germ plasm,  definition  of,  872                          ^^H 

tine,  714 

Globin.  389                                                            ^H 

Ferments,  hisUirical  account  of,  667 

Gtobulicidal  action  of  blood-scrum,             ^^| 

Fertilization  of  ovum.  H50 

387                                                                   ^M 

Fibrillary  contractions  of  heart,  495 

Globulins,  general  pmpertif«»  of.  878             ^^M 

Fibrin    factors,  417 

Glomerulus  of  kidney,  functions  of,            ^^M 

ferment,  preparation  of,  416 

744                                                                   ^M 

globulin,  413,  419 

Glossophan'ngeal  nerve,  dilator  fiben            ^^M 

relations  lo  bln«)d-clot,  414 

in.  545                                                     ^H 

^^^^'          894                                                             TNDEX.                                                    ^^^^^H 

^^^H         GlOBBOpharyngeal  nerve,  nucleus  of. 

Heart,  effect  of   occlusion  of  ooro-      1 

^^m       220 

naries  upon,  494                               1 

^^^1          Gluooproteids,  880 

of  pot£is»iuni  upon,  501                      fl 

^^^H         Glucxisamin.  875 

of  sodium  upon,  501                          H 
escape  from  in  libition.  517                  H 

^^^B         Oliitaminic  acid,  706,  874 

^^^m          Glutotin,  411 

events  of  a  cardiac  cycle,  488              ^t 

^^^H          Glycocholic  acid,  725 

fibrillar^'  contractions,  495            ^^^M 

^^H          Glyoricoll.  7Uf).  725.  874 

inhibition  of  auricle,  515                ^^^| 

^^^^1          Glycogen,  amount   of,   in   liver,   732 

of  ventricle,  516                            ^^^H 

^^^H              cliscovery  of,  731 

intraventricular  systole,  4S4         ^^^| 

^^^H               glycogenic  thoory,  734 

intrin.oic  ner\-es  of,  496                  ^^H 

^^^H              importance  of,   ui   embryo,   853 

maximal  contractions  of,  504 

^^^1              in  muscle,  59,  7.36 

musculature  of,  478 

^^^H              \o8a  of,  during  mu^sculur  oontrac- 

myogenic  theorj'  of  l)eal  of.  498 

^^^H 

negative  pressure  in,  493 

^^^^1              metntiolisni  of,  in  l>ody,  794 

neurogenic  theory  of  beat  of.  497 

^^^H             origin  of,  732 

rate  of  beat  as  aftecl  ed  by  age.  526 

^^^H             supply  of,  in  body,  793 
^^^H         Glyco  y»is  of  sugars  in  body,  782 

by  blood-pressuns  527 

by  extrinsic  nerves,  527 

^^^H         GlycoBuria.  733 

by   muscular  exercise.  528 

^^^^1              alimentary,  714 

by  sex,  526 

^^^H         Glycvlglycin,  875 

^^^H         Gmelin'fl  reaction  for  bile  pigments, 

by  size,  526 

by  temperature,  529 

^^H 

reflex  acceWation  of  beat,  524 

^^^H         Golgi  »  nerve  celU,  second  type,  126 

refractory'  period  of.  504 
sequence' of  beat  of.  496,  507 

^^^H              poricfllttlar  nerve  net,  127 

^^^^H          Goll,  column  of,  162 

sounds  of,  485                                     ^_ 

^^H          Gower»V  tract,   164 

suction-pump  action  of,  492           ^^^| 

^^H         Graafian  foUicle,  Btructure    of,    839 

systole  and  diastole  of.  477          ^^^| 

^^^^1          Gram-moleculxir  Bolution,  883 

time  relations  of,  489               ^^^B 

^^H         Growth. 

systolic  plateau  of  l>eat,  485           ^^H 

^^^H         Guiinase,  6&4 

tbeories  of  inhibition  of,  520         ^^H 

^^^H          Gunnin,  61,  757 

tonic  inhibition  of,  518                            H 

^^^H         Guddeu'e  commissure,  201 

tonicity  of  muscle  of.  510             ^^^t 

vasnmot(*r8  of.  550                           ^^^B 

ventricle  of,  in  systole,  481          ^^^| 

^^^H         Harmony,    physiological    cause    of. 

work  done  by,  489                          ^^H 

^^H 

Heart-block,  508                                  ^^M 

^^^H         Hearing,  cortical  center  of,  198 

Heart-muscle,  general  properties  of,       V 

^^H              limits  of,  370 

54                                                             ■ 

^^^H         Heart,    accelerator   center   for,    525 

Heat  centers,  830                                           ■ 

^^^H                 nerves  of.  522 

equivalent  of  foodstuffs.  815                   H 

^^^^B              action  current  of,  480 

loss  of,  physiological  regulation  of,        1 

^^^^H                  of  inlubitor>'  nerves,  512 

828                                                              ■ 

^^^B^             analysis  of   inhibition,  514 

nerves,  830                                      .^^| 

^m                    apex  beat  of,  482 

production,   physiological    rcgulli^^H 

^m                      automaticity  of,  500 

tion  of,  829                                   ^^H 

capacity  of  ventricles  of,  489 

puncture.  832                                        ■ 

cardiac  nenes  of,  course,  512 

regulation,   general   stateoaent  of,        H 

cardiogram,  482 

828                                                                 ■ 

cardio-inhihitory  center  of,  517 

rigor  of  muscle.  51                               H 

causation  of  beat,  503 

sexunl,  in  lower  animals.  842              S 

change    in    form    of    ventricle   in 

Helinholtz  theory'  of  crdor  Wsion.  331         ■ 

systole,  481 

Helweg's  bundle,  spinal  oord,  170          M 

compensatory  pause  of,  506 

Hemutin,  389,  399                                      ■ 

contraction  wave  in,  479 

Hematoidin,  724                                      ^^B 

coronary  circulation  in,  491 

Hematopoietic  tissue,  402                  ^^H 

course  of  cardiac  ner\'e8,  612 

Hematonorphyrin,  400                        ^^H 
Hemoralopia  (night-blindness),  331  ^^B 

depressor  ner\c  of.  543 

diastole  and  systole  of.  477 

Hcmiii.  399                                                  ■ 

time  relations  of,  4S9 

Hemipeptone.  705                               ^^^t 

effect  of  calcium  upon.  501 

Hemiplegia,   1S6                                     ^^H 

^^^^^^^^^^^^^^^^^INDKX^^^^^^^^^^^^^  ^^^^^^^H 

Hemochrotnogen.  380,  400 

Infundibular  body.  778                                    ^H 

Uem(Hlrnmograj)h.  437 
Hemoglobin*  absorption  epeclra  of, 

lidijliiiioi),    escape    from,    in    heart,              ^^M 

517                                                                ^H 

394 

of  heart.  513,  527                                          ^M 

compounds  of,  with  carbon  dioxid, 

of  knoe-jerk,  147                                           ^^1 

392 

of  reflexes,  139                                              ^^H 

with  carlwn  monoxid,  391 

of  respiratory  movements,  616                    ^^|' 

with  nitric  oxiil.  392 

reflex  of  tieurt.  517                                         ^^|' 

with  oxygen,  391 

theories  of.  520                                                 ^^H 

condition  "of.  in  corpuscles,  385 

Inotropic  nerves^  to  heart,  516                        ^^H 

cnstalfl  of.  393 

Insniralion  (see  afeo  Respiration)                  ^^H 
definition  of,  571                                           ^^H 

cur\'e  of  dissociation  of  oxyhemo- 

globin, 603 

increuhed  ht'^trt-rute  during,  501                  ^^U 

derivative  compounds  of,  398 

means  of  producing,  572                              ^^H 

iron  in,  392 

muscles  of,  574                                                  ^^H 

nature  and  amount  of,  389 

Inspired  air,  c(»mposition  of.  592                    ^^f 

Hemolysins,    natural   and   acquired. 

Internal  secretion,  adrenals.  775                      ^^M 

387 

detinttion  and  historical  account,               ^^M 

Hemolysis.  385 

^M 

Hemorrhage,  effect  of,  425 

kidney,  782                                                 ^H 

Heredity,  definition  and  history,  866 

liver,  771                                                      ^^M 

Hering  theor>'  of  color  vision,  333 

ovary,  779                                                      ^H 

Heterophoria,  340 

pancreas,  780                                           ^^M 

Hexon  baaos.  863 

testis.  778                                                    ^H 

Hippuric  acid.  769 

thyroid  tissues,  772                                   ^^U 

Histidin,  707,  874 

^ensationn,  256                                                ^^H 

Histohematins.  400 

Intestinal      movements,      effect      of               ^^H 

Histons,  863,  879 

various  conditions  upon,  648                  ^^B 

effect  of,  on  coagulation  of  blood, 

secretion,  710                                                     ^^f 

421 

Intestines,  bacterial  actinn  in,  718                  ^^| 

Hofacker-Sadler  law,  869 

large,  movements  of,  648                             ^^M 

Homoioihermous  animals^  821 

ner\'ous  control  of  movemenU  of,              ^^M 

Homolatpral  conduction  in  cord,  166 

^M 

Horopter.  343 

reaction  of  contents  of,  718                          ^^M 

Hunger,  sem*  of.  267 

sinnll,  movements  of.  644                              ^^H 

Hydrocele  liquid,  411 

Intracellular  enzymes,  835                                 ^^M 

Hydrochloric 4icid,  function  of.in  pep- 

Intracranial preHMiirt*  556                                   ^^H 

tic  digestion,  093 

Intrapulmoiiic  prvs»ure,  583                              ^^M 

in  gastric  juice,  687 

Intrathoracic  pressure,  584                             ^^M 

Hydrolysis,  662 

origin  of,  586                                              ^^M 

Hydrostatic  factor  in  circulation,  405 

variations  of,  with  forced  breath-               ^^H 

Hypermetropia.  296 

ing.  585                                                    ^H 

Hyperpnea,  622 

Intraventricular  pressure.  484                         ^^H 

Hypertonic  solutions.  885 

Introductory  contractions  of  muscle,               ^^| 

Hypnotic  sleep.  248 

^H 

Hypoglossal  nerve,  nucleus  of,  230 

Invertase,  654,  711                                               ^^1 

Hypophysis  cerebri,  778 

in  stomach,  697                                                ^^U 

Hypotonic  solutions,  885 

Involuntary  muscle,  52                                    ^^U 

Hypoxanlhin,  61,  756 

lodothyrin^  773                                                  ^^K 

Iris,  action  of  drugs  upon,  303                            ^^H 

antagonistic  actionof  muscles  upon,              ^^| 

Identical  points  of  retina,  340 

304                                                                ^M 

Identity   theory    of    ner>e    impulse, 

musclefl  and  nerves  of.  299                              ^^H 

115 

Iron  in  hemoglobin,  392                                  ^^H 

Immune  lx>dy,  388 

salts,  source  and  nutritive  import              ^^M 

Indican,  760 

t^nce  of.  803                                                  ^H 

Indirect  calorimetry.  827 

Irritability,  definition  of,  22                            ^^M 

field  of  vision,  eye,  313 

of  muscle.  22                                                  ^^M 

Indol  group  in  proteid  molecule,  706 

of  ner\*e  fibers,  80                                             ^^B 

Indoxyl  sulphuric  acid,  719.  760 

Isodvnamic  etiuivalent  of  foodstuffs.                      I 

Induction  coil,  23 

817                                                                     ^ 

Inert  layer  in  circulation,  435 

Isometric  muscular  contractions,  27              ^^H 

^K  f 

896        ^^^^^^^^^^^n?DE2C^^^^^^^^^^^^^^^^^H 

^^^ 

Isotonic   muficulur   contractions,   27 

Lipa.<e,  reversible  reaction  of,  860 

^^^^p 

aotutioiLs,  definition  of,  SH5 

Lir*tiiig's  law,  339 

H 

iBOtropoufi  substance  in  muscle,  19 

schematic  eye,  286 
Liver,  bile-pigments  of,  724 
acids  of,  725 

^^^^1 

Jacobson,  ner\e  of,  666 

defensive  action  of,  in  eoagulatioD, 

^^^^1 

Judgnient.s,   visual,  of  distance  aad 

420 

^^^^H 

size,  349 

formation  of  urea  in,  737 

H 

■ .  "'—"•—-= 

glycogen  of,  731 
|;lycogenic  action  of.  734 
nUernal  secretion  of,  771 

^^^^v 

Kidney,  action  of  diuretics  on,  74S 

pulse,  476 

^^^H 

blood-flow  through,  749 

quantity  of  bile,  722 

^^^^H 

composition  of  secretion  of  (urine), 

secretion  of  bile,  727                            " 

^^^^H 

751 

Localiiationof  function  incerebelluxn, 

^^^^1 

function  of  convoluted  tubules,  746 

224                                                  - 

^^^^H 

of  Blonierulu.s,  744 

in  cerebrum,  179                             ■ 

^^^^1 

internal  secretion  of,  782 

LocaHzing  power  of  skin,  260          ^^H 

^^^^B 

secretion  of  urine  in,  742 

Locke'M  solution,  502                        ^^H 

^^^^H 

Structure  of,  741 

Locomotor  ataxia,  163                     ^^H 

^^^H 

Kjeldahl's  method  for  determination 

Ludwig's  theon'  of  urinary  •ecretion, 

^^^^B 

of  nitrogen,  752,  7.S4 

743 

^^^^H 

Knee-jerk,     conditions     iufluendng, 

Luminosiry  of  visual  sensations.  819 

^^^^B 

149 

Ltings.  gaseous  exchunges  in,  fiifM 

^^^^H 

definition  of,   146 

vasomotor?  of.  551 

^^^^H 

explajiation  of,  148 

Lu.vus  consuinpiion,  7S8 

^^^^1 

reinforcement  of,  146 

Lymph,  action  of  lymphagogues,  430 

H 

use  of,  AS  dio^oslic  sign,  150 

circulation  of,  504 
formation  of,  427 
summary  of  factors  concerned  in 

^^^^1 

Labor,  physiology  of,  854 

formation  of.  432 

^^^^1 

Lactic  aci(f  in  muscle,  00 

Lymphocytes,  404 

^^H 

increase  of,  during  contractjon, 
64 
Laked  blood,  385 

Lysin,  707,  874 

^^H 

H 

^^^^B 

Langerhans.  islands  of,  781 

Maltase.  662,  664                           ^^V 

^^^H 

Large  intentine,  digestion  and  absorp- 

Mammary   glands,   effect   of  uterttt      V 

^^^^H 

tion  of  food  in,  717 

upon.  856                                        ■ 

^^^^B 

Lar>'nx,  reflex  effects  from,  on  respi- 

structure and  functions.  855        fl 

^^^^H 

rations.  617 

Manonteter.  Fick's  spring,  44S               H 

^^^^B 

Latent   period  of  nuiscular  contrac- 
tion, 26 

nUrthleV,  448                                           ■ 

^^^^p 

maximum  and  minimum.  449              1 

^^^^" 

Lecithin,  727 

use  of,  for  determining  blood-pres-      H 

^V 

Lemniscus,  lateral,  200 

Hure,  443                                                 ■ 

^^^^ 

median,  190 

Mast   cells,  404                                           ■ 

^^^^^ 

Leucin,  706,  S74 

Masticiition.  634                                           ■ 

^^^^P 

Leucocytes,    effect     of    hemorrhage 

Mathematical  perspective,  345          ^^H 

^^^^ 

upcm,  425 

Mean  blood-pressure,  44C                ^^H 

^H 

ftmctions  of,  405 

Medulla  oblongata.  225                     ^^B 

^B 

in  forn»ation  of  thrombin,  417 

respiratory  center  in,  610          ^\ 

^H 

structure  and  chuvsification,  404 

Medullar>'  striu'.  201 

^" 

varintions  in  number  of,  405 

MeninKCJil  spaces.  554 

Leuc<^inuclein,      effect     upon      blood 

Menstruation,  841 

coagulation,  421 

etfect  of,  on  other  functions,  845 

Liebennaim  s  reaction   for  proteids. 

physiologieaJ  significance  of,  S45 

877 

Mercur>'  manometer,  use  of,  for  blood- 

Liebig's   classification  of  foodstuffs, 

pressures,  443 

800 

Metabolism,  definition  of,  783 

Light-reflex  in  eye,  301 

Methemoglol)iii,  398 

Lipase.  662 

Micturition,  physiology  of,  761 

111  pancreatic  secretion,  709 

Milk,  composition  of,  858 

in  stomach,  697 

Millon's  reaction  for  proteids,  877 

B 
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Minimal  air,  580 

Muscle,  DPoteids  of,  57 
sarooplasm.  18 
simp  e  contraction  of,  24 

Miosis,  definition  of.  303 

Muli^ch  reaction  for  prot^ids,  877 

Monnkow's  bundle,   HJ9 

st.nicture  of  fiber,  18 

Motor  nphiwia.  '2i\5 

by  polarized  light,  19 

areas  of  briiin,   I.S3 

summation  of  contractions  of.  39 
theories  of  nature  of  contraction, 

paths  in  spinal  cord,  167,  169 

points  in  man,  S.S 

68 

Mountain  sicknc^sB,  629 

tone  of,  during  contraction,  41 

Movements  of  alimentary  canal,  defe- 

tonicity of.  48 

cation,  650 

vasomotor  supply  of,  563 

deglutition.  &34 

voluntary  contractions  of,  43 

large  intestine,  648 

white  and  red  fibers  of.  30 

mastication.  634 

Muscle-sense.  cortiaU  area  for.  189 

small  intestine,  644 

diHtribution  and  characteristics  of. 

stomach,  040 

26,5 

vomiting,  651 

importance    of,    in    visual    judg- 

Mucin in  saliva,  660 

ment.  346 

Muscarin,  action  of,  on  heart,  520 

paths  for,  in  spinal  cord,  163,  164, 

on  iris.  303 

165 

on  sweat  glands,  768 

quality  of.  266 

Muscle,  ahsolutc  power  of,  36 

Muscular  insufluiency  in  movementa                   | 

action  current  of»  96 

of  eyeballs.  339 

artificiul  stimulation  of.  23 

work,  effect  of,  on  heart  rate.  528 

carl>oliy(irrt(<'s  of,  59 

on     physiological     oxidations, 

carrtiiit',  prftpf^riica  of,  54 

S09 

chenxie-il    chiiuj^es   of,    in    contrac- 

on proteid  metabolism.  810 

tion,  02 

on     respiratory     movementa, 

oomfMifiiiion  of.  57 

6'27 

compound  cf)ntractionB  of,  30 

source  of  energy  in,  811 

contraction  of,  26 

Musical    sounds,    classificatiua    and 

contraction  wave  of,  33 

pn)[>erties  of,  362 

contractxire  of,  3.'? 

Mydriasis,  definition  of.  303 

cur\*e  of  work  of,  36 

Myelin  sthonth  of  nen'c  fibers,  func- 

death  rigor,  49 

'tion  of,  73 

dejnareation  current  of,  91 

Myehmzalion  method  of  Flechsig,  210 

direct  irritiihilitv  of,  22 

Myogen,  58 

disappearance  of  glycogen  in,  63 

fibrin.  58 

effect  of  leinfK^rnture  upon.  28 

Myogenic  theory  of  heart  beat.  498 

of  vcratrin  upon,  30 
energv  lil>eraleJ  in,  34 
En^elinann's  urtihciiil,  G(» 

Myohematin.  400 

Myopia,  295                                                            J 

Myosin,  58 

enzymes  of,  Gl 

fibrin.  58 

ergftgruphic  records  from,  45 

Myxedema.  773 

extensihility  and  plasticity  of,  19 

fatigue  of,  33.  47,  66 

glycogen  of,  736 
peat  rigor  of.  49 

Narcosis,  effect  of,  upon  nen'e  im- 

pulse. 109 

inorganic  nalts  of,  62 

Near  point  of  distinct  vision,  202 

introductory-  contractions  of,  33 

Negative  prc^^urc  in  thorax,  5JS4,  58& 

isotonic    and     isometric    contrac- 

in ventricle,  493 

tions  of,  27 

variation  in  muscle  and  ner\'e.  96. 

lactic  acid  of,  64 

98 

latent  period  of  contraction  of.  26 

Nerve,  abducens,  nucleus  of,  2J9 

maximal  and  fiuhmaxima!  contrac* 

auditory.  190 

tions  of,  27 

chorda  tympani,  270,  667 

nitrogenous  extractives  of,  61 

facial,  nucleus  of.  229 

number   of   stimuli   necessary   for 

fourth  cranial,   nucleus  of,  227 

1               tetanufl,  42 

glossopharyngoAl,   nurleus  of,  229 
nypogiossal.  nucleus  of,  '230 

1          pigments  of,  61 

1          plain,  52 

motor  and  sensory  roots  of.  77 

1          plasma,   IN.  57 

olfactor\'.  2a3 

r 

! 

^^^V       898                                       ii<n7EX.                                           ^^^1 

^^H         Nene,  optic.  104 

Ner\i  eri^entefl.  236.  545                         ■ 
Neurogenic  theory  of  heart  beat,  497        ■ 

^^^H             recurrent    sensibility   of     anterior 

^^^H 

Neuron  doctrine,  122                                  1 

^^^H             epinAl  accessory,  nucleus  of.  230 
^^^H              third  crHiiial,  nucleus  of,  226 

Neurt)ns,  varieties  of,  124                        M 

Nicotin,  action  of,  on  salivary  seci«g^^| 

^^^H              trigeminal,  nucleus  of,  227 

tion,  676                                    ^^M 

^^^H             twelfth  cranial,  nuclpua  of,  230 

on  sweat  secretion,  768              ^^M 

^^^H              vaguH,  nucleus  of,  229 

use  of,  in  tracing  autonomic  fibera^^H 

^^^H         Nerve-cell,  cUromatolysis  of,  121 

233                                                 ^" 

^^^H                classification  of,  in  spinal  cord, 

Night-blindness,  hemeralopia,  331 

^^^k 

Ninth  cranial  ner\e,  nucleus  of,  229 

^^^^^H           degenerative  changes  in.   120 

Nissrs  granules,   127 

^^^^^1          general  physiology  of.   128 

Nitric  oxid   hemoglobin.   392 

^^^^^^H          internal  stnicture  of,  126 

Nitrogen,  condition  of,  in  blood,  602 

^^^^^^H           metubolism  in,  129 

determination  of,  7S4 

^^^^^H          neuron  doctrine,  122 

equihbriura,  783 

^^^^^^H                                 129 

effect   of   non-proteid   food  on, 

^^^^^H           refractory  period  of,  132 

786 

^^^^^H          summation  of  stinmli  in,  130 

excretion  in  urine.  752 

^^^^^K          varieties  of. 

Nitrogenous  extractives  of  muscle,  61 
Nodal  point  of  eye,  286 
Non-poiarizuble  electrodes,  05                 | 

^^^V         Nerve-fibers,  action  current  of,  96 

^^^H                 afferenL  and  eHen^iit,  75 

^^^H                 anodal    and    cathodal    stlmula- 

Normoblasts,  402                                 ^^fl 

^^^H 

Nucleo-aU>umin,    general    propertifl^^^B 

^^^^H                 anlidniniic  impulses  in,  7S 
^^^H                 artificial  stimuli  of,  SO 

of.  S7S                                               I^H 

727                                        ^^H 

^^^^L^            clii»4tKcution  of,  75 

Nucleon,  60                                              ^^H 

^^^^^^H            core  model          10 

Nucleoproteids,  880                             ^^H 
in  blood,  414                                    ^^H 

^^^^^^^          degeneration    and    regeneration 

^^V 

^^^H 

^^^H                demarcation  current  of,  91 

^^^^ 

^^^H                 direction  of  conduction.  107 

Obebitv.  physiological  caiute  of,  799  ^^B 

^^^^1                  du  Qois-Revmond's  law  of  stim- 

Ohm's  law  of  composition  of  sound        1 

^^^B 

waveif.  365                                                U 

^^^H                electrical  stimulation  of,  in  nuiin 

Olfaction,  end-organ  for,  275                  1 

^^^^m. 

mechanism  of,  276                            ^^^H 

^^^^^^B           elect n>tonic  currents  of.  101 

Olfactometer,  280                                ^^H 

^^^^^H          eleclrotonuH         S3 

t  )Ifactor\*  Associations.  281                   ^^H 

^^^^V                 impulfte  in,  hiBtorieal.  104 
^^^H                  independent  irritahihty  of,  80 

ludb,  nistolfigical  structure  of,  202        V 

center  in  cortex,  202                               1 

^^^H                 metabolinm  in,  during  activity, 

nene,  course  of  fibers  of,  in  brain,        | 

^^H 

203                                                       ■ 

^^^B                  myelin  .Mheath  of,  73 

organs,  fatigue  of,  279                            ■ 

^^^H                nutritive     relations     to     nene 

sensations,  ehusihcation  of,  278          H 

^^■^                                 116 

conflict  of,  2sl                              ^^H 

^m                        opening    and     closing     tetanus 

ciualities  of,  277                             ^^H 
threshold  stimulus,  280               ^^H 

■                            of,  86 

^H                        Pfliiger's  law  of  stimulation  of, 

sense  celU.  276                                 ^^H 

■                            ^ 

stimuli,  nature  of,  277                   ^^^| 

^M                       stimulation  of,  in  man,  86 

Oncometer.  749                                     ^^^| 

^P                          Btnicture  of,  73 

Ophthalmoscope.  305                          ^^H 

unipolar  method  of  stimulating. 

Opotherapy,  771                                       ^^H 

87 

Optic  ctiia^nia.  decussation  in,  195          H 

Ner\*e-imnul8o.  historical,  104 
metabolism  during.   Ill 

structure  of,  194                                   ■ 

nen'e,  course  of  fil>er8  of,  in  brain,        ■ 

modification  of,  by  various  in- 

193                                                         ■ 

fluences.  109 

radiation.  193                                 ^^M 

quahtattvp  changes  in,  76,    115 

thalamus,  fiuctions  of,  214          ^^H 

relation    of,  lo    action   current. 

in  vision,  197                            ^^^| 

100.  107 

tractj).  structure  of,  195                ^^H 

theories  of.  113 

Optical  deceptions.  350                      ^^H 

velocity  of,  105 

Optograms  on  retina,  311                  ^^H 

u           L.                   J 

^^^^^J 

^^^M 

i^^HH 

^                                                                    ^^^^f           899        ^H 

Oemoeis,  de^nition  of,  881 

Peptone,  absorption  of,   in  stomach,            ^^| 

Osmotic  pressure,  definition  of,  882 

699                                                                  ^M 

deternunation  of,  SK3 

effect  on  clotting  of  blood,  423               ^^M 

of  blood,  386 

henii-  and  anti-.  705                                      ^^| 

Oval  field  of  Fl«:hsig.   169 

Peplozym,  423                                                    ^H 

Ovaries,  ialerual  uecreiion  of,  779 

Penoardial  liquid*  410                                    ^^U 

relation  of,  to  meiwt  ruation,  843 

Peninaler  312                                                     ^H 

Overtonee,  production  of,  3(>4 
Ovulttlion.  S40,  844 

Peripheral  field  of  vision,  313                        ^^| 

resistance  in  circulation,  462                     ^^| 

1        Ovum,  fortilixation  of.  KSO 

PeristaL<ris.  644                                                     ^M 

L           impiantalion  of,  in  uterus,  851 

1          nitituration  of,  847 

r          piuwage  of,  into  uterus,  846 

Pemxidasefl,  836                                                 ^H 

Perspiration   (see  Sweat)                                  ^^| 

Pottenkofer's  reaction,  725                          ^H 

Oxalate  aolutions,  effect  of,  on  coagu- 

PHugcr law  of  stimulation,  84                       ^^H 

lation.  422 

tetiuiua,   86                                                           ^H 

Oxidaaefl,  662.  836 

Phagocytes,  405                                                ^^ 

Oxidations,  theories  of.  833 

rhenolsulphuric  ncid,  719.  760                             J 

Oxygen,    action    of.    on    respiratory 

PlK-iivluIiii)iii,  706,  874                                      ^J 

center,  (J2<) 

riiloriiUin  duibetc3,  734.  796                        ^H 

compound    uf.    with    hemoglobin. 

Fhosphtjcaniic  acid.  60                                     ^^M 

391 

Phrenology.   IHO                                                  ^H 

condition  of,  in  blood,  603 

ritysiolo^ical  diplopia,  342                             ^^M 

effects  of,  on  muscular  irritability, 

oxidations,  theories  of.  820.  833                ^^M 

03 

Lavoisier's  work.  569                               ^^M 

varying  pressures  of.  on  respira- 
tion. 628 

pnint  (vision),  315                                    ^^| 

saline,  386,  426                                            ^M 

tension  of,  in  alveolar  uir,  607 

Physostigmin,  action  of,  on  iris,  303            ^^H 

in  tissues,  60K 

Pilocarpin,  action  of,  on  heart,  520              ^^| 

in  venous  blood,  607 

on  iris.  303                                               ^H 

Oxyhemoglobin,  391 

on  salivary  glands,  676                           ^^M 

on  sweat  glands,  768                              ^H 

Pituitary  l>ody,  structure  and  funo-            ^H 

Paccbionian  bodies  of  brain,  554 

tions  of,  777                                                    ^^M 

Pain   sense    distribution   and   char- 

Placenta, functions  of,  852                            ^H 

acteristics  of.  262 

Plain  muscle.  52                                              ^^M 

localization  of,  263 

Pla-sma  of  bfood,  composition  of,  408            ^^U 

path  for,  in  oord,  163,  165 

Plethysmography.  533                                       ^H 

Pancreas,  actiot]  of  lipase  in,  709 

Pneumogastric  ner^-e  (see  Vagus)                 ^^M 

anatomy  of,  700 

curve  o   secretion  of,  702 

Pneumograph.  577                                              ^H 

Pneuinottmrax,  587                                            ^^M 

digestive  action  of  secretion,  705 

Poikiluthennous  animal*.  821                        ^^M 

on  cariwhydratoB,  705 

Polar  lio<liee  of  ovum,  848                             ^^B 

internal  secretion  of,  7S0 

Polypeptid.  708                                                ^H 

normal  meclwuiiiiin  of  secretion,  703 

Positive  electrical  variation  in  heart.           ^H 

secret<ir\-  nervea  of.  701 

^m 

Paraglobulin,  411 

Posterior  columns,  descending  tracta           ^^| 

Paralysis  (motor),  185 

of.  169                                                   ^H 

Paraljiic  secretion  (saliva),  677 

tracts  of,  161                                           ^H 

Parapeptone,  693 

root,  termination  in  cord,  160                    ^^M 

Parathyroid,  structure  and  function 

cells  of,  origin  of,  78                              ^^M 

of.  772 

Postganglionic  ner\'c  fit^re,  232                    ^^M 

Parthenogenwis.  851,  870 

Potassium  phosphate  in  muscle,  65               ^^M 
salt^.  action  of,  on  heart,  501                    ^^M 

Parturition,  physiology  of,  854 
Pendular  moveinenla  (intetrtine),  646 

Potential  energy  of  food.  814                         ^^M 

sound  waves,  363 

Precipitins,  876                                                   ^H 

Pepsin,  664 

disrovery  of.  657 

I'redicrotic  pulse  wave,  474                         ^^M 

Preganglionic  ner\'e  fibers,  232                          1 

properties  of,  691 

Pregnancy,  changes  in,  K54                                  | 

Pepsin-hydrochloric    acid    digvstion, 

Prepvraniidal  tracts,  169 

Presbyopia,  292.  297 

1         Peptids,  708,  875 

Pressor  ner^•e  fif>ere,  540 

1        Peptone,  693,  879 

ProBBUrc  of  gases  in  solution,  601 

■ 
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^H 

Pressure  sense,   distribution   of,   256 

Reactions  for  prot«id6,  875             ^^^| 

^^^H 

loctilizing  power,  et^.,  260 

Gmelin's,  724                                    ^^B 

^^^H 

Primary  proteoses,  693 

of  blood,  382                                            ■ 

^^^H 

Principal  axia  of  lenB,  284 
focal  distance,  283.  286 

of  contents  of  small  intevtine,  718  ^^fl 

^^^H 

of  urine,  751                                      ^^H 

^^^H 

Projection  system  of  fibers  (brain), 

Pettenkofer's,  725                             ^H 

^^^H 

173 

Reeurrent  sensibility  of  anterior  root^ 

^^^H 

Propeptonc,  693 

77 

^^^H 

Prostate  gland,  861 

Red  blood-corpuscles,  chemical  com- 

^^^H 

ProtalJjimioses,  69,^ 

position  of,  409 

^^^H 

Protaniins.  862,  879 

condition  of  hemoglobin  In,  385 

^^^H 

Proteids,  absorption  of,  in  intestine, 

effect  of  hemorrhage  Ufxin,  425 

^^^H 

716 

hemolysis  of,  385 

^^^^L 

as  glycogon-fonncrs,  733 

influence  of  spleen  upon,  738 

^^^^H 

tlaasificution  of,  S77 

number  and  size  of,  384 

^^^^H 

definition  and  structure  of,  874 

ori^n  and  fate  of,  401 
variations  in  number  of,  402 

^^^^1 

diffusion  of,  8S6 

^^^^H 

excretion  of  nitrogen  of,  752 

Reduced  hemoglobin,  391 

^^^^1 

general  ri'acliona  of,  875                   | 

schematic  eye,  286 

^^^^B 

in  blood-pla*m»,  *ll(l,  413 

Reflex  actions,  axon  reflexes,  142 

^^^^1 

neoeesoTfr'  amount  of,  in  diet,  788 

classification  of.   136 

^^^^H 

normal  nietalxjlisni  in  body,  790 

definition  and  historical.  133 

^^^^H 

nutritive  history  of,  787 

from  parts  of  brain.  142 

^^^^H 

of  niUHcle,  57 

influence  of  condition  of  ooni  od, 

^^^^H 

osmotic  ^^ressure  of,  885 

141 

^^^^P 

putrpfnction  of.  in  large  intestine, 

of  sensory  endings  upon,  138 

^^^^™ 

719 

inhibition  of,   139                            ^h 

^V 

Proteolytic  enzymes,  062 

of  heart  through,  517              ^^^| 

^H 

ProterjspH.  pfiieral  properties  of,  879 

knee-jerk,   146                                  ^^B 

^H 

Protlironibin»  4 IS 

of  erection  and  ejaculation,  864        V 

^H 

Proximate  prinriples  of  food,  654 

of  respirator}*  center,  612                  1 

^H 

Ptevohoplivsical  law,  253 

of  vasomotor  nerves,  540                  H 

^K 

Ptyalin,  6m 

preparation  of  reflex  frog,  135            H 

^^^^a 

action  of,  in  Klomach,  697 

reflex  arc,  133                                       ■ 

^^^^P 

digtwlive  action  of,  679 

effect  of  various  conditions  upon, 

respiratory,  from  nnae,  larynx,        H 

^^^^^ 

and  phar>'nx,  617                              H 

^V 

681 

eipecial  and  deep  reflexes  of  cord.        ■ 

^H 

Puberty.  841.  S60 

151                                                 ^M 

^1 

Pulmonary   arteries,   vasomotors  of. 

spiiini  reflexes,  135.  138                ^^H 
t  ieor>'  of,  137                               ^^^| 

^^^^ 

551 

^^^^L 

circulation,  peculiarities  of,  467 

tliroxfgh  peripheral  ganglia,  142 

^^^^B 

variations  of  pressure  in,  468 

through  vasodilator  nerves,  546 

^^^^m 

Pulse,  anacrotic  waves  of,  475 

time  of,  139 

^^^H 

catacrotic  waves  of,  474 

Tiirck's    method    of    studving. 

^^^^L 

form  of  wa%e,  472 

141 

^^^^H 

general  statement,  469 

Refractive  power  of  eye.  293 

^^^^H 

varieties  of,  in  health  and  disease. 

Refractory  period  of  heart  beat,  504 

^^^^P 

476 

of  nerve  cell,  132 

^^^H 

velocity  of,  propagation  of,  470 

Regeneration  in  ner>'e  fibers,  118 

^^^^H 

venous,  475 

of  parts  of  body.  N6S 

^^^^p 

Pulse-pressure.  446 

Reinforcement  of  knee-kick,  146 

^V 

Purin   bases,  61.  739,  756,  863 

Rennin,  605 

Purkinje,  images  of.  290 

of  kidney,  782 

^ 

phenomenon,  319 

Reproduction,  changes  during  pfQi^^^^| 

Put  n-f action  in  intestines,  719 

nancy.  S54                                   ^^^H 

Pyloric  pla-nds  of  stomach.  683 

in  uteriis  in  menstruation,  842    ^^H 

secretion  of,  692 

chemi-str>'  of  spermatozoa,  862               ^M 

Pyramidal  tract  in  brain,   184 

determination  of  wex,  868                ^^^B 

in  spinal  cord.  167 

erection,  863                                      ^^H 

Pyrrol  compounds  in  proteid  mole- 

fertilization of  ovum,  850               ^^H 

cule.  70<5 

functions  of  placenta,  852             ^^^H 

Pyrrolidin-carbonic  acid.  706,  874 

genera)  statements,  838                 ^^H 

^    ^     m 

^^^^^^1 

^H^P^f              ^^^^B                                                                                         ^^1 

Reprod  action ,  growth  and  seneecencc. 

Respiration,  methods  of   recording,            ^^M 

871 

577                                                               ^H 

heredity,  866 

miniiTial  air,  580                                             ^^M 

implantation  of  ovum,  S51 

modified    respiratory    movementa«             ^^H 

mamnjary  glands,  855 

633                                                                         T 

mentitruation,  841 

mountain  sickness,  629                                 ^^1 

nutrition  of  embryo,  852 

muscles  of  expiration,  574                              ^^H 

ovulation,  840.  844 

of  inftpiration,  574                                     ^^H 

parlurition,  854 

negative  pres^surc  in  thorax,  584                 ^^M 

pmporties  of  apcrmatozoa,  860 

normal  siiiiiulus  of.  619                                    ^^H 

relation   of  ovaries    tu   iiienHtrua- 

vetililution  of  alveoli,  581                         ^^M 

tion,  843 

of  swallowing,  636                                        ^^M 

structure  and  functions  of  corpus 

origin     of     negative     pressure     in              ^^M 
thorax.  5S6                                                    ^H 

lutcuin.  840 

of  Ciraaliun  follicles,  839 

physical  theory  of.  606                                ^^M 

Residual  air.  580 

physiological   anatomy   of   organs             ^^M 

Resonance,  importance  of,  in  func- 

570                                                        ^H 

tions  of  ear.  3(>6 

pneumothorax,  587                                       ^^M 

Respiration,  abdominal  type,  676 

reflex    stimulation    of    respiratory             ^^B 

acapnia,  625 

center,  G12                                                     ^^B 

accessory  centers  of,  in  brain,  619 

relation  of  vugtm  nerve  to,  614                      ^^M 

respiratory  movements,  577 

residual  air,  5H0                                               ^^H 

anatomy  of  thorax,  571 

respiratory  center,  610,  618                        ^^M 

apnea.  623 

quotient,  631                                              ^H 

artificial,  581 

waves  of  blood-preasure.  588                  ^^H 

aspiratorv  action  of,  on  blood-flow, 

secretion  of  gases  in  lungs,  608                     ^^M 

587      * 

spinal  respirator^'  centers,  611                     ^^H 

automatic    actinn    of    respiratory 

.supplemental  air,  580                                     ^^H 

center,  612 

tension  of  gnstea   in   alveolar  air,             ^^H 

bronchoconstrictor    and    broncho- 

606                                                       ^H 

dilator  fibers.  625 

in  arterial  bl(x>d,  608                           ^^1 

calorimeter,  827 

in  tissues,  608                                          ^^H 

capacity  of  the  bronchi,  581 

in  venous  blood.  607                             ^^| 

chamber.  785 

tidal  air.  580                                                 ^H 

chemical   composition  of  inspired 

ventilation,  principles  of,  506                      ^^M 

and  expired  air,  592 

vital  capacity,  579                                          ^^B 

Cheyne-^tokes  lype  of.  632 

volumpjs  of  air  respired,  679                         ^^M 

oomplemental  air,  580 

conaition  of  carbon  dioxid  in  blood. 

voluntary  contml  of,  618                            ^^H 

Respirator)'  center.  610,  611,  618,  619              ^H 

604 

automatic  activity  of.  612                      ^^H 

costal.  573,  576 

normal  stimulus  of,  619                          ^^M 

definition    of   inspiration    and    ex- 

reflex  stimulation  of,  612                         ^^H 

piratinn,  571 

quotient.  631                                                 ^H 

dissociation  of  oxyhemoglobin,  603 

waves  of  blood-pressure,  588                     ^^H 

dyspnea,  622 

effect   of   changes   in    barometric 

Retina,  action  current  of,  309                          ^^H 

acuity  of  vision  in,  315                              ^^H 

pressure  upon,  62ft 

after-images  from,  323                                ^^H 

in  compowiiion  of  air,  627 

color  blindness  of,  325                                  ^^H 

of  muscuW  work  upon,  627 

contrasts  in.  324                                       ^^M 

exchange  of  gases  in,  6(1H 

vision  in.  321                                             ^^H 

forced,  675 

oorrcspouding  points  of.  340                      ^^M 

functional  value  of  nitrogen.  602 

distribution  of  color  sense  in,  328            ^^M 

gaseous  exchange  in  lungs.  (X)6 

entoptic  phenomena.  336                            ^^H 

sasee  of  blood    596 
history  of,  566 

function  of  rods  and  cones  of,  330             ^^H 

fundajuental   and    complemcntar}'            ^^| 

h3rperpnea.  6'22 

colors,  322                                                  ^H 

increased  heart-rate  during  inspira- 

light adapted  and  dark  adapted,             ^^| 

tion,  591 

318                                                               ^M 

iDJurious  effect  of  expired  air,  593 

portion  of,    stimulated  bv    light,            ^^M 

intrapulmonic  pn.'Rsure,  583 

308                                                               ^H 

Intrathoracic  pressure.  584 

projection  of,  on  occipital  lobes,            ^^M 

mechanism  of  inspiration,  672 

k 

195                                                               ^B 
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Retiim,  qualities  of  visual  eexmations 

Senses,  claBsification  of,  240              ^^^| 

from,  320 

cutaneous,  256                                  ^^^| 

size  of  fovea  in,  314.  315 

Sensory  aphasia,  206                           ^^H 
areas  of  cortex,   188                          ^^^| 

theories  of  cobr  vision  in,  331 

threshold  sturiulua  of.  317 

paths  in  spinal  oord,  161                ^^^| 

visual  purole  of,  310 
Reversible  oneniical  reartions.  659 

Sequence  of  heart  beat,  507             ^^^| 

Senn,  874                                               ^^M 

RheoH<y)pic  frog  preparation,  99 

Serum,  action  of  foreign,  389           ^^H 

Rhodopein,  310 

-albumin,  410                                    ^ 

Rihs,  nrtion  of.  In  inspiration,  573 

-glohuliii,  411 

Rigor  of  muscle,  49.  51.  62,  66 

Seventh    cranial   ncr\'e.    nucleus  of. 

Ringer's  solution,  3S7 

229 

Ritter's  tetanus,  S(i 

Sex.  determination  of.  868 

Rivinus,  ductfl  of,  666 

Side-pressure    in    blood-vessels,    460 

Rods  and  cones  of  eye,  fuDctioxu  of, 

Sixth  cranial  ner\'e.  nucleus  of,  229 

330 

SkatoxvLsulphurio  acid.  719.  760 
Skeletal  niu«cular  tissue,  phvaiology 

of.  IH 

Bacculus.  functions  of.  379 

Skin,  excretory  functions  of,  766 

Saliva,  chorda,  673 

sweat  glands  of,  766 

composition  of.  669 

Sleep,  chaiige»  in  circulation  during. 

digestive  action  of,  670 

242 

general  functions  of,  681 

cu^^'e8  of  intensity  of.  239 

secretory  nenti*  for,  670 

effect  of  senaory  stimulation  dui* 

sympathetic,  673 

mg.  243                                          ^ 

Salivarv  glandw.  action  of  drugs  upon, 

hypnotic.  248                                    ^^H 

U.               676 

mctalx)lism  during,  811                   ^^^H 

^H          anatomical  relations.  666 

phy8iok>^ioal  phenomena  of,  2tt    ^^^| 

^H          histological  changes  during    ac- 

theories  of.  244                                   ^^ 

^H                 tivity,  674 

Small   intestine,   at>8orption   in,  712 

^H             structure  of.  668 

Smegma  prirputii.  770 

^H          normal  stimulation  of.  678 

Smell,  center  for.  in  bruin,  204 

^f           secretory  center  for,  679 

end-organ  of.  276 

ner\e  fibers  of,  672 

Smellini;,  mechanism  of,  276 

theory  of  SMretory  ner\'efl,  673 

Sodium  chlorid.   nutritive   value  of. 

Salts.  al>6orption  of,  in  stomach,  69S 

802 

excretion  of,  760 

salts,  efTect  of.  on  heart -l»eat.  501 

general    nutritive    imix>rtance   of. 

Somatoplasm,  definition  of,  872 

SOI 

Sound,  sensations  of  (t«ee  Ear) 

Barcolactic  acid,  60 

waves,  nature  and  action  of,  361 

Sebaceous  glands,  secretion  of.  769 

overtones  of,  364 

Sooondary  axes  of  a  lena,  284 

simple  and  compound,  363 

degeneration,  nerve  fibers,  117,  157 

Specific  energy  of  taat«  aenaations, 

proteoses.  693 

273 

Secretion,  703,  711 

gravity  of  blood,  383 

iiUenial,  771 

nerve   enenriea,   dt»ct.rine   of,    115, 

of  bile,  727 

251 

of  sebaceous  glands,  760 

of  cutaneous  ner\'ee.  258 

of  sweat,  767 

Spectra,  absorption,  blood,  394 

of  urine,  742 

Spectroscope.  395 

Secretogogues  of  gastric  glands,  690 

Spermatozoa,  chemistry  of,  862             . 

Secretory  neo'es  of  salivary  glands, 

maturation  of,  H61                          ^^^| 

671 

properties  of.  800                            ^^H 

Semicircular  canals,  direct  stimula- 

Spermin. 779                                         ^^H 

tion  cf,  374 

Spherical  al:»erration  in  eye,  294             ■ 

Flourens'sexperiment«  upon,  372 

SphyEmography,  472                                 V 

structure  of.  372 

Sphygmomanrinieiers    for    dctemiin-        ■ 

temporani'  and  permanent  effects 
of  operations  on,  374 

ing  b li.K>d -press u re  in  man,  456            1 

Spinal  cord,  anterior  marginal  bundle       1 

theories  of  functions  of,  375 

of.  170                                            ■ 

Seminal  vcfiicles.  function  of»  861 

as  path  of  conduction.   154              1 

• 

Senescence,  871 

i.          k^              J 

classification   of   tracts   in.    157     ^M 

^^^^V^^^^^^^^^^^^  in£i!:x.                                         903         ^H 

■      Spinal  rord,  effect  of  removinf(.  144, 

Summation  of  muscular  contractions,           ^^H 

1                 651 

^H 

■               genenil    relations   of    pray    and 

of  stimuli  in  nerve  centers,  130                ^^H 

H                  wliite  matter  in,  156 

Superior  olivary  body,  rehition  of,  to           ^^H 

■              f;ruu{>s  of  cells  lu,  154 

nudit-ory  paths,  200                                       ^^H 

H              Helwe^'s  huiitUe  in,   170 

Supplemental  air,  580                                       ^^H 

H             hotnolitteml    and     contralateral 

Suprarenalin,  776                                             ^^H 

H                 conduction  in,   ttH> 

SwallouiTig.  634                                                   ^^1 

■                leas  well-known  tracts  of.  169 

respiration,   636                                                   ^^H 

Monakow'a  bundle  in.  109 

Sweat,  amount  and  compoeitioti  of,            ^^| 

pallts     in,     for     cutaneous    im- 

766                                                             ^H 

pulses,   165 

nerve  centers  for.  760                                   ^^H 

pyramidal  tracts  of.   167 

8ecretor>'  til>erB  of,  767                               ^^H 

refiejc   aetivitiefl  of,    133,    144 

Sweat-nerv'es,  action  of,  in  heal  regu-            ^^H 

tonic  activity  of,   144 

latiou,  H29                                                     ^^1 

■               tructtf  of,  in  Literal  column^  1&4 

Sympathetic  nerAoua  system,  general            ^^H 

■                in  posterior  column.  164 

relations,  231                                             ^^H 

H                  in  whiU'  matter,   156 

resonance,  366                                                     ^^H 

■             ventrul  lungituditiul  Imndle.  170 

Syntoiiin,  693                                                       ^H 

W             vestihido-Hpinal  tract,  170 

Systole,  duration  of.  in  heart.  489                ^^H 

n*f1ex  movements,   135 

Systolic  arterial  pressure,  446                         ^^H 

reflexes  in  mammals,   138 

determination  of,  in  animals,            ^^1 

respiratory  center,  611 

447                                                      ^H 

Spirometer,  579 

in  man,  453                                       ^^H 

Sp]e«n.  phv»ioio)ary  of,  738 

plateau  of  ventricular  contraction,            ^^| 

Stannius.  firet  liKiiinre  of,  499 

485                                                                  ^H 

Stapedius   muscle,    function   of,   353 

^^H 

Starvation,  effect  of,  on  body-mctab- 

^^H 

olUm.  812 

Tades  dorvalis.  163                                       ^^| 

St«apsin  (see  Lipase) 

Taste  buds,  275                                                   ^^H 

St«naon'8  duct,  666 

center  for,  in  brain,  204                              ^^| 

Stereognofftic  sense.  189 

nerves  of,  270                                            ^^B 

StereoAnopic  vision.  347 

sensations.  classiBcation  of,  272                 ^^| 

StelhoBcope,  485 

F^peciBc  energy  of.  273                         «     ^^| 
thn^hold  stimulus,  275                          ^^| 

Stimulants.  (>5t) 

nutritive  imfntrtiuire  of.  805 

senile  nf.  270                                                    ^^H 

Stimuli,  artificial,  nf  muscle,  23 

t^timuli,  mode  of  action,  274                     ^^H 

Stokes-Adams  syndrome,  50K 

Tiiudn,  725                                                           ^^1 

Stokes's  reducing  agent,  397 

Taurocholic  acid,  725                                     ^^H 

Btomach,  al>sorption  in.  698 

Tectorial  membrane,  368                                 ^^H 

anatomy  of,  639 

Teniperature  (see  Heat)                                   ^^H 
enect  of,  on  bodv  metabolism,  811            ^^H 

ftutomaticity  of.  643 

digestion  in.  696 

on  gflfte^  in  sohition,  600    -                        ^^H 

glands  of,  &S3 

listological     changes     in,     during 

on   bean    rate,  529                                         ^^H 

on  muscular  contraction,  28                  ^^| 

activity.  6H4 

of  human  l>ody.  S(22                                    ^^H 

means  of  obtaining  secretion  of,  685 

sense,  distribution   and  character^            ^^^| 

mechanism    of    gastric    eecretion. 

istics,  259                                              ^^1 

689 

path  for,  in  spinal  cord.  163,  165            ^^| 
punctiform   distribution   of,   257             ^^| 

movements  of,  640 

musculHturc  of.  640 

Tension  of  gases  in  solution,  601                    ^^| 

propertic*  of  pepsin  of,  601 

Tensor  tvmpani  nutscle,  function  of,             ^^| 

secretory  nerves  of.  688 

358      "                                                            ^H 

Sirabismas.  340 

Tenth  cranial  ner\'e,  nucleus  of.  220            ^^| 

Stromuhr.  436 

Testis,  internal  secretion  of.  778                    ^^^ 

Submaxillary  ganglion,  668 

Tetanus,  numl>er  of  stimuli  neoeaaary            ^^H 

Succufl  entericiLs,  710 

42                                                        ^M 

Sugars,   absorption   of,   in   stomach, 

of  artificial  muscle,  71                                 ^^| 

699 

of  muscle,  39                                                    ^^H 

metal)olism  of,  in  body,  794 

opening  and  closing,  86                            ^^| 

Sulphur,   forma   in    which   excreted, 

Theobroroin,  757,  805                                     ^H 

759 

Third  cranial  nerve,  nucleus  of,  226             ^^| 

^^H          .904                                                          INDEX.          ^^^^^^^^^^^^^H 

^^m         Thirst,  seoae  of,  267 

Uterus,  changes  of,  during  menstrua- 

^^^B        Thorax,  as  closed  cavity,  571 

tion,  842 

^^^^H              aspiratory  action  of,  587 

effect  of,  on  mammary  glands.  856 

^^^^H              noniial  position  of,  571 

^^^H             origin  or  ncfsative  pressure  in.  586 

Utriculus,  function  of,  379 

^^^^1            Thrornbin,  416 

^^^^P          Throml>okina^-,   118 

^^^H          Tlivroid.  extirpation  of,  772 

Vagus  ner\*e,  action  of,  on  gastric 

^^^H               funrlion  of,  774 

flecretion,  688 

^^^H              internal  secretion  of,  772 

on  heart,    516    (act  also    In- 

^^^H              ihcorv  of  (Cyon),  775 

hibUion) 

^^B         Tidal  air.  580 

on  pancreas,  701 

^^^H           Tigroid  subBtonce  in  nerve  cells,  127 

as  motor  ner\'e  to  stomach.  643 

^^^H          Tissue  proteid,  787 

nucleus  of,  2*29 

^^^H          Tissues,  exchange  of  gixaea  in,  608 
^^^^H          Tone    (muiiical)   of     iiiuijcular    con- 

relations  of,  to  respiratory  cen- 

ter, 614 

^^^H               traction, 

Vasomotor  fibers,  oeniere  for,  in  cord, 

^^^H          Tonicity  of  heart  muscle,  510 

543 

^^^H              of  muscle,  48 

in  brain,  552 

^^^^1               of  ner\'e  centere,   144 

to  pulmonary  arteries,  561 

^^^H         Touch  sense,  path  of.  in  cord.  169 

ner\*es.  action  of,  in  heat  re^uht- 

^^H          TracU  in  spinal  cord.  157.  160 

tion,  829 

^^H               of  Burdju'h   150 

antidromic  impulses  in.  548 

^^H              of  Klechsi^.   159,  164 

course  mid  distribution.  535.  545 

^^H              of  GulJ.  159 

general    properties    of    diUtors, 

^^^H               of  Gowei>,   159.   164 

645 

^^^H          Trauhe-fierinje:  waves.  544 

history  of  discovery  of,  531 

^^^^B           Tr^p])c  of  rnitNCular  cont ructions,  33 

methods   used   to   <l(^monstrate« 

^^^^1           Trigeminal   ncr\-e,    area  of   distribu- 

632 

^^^1                                        2ZS 

of  heart,  550 

^^^H                  nucleus  of,  227 

position    of   constrictor   center. 

^^^^H           Trophic  nerve  fibers,  salivar)'  glands, 

538 

^^M 

reflex  actions  of,  540 

^^H          Trvpsin.  6fM,  707 

rhythntical    action    of    constric- 

^^H          Tr>*ptophnn,  707.  874 

tor  center.  544 

^^^H          Torek's  method  for  reflex  time,  141 

to  abdominal  organs,  562 

^^^^1          Twelfth    crania!   nerve,    nucleus   of, 

to  dilatrrr  center   and   reflexes. 

^^B 

546 

^^^H           Tympanic  membrane,  3«34 

to  genital  organs,  562 
to  head,  .561 

^^H            Tvrosiu,  706.  874 

^^^^^^B. 

to  kidneys,  749                             ^^H 

to  skeletal  muscles.  563            ^^^| 

^^^H          Un^pol.vr  method  of  stimulation,  87 

to  trunk  and  Umbs,  662          ^^H 

^^^^H           Urea,  formation  of,  in  liver,  737 

to  veins,  564                                   ^^H 

^^^^B              origin  and  sijcniBc-auce  of,  753 

tonic  activity  of,  538                  ^^H 

^^^^1          Ureters,  contractions  of.  761 

Veins,  vasomotor  supply  of.  564              B 
Velocity    of    blood-flow"  (see    Circu-       B 

^^^H           Urethra,  sphincter  of,  763 

^^^^B          Uric  acid.  61 

iaiion)                                                   B 

^^^H                  in  spleen,  739 
^^^^H                   signi6cance  of.  757 

pressure  in  blood-vessels.  460            ■ 

Venous  pulse.  475                                 ^^H 

^^^H          Urinary  bladder,  movements  of.  762 

in  brain  sinusra,  558                   ^^^| 

^^^H                  nerves  of,  765 

Ventilation,  principles  of.  696         ^^H 

^^^^H               pigments.  400 

Wntral  longitudinal  bundle  in  spinal      B 

^^^V           Unnation,   phvsiological  mecbaniBm 

conl.   170                                                     fl 

V                     of,  761 

Ventricle   (see  Heart)                                fl 

^P                    Urine,  composition  of,  751 

Vemtrin,  effect  of,  on  heart,  SO             H 

nitrogenous  excreta  of.  753 

Vemix  cnseosa,  770                                     fl 

origin  of  acidity  of,  748 

Vestibulo-spinal  tract  of  spinal  oord^,     1 

osmotic  prpss\ire  of,  746 

170                                                             ■ 

reaction  of.  751 

Vision  (see  Eye  and  Retina)                    H 

secretion  of,  742 

Visual  acuityi  315                             ^^H 

secretion  pressure  of,  745 

center  in  cortex,  192                     ^^^| 

INDKX. 


<H>o 


Visual  field,  binocular,  340 
monocular,  312 
fields,    conflict    of,    in    binocular 

vision,  344 
purple,  310 
Vital  capacity,  579 
Voluntary  muscular  contractions,  43 
Vomiting,  651 


Wallerian  degeneration,   117,   157 

Warm  spots  of  skin,  257 

Water,  al>sorption  of,  in  stomach,  098 

excretion  of,  760 
Webet^Fechner  law,  253 


Wharton's  duct,  666 

Wirsung,  duct  of,  700 

Work  done  by  contractinfi:  muscle,  37 


Xanthin,  61,  756 

Xanthoproteic  reaction  for  protei<ls, 

877 


Ztmooen,  663 
granules,  675 

Zymoplastic  substances  in  coagula- 
tion of  blood,  41S 
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LITERARY  SUPERIORITY 

^W^HE  excellent  judgment  displayed  in  the  publications  of  the  house 
*  at  the  very  beginning  of  its  career,  and  the  success  of  the  mod- 
em business  methods  employed  by  it,  at  once  attracted  the  attention 
of  leading  men  in  the  profession,  and  many  of  the  most  prominent 
writers  of  America  offered  their  books  for  publication.  Thus,  there 
were  produced  in  rapid  succession  a  number  of  works  that  imme- 
diately placed  the  house  in  the  front  rank  of  Medical  Publishers. 
One  need  only  cite  such  instances  as  Stengel's  *'  Pathology,'*  Hirst's 
•'  Obstetrics/*  the  late  William  Pepper's  "  Theory  and  Practice  of 
Medicine."  Anders'  "Practice,"  DaCosta's  "Surgery,"  Keen  and 
White's  "American  Text-Book  of  Surgery,"  Hektocn*s  "American 
Text-Book  of  Pathology,"  and  the  "  International  Text-Book  of 
Surgery,"  edited  by  Warren  and  Gould.  These  works  have  made 
for  themselves  a  place  among  the  best  text-books  on  their  several 
subjects  for  students  and  practitioners. 

A  CoBipl«t«  Cftt^otfue  of  our  PublicAtioni  will  be  Sent  upon  Requett 
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American 
Text-Book  of  Patholo^ 
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American  Text-Book  of  Pathology.     Edited  by  Ludvig  Hektokn, 

M.  D.,  Professor  of  Pathology,  Rush  Medical  College,  in  affiliation  with 
the  University  of  Chicago ;  and  David  Riesman.  M.  D.,  Professor  of 
Clinical  Medicine,  Philadelphia  PolycHnic.  Handsome  imperial  octavo, 
124s  pages,  443  illustrations, 66  in  colors.  Qoth,  ^7.50  net;  Sheep  or 
Half  Morocco,  ^8.50  net. 


MOST  SUMPTUOUSLY  ILLUSTRATED  PATHOLOGY  IN   ENGLISH 


1 


The  importance  of  the  part  taken  by  the  science  of  pathology  in  the  recetit 
wonderful  advances  in  practical  medicine  is  now  generally  recognized,  ttis  uni- 
versally conceded  that  he  who  would  be  a  good  diagnostician  and  therapist  must 
understand  disease — must  know  pathology.  The  present  work  is  the  most  repre- 
sentative treatise  on  the  subject  that  has  appeared  in  English.  It  furnishes  prac- 
titioners and  students  with  a  comprehensive  text-book  on  the  essential  principles 
and  facts  in  (icneral  Pathology  and  Pathologic  Anatomy,  with  especial  emphasis 
on  the  relations  of  the  latter  to  practical  medicine.  The  illustrations  arc  nearly 
all  original,  and  those  in  color,  many  of  which  represent  the  composite  result  of 
from  seven  to  ten  colors,  are  printed  directly  in  the  text,  thus  facilitating  consulta- 
tion. In  fact,  the  pictorial  feature  of  thework  forms  a  complete  atlas  of  pjuhotofx 
anatomy  and  histology. 


OPINIONS  OF  THE   MEDICAL  PRESS 


Quarterly  Medical  Journal,  Sheffield.  England 

"  As  to  the  illustrations,  wc  can  only  say  thai  whilst  all  of  them  are  good,  most  of  1 
arc  rrally  beautiful,  and  for  them  alone  the  book  is  worth  having.  Both  colored  and  pbia. 
Ihry  arc  distiibuted  so  profusely  as  to  udd  very  Largely  to  the  interest  of  the  reader  and  to 
help  the  student.  " 

American  Medicine 

"  It  is  especially  praiseworthy  and  valuable  in  (hat  throughout  pathologic  prohlems  i 
treated  with  particular  reference  to  their  bearings  upon  practical  medicioe  and  sur^ry," 

The  Lancet,  London 

"The  illustrations,  plain  and  colored,  throughout  the  whole  work  are  excelleel.aad  tfivyi 
coDsidcimbly  to  the  value  of  a  thoroughly  trustworthy  text-book  of  pathology." 


PATHOLOGY. 


Stengel's 
Text-Book  of  Pathology 

Recently  hiued— Fourth  Edition,  Thoroughly  Revised 


A  Text-Book  of  Patholosry.  By  Alfred  Stengel,  M.  D.,  Professor 
of  Clinical  Medicine  in  the  University  of  Pennsylvania.  Octavo  volume 
o^  933  pages,  with  394  text-illustrations,  many  in  colors,  and  7  full-page 
colored  plates.     Cloth,  ^5.00  net ;  Sheep  or  Half  Morocco.  ^6.00  net. 

WITH  394  TCXT.CUTS,  MANY  IN  COLORS,  AND  7  COLORED  PLATES 

In  this  work  the  practical  application  of  pathologic  facts  to  clinical  medicine 
U  considered  more  fully  than  is  customary  in  works  on  pathology.  While  the 
subject  of  pathology  is  treated  in  the  broadest  way  consistent  with  the  size  of  the 
book,  an  effort  has  been  made  to  present  the  subject  from  the  point  of  view  of  the 
clinician.  In  the  second  part  of  the  work  the  pathology  of  individual  organs  and 
tissues  is  treated  syslenaatically  and  quite  fully  under  subheadings  that  clearly 
indicate  the  subject-matter  to  be  found  on  each  page.  In  this  edition  the  section 
dealing  with  General  Pathology  has  been  most  extensively  revised,  several  of  the 
important  chapters  having  been  practically  rewritten.  A  very  useful  addition 
is  an  Appendix  treating  of  th'  technic  of  pathologic  methods,  giving  briefly  the 
most  important  methods  at  present  in  use  for  the  study  of  pathology,  including, 
however,  only  those  methods  capable  of  giving  satisfactory  results.  The  book 
will  be  found  to  maintain  fully  its  popularity. 


PERSONAL  AND   PRESS  OPINIONS 


^raUam  H.  Welch.  M.  D.. 

Proftsior  of  Pathology.  J<thm  Hopkins  Vmivtrniy,  BtUHmert,  Md. 

"  I  consider  ihe  work  abreast  of  modem  pathology,  and  xiscful  to  both  students  and  practi- 
tloners.  It  presents  in  a  concise  and  wen-considered  form  Oic  essential  facts  of  general  and 
special  pathologic  .inatomy,  with  more  than  usual  emphasis  upon  pathologic  physiology." 

Ludvig  Hektoen,.M.  D.* 

Professor  0/  Pat  ho  hgy.  Ru$h  Medical  College,  Chitago. 

"  I  regard  it  as  the  most  serviceable  lext-book  for  students  on  this  subject  yet  written  by  an 

American  author." 

TIm  Lancet.  London 

•■  This  volume  is  intended  to  present  Ihe  subjeet  of  pathology  in  as  practical  a  form  as  po*- 
sible.  and  more  especially  from  the  point  of  view  of  the  clinical  patholojfist.'  These  subjects 
have  been  faithfully  carried  out.  and  a  valuable  lexi-book  is  the  result.  We  can  moat  ikrorably 
recommend  it  to  our  readan  as  a  thoroughly  practical  work  on  clinical  pathology." 


S.irADK/CS'   BOOKS    ON 


Diirck  and  Hektoen's 

General  Pathologic  Histolo^ 


Atlas  and   Epitome  of  General  Pathologic  Histolo^^.      By   PR. 

Dr.  H.  Durck,  of  Munich.  Edited,  with  additions,  by  Ludvig  Hek- 
TOEN,  M.D.,  Professor  of  Pathology  in  Rush  Medical  College,  Chicago. 
172  colored  figures  on  jj  lithographic  plates,  36  text-cuts,  many  in 
colors^  and  353  pages.   Cloth,  S5  00  net.  /;/  Saunders*  Hand- Atlas  Srrits, 

A  NEW  VOLUMC-RCCENTLY  ISSUED 

This  new  Atlas  will  be  found  even  more  valuable  than  the  two  preceding 
volumes  on  Special  Pathologic  Histology,  to  which,  in  a  manner,  it  is  a  com- 
panion work.  The  text  gives  the  generally  accepted  views  in  regard  to  the  si^tli- 
cance  of  paiholoRic  processes,  explained  in  clear  and  easily  understood  language. 
The  lithographs  in  some  cases  required  as  many  as  twent}'-six  colors  to  reproduce 
the  original  painting.      Dr.  llektoen  has  made  many  addibons  of  great  value. 

W.  T.  Councilman.  M.  D..  | 

/'rofessor  of  Halhohgic  AiuUomy,  Harvard  Vnivtrsiiy. 

"  I  have  seen  no  plates  which  impress  me  as  so  truly  representing  histologic  appeanuices 
do  these.     The  book  is  a  valuable  one," 
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Howell's  Physiology 


A  Text-Book  of  Physiology*     By  William  H.  Howell,  Ph.1 

M.  D.,  Professor  of  Physiology  in  the  Johns  Hopkins  Universit>\  Balti- 
more, Md.     Octavo  of  904  pages,  272  illustrations.     Cloth,  J4.C0  net 


JUST  READY— ENTIRELY  NEW 


J 


Dr.  Howell  has  had  many  years  of  experience  as  a  teacher  of  physiology  in 
several  of  the  leading  medical  schools,  and  is  therefore  exceedingly  well  fined  to 
write  a  text-book  on  this  subject.  Main  emphasis  has  been  laid  lipon  those  tacts 
and  views  which  will  be  directly  helpful  in  the  practical  branches  of  medicine.  At 
the  same  time,  however,  sufficient  consideration  has  been  given  to  the  expcnmen- 
tal  side  of  the  science.  The  entire  literature  of  physiology  has  been  thoroughly 
digested  l^y  Dr.  Howell,  and  the  important  views  and  conclusions  introduced  into 
his  work,  so  that  the  student  has  the  beneBt  of  the  latest  advances  along  this  line. 
Hlustrations  have  been  m<tst  freely  used  whenever  it  was  thought  they  woultj  be 
helpful  in  undersunding  or  supplementing  the  descriptions  in  the  text. 


PATHOLOGY. 


McFarland's 
Text-Book  of  Pathology 


A  Text-Book  of  Pathology.  By  Joskph  McFarland,  M.  D.,  Pro- 
fessor of  Pathology  and  Bacteriology  in  the  Mcdico-Chirurgical  Col- 
lege of  Philadelphia ;  Pathologist  to  the  Medico-Chirurgica!  Hospital, 
Philadelphia.  Handsome  octavo  of  8l8  pages,  with  350  illustrations, 
many  in  colors.     Cloth,  ij.cx)  net;  Sheep  or  Half  Morocco,  ^6.00  net, 

R£Cf;NTLY    ISSUED— BEAUTIFULLY   ILLUSTRATED 

This  entirely  new  work  is  a  plain  account  of  the  nntural  history  of  disease,  and 
covers  the  field  thoroughly,  accurately,  and  completely,  Heing  the  work  of  a 
teacher  who,  as  such,  is  eminently  familiar  with  the  needs  of  students,  it  is  arranged 
in  a  manner  and  written  in  a  style  best  suited  to  teaching  purposes.  Unlike  most 
works  on  pathology,  it  treats  the  subject,  not  from  the  professor's  point  of  view, 
but  from  that  of  the  student  the  author  ever  aiming  to  render  most  easy  of  com- 
prehension the  many  difticult  theories  of  the  science.  The  text  is  admirably  eluci- 
dated by  numerous  excellent  illustrations,  many  of  them  having  been  especially 
drawn.     Indeed,  this  book  of  Dr.  McFarland*s  will  be  found  of  inestimable  value. 


OPINIONS  OF  THE   MEDICAL  PRESS 


American  Medicine 

"  Wc  feci  confi<lrct  in  saying  no  other rrccnt  imitisr,  not  encyclopedic  in  character  on  any 
subject,  contains  so  much  direct  and  corrclatrd  information  on  the  branch  with  which  it  dealt." 

Medical  Record,  New  York 

"  The  long  teaching  experience  which  Dr.  McFnrlnnd  has  bad  has  well  qunlified  him  for 
the  task  of  writing  a  tcxt'book,  .  .  .  and  he  has  done  tl  well." 

Medical  Newt.  New  York 

"This  ia  truly  an  excellent  text-book.  ,  .  .  The  illustrations  ore  numerous  unU  are  excep- 
tionally coed." 
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American 


THE  NEW 
STANOAAD 


Illustrated   Dictionary 

Third  Revised  Edition — Recently  Issued 


The  American  Illustrated  Medical  Dictionary.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medicine.  Surgery.  Denlistiy, 
Pharmacy,  Chemistry, and  kindred  branches;  with  over  lOO  new  and 
elaborate  tables  and  many  handsome  illustrations.  By  W.  A.  Newmaw 
DoRLANH,  M.  D.,  Editor  of  "The  American  Pocket  Medical  Diction- 
ary." Large  octavo,  nearly  8oo  pages,  bound  in  full  flexible  leather. 
Price,  ^4.50  net;  with  thumb  index,  jRS.OO  net 

Gives  B  Maximum  Amount  of  Matter  in  &  Minimum  Space,  and  at  the  Lowegt 

Posiible  Cost 

THREE  EDITIONS  IN  THREE  YEARS— WITH  1500  NEW  TERMS 

The  immetliate  success  of  this  work  is  due  to  the  special  features  that  distifi- 
guish  i(  from  other  hooks  of  its  kind.  It  gives  a  maximum  of  matter  in  a  mini- 
mum space  and  at  the  lowest  possible  cost.  Though  it  is  practically  unabridged, 
yet  by  the  use  of  thin  bible  paper  and  flexible  morocco  binding  it  is  only  i|^ 
inches  thick.  The  result  is  a  truly  luxurious  specimen  of  book -making.  In  this 
new  edition  the  book  has  been  thoroughly  revised,  and  upward  of  fifteen  hundred 
new  terms  that  have  appeared  in  recent  medical  literature  have  l>een  added,  thus 
bringing  the  book  absolutely  up  to  date.  The  book  contains  hundreds  of  terms 
not  to  be  found  in  any  other  dictionary,  over  loo  original  ublcs,  and  many  hand- 
some illustrations,  a  number  in  colors. 


PERSONAL   OPINIONS 


Howard  A.  Kelly*  M.  D., 

PrtftssQr  of  Gyntcologyy  Johns  Hophims  Umivtrniy,  BaUimore. 
"  Dr.  Dorlmnd's  dictionary  is  •draimble.     It  is  so  well  gotten  up  and  of  such  coDve«l««t 
sise.     No  errors  have  been  found  in  my  use  of  it." 

Roswel!  Park,  M.  D..  I 

Profttior  of  PriHcipUs  mmd  FracHc*  of  Smrgtry  mmd  of  CHmUml  Smtrftry,  Umi^ortity  < 

Bufalc. 
"  I  rausl  acknowledge  my  astonishment  et  seeing  how  much  he  has  condeased  vithiA  rela- 
tively small  space.     I  find  nothing  to  criticixe,  very  much  to  commeod,  and  waa  iot«rea«cd  la 
ftndiag  some  of  the  new  words  which  are  not  in  other  recent  dictioaeiiea." 


EMBR  YOLOG  K 


Heisler's 
Text-Book  of  Embryology 

Second  £dition.  Thoroughly  Revised 


A  Text-Book  of  Embryolog:y.  By  John  C.  Heisler,  M.  D.,  Pro- 
fessor of  Anatomy  in  the  Medico-Chirurgical  College,  Philadelphia 
Octavo  volume  of  405  pages,  with  196  illustrations,  32  of  them  in 
colors.     Cloth,  ^2.50  net. 

WITH   196   ILLUSTRATIONS.   32  IN  COLORS 

The  fact  of  embryology  having  acquired  in  recent  years  such  great  interest 
in  connection  with  the  teaching  and  with  the  proper  comprehension  of  human 
anatomy,  it  is  of  first  importance  to  the  student  of  medicine  that  a  concise  and 
yet  sufficiently  full  text-book  upon  the  subject  be  available.  In  its  first  edition 
this  work  met  this  want  most  admirably,  and  in  its  present  form  it  will  prove  even 
more  valuable.  The  work  has  been  thoroughly  revised,  and  such  additions  have 
been  made  as  the  progress  of  the  science  has  rendered  necessary.  Moreover,  the 
entire  work  has  been  generally  improved.  The  chapter  treating  of  the  Deciduse 
and  the  Placenta  has  been  rewritten,  as  has  also  the  greater  part  of  that  upon  the 
Chorion.    In  addition  to  these  changes,  several  new  itlustrations  have  been  added. 


PERSONAL  AND  PRESS  OPINIONS 


C  CaH  Huber,  M.  D., 

Profeisor  of  Histology  ami  E^ryoUgy,  Umiversiiy  of  Mtchgam.  Anm  Arbor. 

"  I  find  the  second  edition  of  'A  Text-Book  of  Embryology*  by  Dr.  Heisler  an  impror*- 
mcnt  on  the  first.  The  figures  added  increase  grcaily  the  value  of  the  work.  I  am  apUn 
recommending  it  to  our  sludents." 

WUUam  Wathen,  M.D.. 

Prtyftsior  of  Obstetrics.  AHomiMoi  Smrgery,  and  Gynecology,  amJ  Dean,  Kentmcky  School  tf 

Afedidme,  Louisville.  Ky. 
"  It  is  systematic,  scientific,  full  of  simpUcitj.  and  just  such  a  work  ns  a  medical  student 
will  be  able  to  comprehend."  • 

Birmingham  MwliciJ  Review,  Cn^aod 

"  We  can  most  confidt^ntly  recommend  Dr.  Heisler's  book  to  the  student  of  biolo^  or 
medicine  for  his  careful  study,  if  his  aim  be  to  acquire  a  sound  and  practical  acquaiotaacc  with 
the  labjcct  of  erobry  'ogf." 


Mallory  an^  Wrig^ht's 
Pathologic  Technique 

Recently  Issued— Third  Edition,  Revised  and  Enlarged 


Pathologic  Technique.  A  Practical  Manual  for  Workers  in  Patho- 
logic Histology,  including  Directions  for  the  Performance  of  Autopsies 
and  for  Clinical  Diagnosis  by  Laboratory  Methods.  By  Frank  R 
Mallorv,  M.  D..  Associate  Professor  of  Pathology,  Harvard  Univer-A 
sit>';  and  James  H.  Wright,  M,  D.,  Director  of  the  Clinico-Pathologic 
Laboratories^  Massachusetts  General  Hospital.  Octavo  of  469  pages, 
with  138  illustrations.     Cloth,  $^.00  net. 


WITH  CHAPTERS  ON  POST-MORTEM  TECHNIQUE  AND  AUTOPSIES 

In  revising  the  book  for  the  new  edition  the  authors  have  kept  in  view  the 
needs  of  the  laboratory  worker,  whether  student,  practitioner,  or  pathologist,  for 
a  practical  manual  of  histolopc  and  bactcriologic  methods  in  the  study  of  patho- 
logic material.  Many  parts  have  been  rewritten,  many  new  methods  have  been 
added,  and  the  number  of  iihistrattons  has  been  considerably  increased.  Among 
the  many  changes  and  additions  may  be  mentioned  the  amplification  of  ihe  de- 
scription of  the  Parasite  of  Actinomycosis  and  the  insertion  of  descripboni  of  the 
Bacillus  of  Bubonic  Plague,  of  the  Parasite  of  Mycetoma,  and  Wright's  methods 
for  the  cultivation  of  Anaerobic  Bacteria.  There  have  also  been  added  new 
staining  methods  for  elastic  tissue  by  Wcigert,  for  bone  by  Schmorl,  and  for  con- 
necdvc  tissue  by  Mallory.  The  new  edition  of  this  valuable  work  keeps  pace 
with  the  great  advances  made  in  pathology,  and  will  continue  to  be  a  most  aw6il 
laboratory  and  post-mortem  guide,  full  of  practical  information. 


I 


PERSONAL  AND   PRESS  OPINIONS 


Wm.  H.  W«lch.  M.D.. 

/*ro/4iJcr  of  Faihology,  Johns  Hopkins  UniversitY,  Saitimort. 

"  I  have  been  looking  forward  to  the  publication  of  this  book,  and  I  am  gUd  1o  aaj  lfc*i  I 
find  it  a  most  useful  laboratory  and  post-nioriem  guide,  full  of  practical  infortnatioo  aad  well 
up  to  date." 

Bofton  Medical  and  Stn^^cal  Journal 

' '  This  manual ,  since  its  first  .ippearancc,  bos  been  recognized  as  the  standard  guide  in  pa^iirr 
logical  technique,  aod  has  become  weU-cigb  indispensable  to  the  taboralory  worker."  ^t 

Journal  of  the  American  Medical  Association 

'  One  of  the  most  complete  works  on  the  subject,  and  one  which  should  be  in  ikt  library 
of  cvttfy  phfflicun  wbo  hopes  to  keep  pace  with  the  great  advances  made  In  pathology. 


• 


J 


HISTOLOGY. 


Bohm,  Davidoff,  and 
Huber's  Histology 


A  Text-Book  of  Human  Hlstolosry.  Including  Microscopic  Tech- 
nic.  By  Dr.  A.  A.  Bohm  and  Dr,  M.  von  Davidoff,  of  Munich,  and 
G.  Garl  Huber,  M.  D.,  Professor  of  Histology  and  Embryology  in 
the  University  of  Michigan,  Ann  Arbor.  Handsome  octavo  of  528 
pages,  with  361  beautiful  original  illustrations.    Flexible  cloth,  ^3.50  net, 

RECCNTtY  ISSUED-NEW  (2d)  EDITION.  ENLARGED 

The  work  of  Drs.  Bohm  and  Davidoff  is  well  knowr  in  the  German  edition, 
and  has  been  considered  one  of  the  most  practically  useful  books  on  ihe  subject 
of  Human  Histology.  The  excellence  of  the  text  and  illustraliuns.  attested  by  all 
familiar  with  the  work,  and  the  cordial  reception  which  it  has  received  from  both 
Students  and  investigators,  justify  the  Ijehcf  that  an  Knglish  translation  will  meet 
with  approval  from  American  and  English  teachers  and  students.  This  second 
edition  has  been  in  great  part  rewritten  and  very  much  enlarged  by  Dr,  Huber, 
who  has  also  added  over  one  hundred  original  illustrations.  Dr.  Huber's  exten- 
sive additions  have  rendered  the  work  the  most  complete  students'  text-book  on 
Histology  in  existence,  llie  book  contains  particularly  full  and  explicit  instructions 
in  the  matter  of  technic,  and  it  will  undoubtedly  prove  of  the  utmost  value  to 
students  and  practical  workers  in  the  Hrsiologic  Laboratory.  Special  attention  is 
called  to  the  fulness  of  the  text,  the  large  amount  of  matter  on  technic.  and  the 
numerous  handsome  illustrations.     This  edition  is  bound  in  flexible  cloth. 


OPINIONS  or  THE   MEDICAL  PRESS 


A 


BfWsh  Medical  Journal 

"  The  combined  authorship  of  so  many  distinguishrd  men  has  led  to  ihe  production  of  a  moti 
valuable  work.  The  illiistrations  are  most  t>eautiful,  and  beautifully  executed,  and  th«ir  study 
will  be  an  education  in  themselves." 

Boston  Medical  and  Sur^iciJ  Jottmal 

"  Is  unquestionably  a  lext-book  of  the  first  rank,  having  been  carefully  written  by  thorough 
masters  of  Ihe  subject,  and  in  cerlain  directions  it  is  much  superior  to  any  other  histological 
manual." 

AoMtican  Medicaoo 

"  It  is  recognixcd  as  the  highest  authority  In  Germany.  ...  A  book  OB  htotology  which 
suqMSBM  aaytfaiog  of  its  kind  now  in  piiat" 


A 


SAUNDERS'    BOOKS   ON 


McFarland's 
Patlio£(enic  Bacteria 

Fourth  Edition,  Re*>mtten  and  Enlarged 


A  Text-Book  Upon  the  Pathogenic  Bacteria.     By  Joseph  McFar- 

LAND,  M.  D.,  Professor  of  Pathology  and  Bacteriology  in  the  Medico- 
Chirurgical  College  of  Philadelphia,  Pathologist  to  the  Medico-Chinir- 
gical  Hospital,  Philadelphia,  etc.  Octavo  volume  of  629  pages,  finely 
illustrated.     Cloth,  jjlj-SO  net 

RECENTLY  ISSUED 

This  book  gives  a  concise  account  of  the  technical  procedures  necessary  in  the 
study  of  bacteriology,  a  brief  description  of  the  life-history  of  the  important  patho- 
genic bacteria,  and  sufficient  descripttor  of  the  pathologic  lesions  accompanying 
the  micro-organismal  invasions  to  give  r.n  idea  of  the  origin  of  symptoms  and  the 
causes  of  death.  The  illustrations  are  mainly  reproductions  of  t*  e  best  the  i^-orld 
affords,  and  arc  beautifully  and  accurate!y  executed.  Although  but  a  short  time 
has  elapsed  since  the  appearance  of  the  previous  edition,  exten>  ve  progress  has 
been  made  in  the  subjects  of  which  it  treats.  In  this  edition,  t>  :  eforc,  the  entire 
work  has  been  practically  rewritten,  old  matter  eliminated,  and  luch  new  matter 
inserted.  The  chapters  upon  Infection  and  Immunity  have  been  greatly  extended 
by  the  addition  of  the  many  new  facts  recently  added  to  our  knowledge.  The 
value  of  the  work  has  been  considerably  enhanced  by  the  introduction  of  a  large 
number  of  references  to  the  literature. 


PERSONAL  AND   PRESS  OPINIONS 


H.  B.  Aodenoo.  M.  D., 

Professor  of  Fatkoiogy  and  Bacttriolttgy,  Trinity  Mfdicai  Colltgt,  Toron^. 
"  Ihc  book  is  a  satis^tory  one,  and  I  shall  take  pleasure  in  recommeDding  il  lo  the  students 
of  Trinity  College." 

The  Lancet,  London 

"  It  i&  excellently  adapted  for  the  medical  students  and  practitioners  for  whom  it  is  avowedly 
written.  .  .  .  l*he  descriptions  given  arc  accurate  and  readable,  and  the  book  should  prove 
useful  to  those  for  whom  it  is  written." 

New  York  Medscal  Journal 

"The  author  has  succeeded  admirably  in  presendng  the  essential  details  of  bacteriolo^cal 
technic,  together  with  a  judiciously  cboiien  summary  of  our  present  knowledge  of  pathogenic 
bacteria.  .  .  The  work,  we  think,  should  have  a  wide  circulatioD  among  English •spcakiaf 
■tudeats  ol  medicine." 


BA CTER20L0G  Y  AND  PA  THOL OG K  i  i " 

Eyre's 
Bacteriologic  Technique 


The  Elements  of  Bacterio]og:ic  Technique.  A  laboratory  Guide 
for  the  Medical,  Dental,  and  Technical  Student.  By  J.  W.  H.  Kyre, 
M.  D.,  R  R.  S.  Edin.,  Bacteriologist  to  Guy's  Hospital,  London,  and 
Lecturer  on  Bacteriology  at  the  Medical  and  Dental  Schools,  etc. 
Octavo  volume  of  375  pages,  with  170  illustrations.     Cloth,  ^2.50  net. 

FOR   MEDICAL,  DENTAL.  AND   TECHNICAL   STUDENTS 

This  book  presents,  concisely  yet  clearly,  ihe  vari^nis  methods  at  present  in 
use  for  the  study  of  bacteria,  and  ehtcidates  sucli  ])i)ints  in  (heir  Itfe-hLstories  as 
are  debatable  or  still  undeiermined.  U  includes  nnly  those  methcwds  that  are 
capable  of  giving  satisfactory  results  even  in  the  hands  of  bej^inners.  The  illus- 
trations are  numerous  and  jjractical.  The  work  is  designed  with  the  needs  of  the 
technical  student  generally  constantly  in  view. 

The  Lancet,  London 

"  Stamped  throughout  with  evidence  that  the  writer  is  a  pwclical  teacher,  and  the  directions 
are  more  clearly  given  .  .  .  th.m  in  ;iny  previous  work." 

Warren's 

Pathologfy   and     I  herapeutics 

Surg^icat  F^tholoyy  and  Therapeutics.  By  John  Collins  Warren, 
M.  D.,  LL.D..  F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Harvard  Medical 
School.  Octavo,  873  pages,  136  relief  and  lithographic  illustrations,  33 
in  colors.  With  an  Appendix  on  Scientific  Aids  to  Surgical  Diagnosis 
and  a  series  of  articles  on  Regional  Bacteriology.  Cloth,  ^5. 00  net; 
Sheep  or  Half  Morocco^  ^6.00  net. 

SECOND    EDITION.  WITH   AN   APPENDIX 

In  the  second  edition  of  this  book  all  the  imp«»rtant  changes  have  been  em- 
bodied in  a  new  Appendix.  In  addition  to  an  enumeration  of  the  scientific  aids  10 
surgical  diagnosis  there  is  presented  a  series  of  sections  on  regional  bacteriology, 
in  which  arc  given  a  description  of  the  flora  of  the  affected  part,  and  the  gcnenU 
principles  of  treating  the  aflecdons  they  produce. 

RoiweU  Ptfk.  M.  D.» 

In  tkt  Harvard  Graduatt  Magatine. 

"  I  think  ii  is  the  most  creditable  book  on  surgical  pathology,  and  the  most  beautiful  medical 
UluitraCion  uf  the  bookmakers'  art  that  hu  ever  bees  isaucd  (torn  the  American  pr«ai." 


J 


I       Dtirck  and  Hektoen's     ^ 

I     Special    Pathologic    Histolo^ 

Atlas  and  Epitome  of  Special  Pathologic  Histology.  By  Dr.  H. 
DOrck,  of  Munich.  Edited,  with  additions,  by  Ludvig  Hektoen,  M.  D., 
Professor  of  Pathology,  Rush  Medical  College,  Chicago.  In  two  parts. 
Part  L — Circulatory.  Respiratory,  and  Gastro-intestinal  Tracts.  120 
colored  figures  on  62  plates,  and  158  pages  of  text.  Part  II. — Liver, 
Urinary  and  Sexual  Organs,  Nervous  System,  Skin,  Muscles,  and 
Bones.  123  colored  figures  on  60  plates,  and  192  pages  of  text.  Per 
part :  Cloth,  ^3.00  net.     ///  Saunders'  Hand-Atlas  Series. 

The  great  value  of  these  plates  is  that  they  represent  in  the  exact  colors  the  effect 
of  the  stains,  which  is  of  such  great  importance  for  the  differentiation  of  tissue. 
The  text  portion  of  the  book  is  admirable,  and,  while  brief,  it  is  entirely  satisfac- 
tory in  that  the  leading  facts  are  stated,  and  so  stated  that  the  reader  feels  he  has 
grasped  the  subject  extensively. 

WUUam  H.  Welch.  M.  D., 

Pr&fesior  v/  P^tholo^,  Johns  Hopkins  University.  Baltimore. 

"I  consider  Diirck's  'Atlas  of  Special  I^thologic  Histoto^.' edited  by  Helctoen,  b  vetj 
useful  boulc  for  studenis  and  others.     Tlie   plates  are  admirable." 

i       Sobotta  arid  Huber's 
Human  Histolo^^ 

Atlas  and  Epitome  of  Human  Histology.  By  pRiVAXnocENT  Da, 
J.  Sobotta,  of  Wurzburg,  Edited,  with  additions,  by  G.  Carl  Hijbek. 
M.  D.,  Professor  of  Histology  and  Embryology  in  the  University  of 
Michigan^  Ann  Arbor.  With  214  colored  figures  on  80  plates,  68 
text-illustrations,  and  248  pages  of  text.  Cloth,  ^4.50  net  In 
Saunders'  Hand-Atlas  Series, 

INCLUDING   MICROSCOPIC  ANATOMY 

The  work  combines  an  abundance  of  well-chnsen  and  most  accurmte  illustra- 
tions, with  a  concise  text,  and  in  such  a  manner  as  to  make  it  both  atJas  and  text- 
book. The  ^eal  majority  of  the  illustrations  were  made  from  bections  prepared 
from  human  tissues,  and  always  from  fresh  and  in  every  respect  normal  specimens. 
The  colored  lithographic  plateshavebeenproduced  with  the  aid  of  over  thirty  colors. 

Boston  Medical  and  Surgical  Jotmal 

"  In  color  and  proportion  Ibey  ore  characteriaed  by  gratifying  accuracy  and  lithographic 
beauty." 


I 


I 
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American  Text-Book  of  Physiology 


American  Text-Book  of  Physiolog:y.  In  two  volumes.  Edited  by 
William  H.  JIowell.  Ph.D.,  M.D.,  Professor  of  Physiology  in  the 
Johns  Hopkins  University,  Baltimore,  Md.  Two  royal  octavo  volumes 
of  about  600  pages  each,  fuliy  illustrated.  Per  volume:  Cloth,  I3.CX) 
net ;  Sheep  or  Half  Morocco,  ;f375  net 

SECOND   EDITION.  REVISED   AND   ENLARGED 

Even  in  the  shnrt  time  that  has  elapsed  since  the  first  edition  of  this  work 
there  has  been  much  progress  in  PhysioIt>gy,  and  in  this  edition  the  book  has  been 
thoroughly  revised  In  keep  pace  wiih  this  proj^ress.  The  chapter  upon  the  Cen- 
tral Nervous  System  has  been  entirely  rewritten.  A  section  on  I*hysical  Chem- 
istry forms  a  valuable  addition,  since  these  views  are  taking  a  large  part  in  current 
discussion  in  physiologic  and  medical  literature. 

Th«  M*dicAl  Newi 

"  The  work  wiU  stand  as  a  work  of  reference  on  physiolof^.  To  him  who  desires  lo  know 
the  stams  of  modem  physiology,  who  expects  lo  obtain  suggestions  as  to  runher  physiologic 
inquiry,  we  know  of  none  in  English  which  so  eminently  m^^et^  such  a  demand," 

Stewart's  Physiology 

A  Manual  of  Physiolog^y,  with  Practical  Exercises.    For  Students 

and  Practitioners.  By  G.  N.  Stewart,  M.  A.,  M.  D.,  D.  Sc,  Professor 
of  Physiology  in  the  University  of  Chicago,  Chicago.  Octavo 
volume  of  911    pages,  witli  393   text-illustrations  and  colored  plates. 

Cloth,  ^.00  net. 

JUST  ISSUED— NEW  (5th)  EDITION 


This  work  is  written  in  a  plain  and  attractive  style  that  renders  it  particularly 
suited  to  the  needs  of  students.  The  systematic  portion  is  so  treated  that  it  can 
be  used  independently  of  the  practical  exercises.  In  the  present  edition  a  con- 
siderable amount  of  new  matter  has  been  added,  especially  to  the  chapters  on 
Blood,  Digestion,  and  the  Central  Nervous  System. 

PtulAdttlplua  Medical  Journal 

"Those  familiar  with  ihc  attainments  of  Prof.  Stewart  as  an  original  investigator.  a«  a 
teacher  and  a  writer,  ceed  no  assurance  that  in  this  volume  he  has  presented  in  a  lersr.  concise, 
accurate  manocr  the  esscntiAi  aod  b«st  established  iuts  of  physiology  id  a  mob'  altrmctive 
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L    Levy  and  Klemperer's     _ 
I    Clinical  Bacteriolo^    | 

The  Elements  of  Clinical  Bacteriology.  By  Drs.  Ernst  Levy  and 
Felix  Klemferek,  of  the  University  of  Strasburg.  Translated  and 
edited  by  Augustus  A.  Eshner»  M.  D.,  Professor  of  Clinical  Medicine. 
Philadelphia  Polyclinic.  Octavo  volume  of  440  pages,  fully  illustrated. 
Cloth,  ^2.50  net. 

S.  Solis-Cohen,  M.  D., 

Professor  of  CUnUal  Meduine,  Jefferson  Medical  CclUgt,  Philadelphia. 
"  1  consider  it  an  excellent  book.     1  have  recommended  il  in  speaking  to  my  students." 

I    Lehmann,  Neumann,  and 
I    Weaver's  Bacteriology 

y  Atlas  and  Epitome  of  Bacteriology :  including  a  Text-Book  of 
Special  Bacteriologic  Diagnosis.  By  Prof.  Dr.  K.  B.  Lehmann 
and  Dr.  R.  O.  Neumann,  of  Wiirzburg.  From  the  Second  Revised  and 
Enlarged  German  Edition,  Edited,  with  additions,  by  G.  H.  Weaver. 
M.  D.,  Assistant  Professor  of  Pathology  and  Bacteriology,  Rush  Medical 
College,  Chicago.  In  two  parts.  Part  I. — 632  colored  figures  on  69 
lithographic  plates.  Part  II. — 51 1  paj^^es  of  text,  illustrated  Per  part: 
Cloth,  ^2.50  net.     In  Saunders*  Hand-Atlas  Series, 

Lewis'  Anatomy  and  Physi- 
ology for  Nurses 

Anatomy  and  Physiology  for  Nurses.     By  LeRoy  Lewis,  M.D., 

Surgeon  to  and  Lecturer  on  Anatomy  and  Physiology  for  Nurses  at 
the  Lewis  Hospital,  Bay  City,  Michigan.  i2mo  of  317  pages,  with 
146  illustrations.     Cloth,  $1.75  net. 

JUST  ISSUED  f 

The  author  has  based  the  plan  and  scope  of  his  work  on  the  methods  he  has 
employed  in  leaching  the  subjects,  and  has  made  the  text  unusually  simple  and 
clear.  The  object  was  so  to  deal  with  anatomy  and  physiology  that  the  student 
might  easily  grasp  the  primary  principles,  at  the  same  time  laying  a  broad  foun- 
dation for  wider  study.  ^ 
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Senn's  TutnQrs  s^ood  lUviwd  c^stwo 

Pathology  and  Surgical  Treatment  or  Tumoks.  By  Nicholas 
Senn,  M.  D.,  Ph.  D.,  LL.D.,  Professor  of  Surgery,  Rush  Medical  Col- 
lege, Chicago.  Handsome  octavo,  718  pages,  with  478  engravings, 
including  12  full-page  colored  plates.  Cloth,  J5.00  net;  Sheep  or  Half 
Morocco,  ^6.00  net- 

"  The  raost  exbauslivc  of  any  recent  book  in  English  on  this  aabJecL  It  15  well  illus- 
tnted.  and  wiJl  doubtless  remain  as  Che  principal  monograph  on  the  subjecl  in  our 
language  for  some  years." —/uwrwa/  0/  the  Amuruam  M*dual  AstotiaHon. 

Stoney's  Bacteriolo^  and  Technic  ^%]'^„ 

Bacter!otxx;y  and  Surgical  Technic  for  Nurses.  By  Emily  M.  A. 
Stoney,  Superintendent,  Carney  Hospital,  Mass.  Revised  by  Frederic 
R.  Griffith,  M.D.,  Surgeon,  N.  Y.     i2mo  of  278  pages,  illustrated. 

1 1.50  DCt. 

"These  subjects  are  treated  most  accurately  and  up  to  date,  without  the  superfluoni 
reading  which  is  !m>  often  employed.  .  .  .  Nuracs  will  find  thu  book  of  the  greatest  ralue." 
—  TV  TVained  Nurtt  and  HosfUal  /Ctvirw, 

Clarkson*s  Histolo^ 

A  Text- Book  of  Histology.  Descriptive  and  Practical.  For  the 
Use  of  Students,  By  Arthur  Clarkson,  M.  B.,  C.  M.  Edin.,  formerly 
Demonstrator  of  Physiology  in  the  Owen's  College,  Manchester,  Eng- 
land- Octavo,  554  pages,  with  174  colored  original  illustrations. 
Cloth,  I4.00  net. 

"The  volume  in  the  hands  of  students  will  greatly  aid  in  the  comprehension  of  a  sub- 
ject which  in  most  instance^i  is  found  rather  difllicuU.  .  .  .  The  work  must  be  considered 
a  valuable  addition  to  the  list  of  available  text-books,  and  b  to  be  highly  recommended." 
— AVtti  Vor/k  Midical  Journal. 

Gorham's  Bacteriolo^ 

A  Laboratory  CoimsK  in  Bacteriology.  For  the  Use  of  Medical, 
Agricultural,  and  Industrial  Students.  By  Frederic  P.  Gorham,  A.  M., 
Associate  Professor  of  Biology  in  Brown  University,  Providence,  R.  I., 
etc.     iimo  of  193  pages,  with  97  illustrations.     Cloth,  %\.2^  net. 

"  One  of  the  best  students'  laboratory  ^ides  to  thr  study  of  bacteriology  on  the  mar- 
ket. .  .  .  The  technic  is  thoroughly  modem  and  amply  sufficient  for  all  practical  pur- 
poses."— AiiuricttH  Jemmai  0/  ik*  Mtdical  SiUnces, 

Raymond's  Physiolo^  NeriTd'T^'S^n 

Human  Physiology.  By  Joseph  H  Raymond,  A.  M.,  M.  D.,  Pro- 
fessor of  Physiology  and  Hygiene,  l^ng  Island  College  Hospital,  New 
York.     Octavo  of  685  pages,  with  444  illustrations.     Cloth,  13.50  net. 

"  The  book  is  well  gotten  up  and  well  printed,  and  may  be  regarded  as  11  trustworthy 
guide  for  the  student  and  a  uAcful  work  of  reference  for  the  general  practitioDcr.  The 
illustrations  are  numerous  and  are  well  eiecuied." — T%t  Lamtel,  London. 
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Ball's    Bacteriology  RecmUy  luued-rtfth  Cdhion.  Rcvked 

KssENTiALS  OF  BACTERIOLOGY  :  being  a  concise  and  systematic  intro- 
duction to  the  Study  of  Micro-organisms.  By  M.  V.  Ball,  M.  D.,  L*te 
Bacteriologist  to  St.  Agnes'  Hospital,  Philadelphia.  lamo  of  236  pages, 
with  96  illustrations,  some  in  colors,  and  5  plates.  Cloth,  |i.oo  net.  In 
Saunders*  Question- Compend  Series. 

"  The  lechnic  with  reg&rd  to  media,  staining,  mountiog,  and  the  like  is  culled  from  ike 
latest  authoritative  worlu.' — Tke  Medical  Ttmts.  New  York. 

Budgett's  Physiolo^  Nei'ud)  tSLn 

Essentials  of  Physiology.  Prepared  especially  for  Students  of  Medi- 
cine, and  arranged  with  questions  following  each  chapter.  By  Sidniv 
P.  BuDGETT,  M.  D.,  Professor  of  Physiology,  Medical  Department  ^ 
Washington  University,  St.  Louis.  i6mo  volume  of  233  pages,  finely 
illustrated  with  many  full-page  half-tones.  Cloth,  |i.oo  net.  In 
Saunders^  Question- Compend  Series. 

"  Coataiiu  the  esaentiat  (acts  of  physiology  presented  in  a  clear  and  coocise  manoer."— 
Phiiadeifhia  Medical  Journal. 

Leroy's  Histolo^  New*^)"E4iitioo 

Essentials  of  Histology.     By  Louis  Leroy,  M.  D.,   Professor  of 

Histology  and  Pathology,  Vanderbilt  University,  Nashville,  TennesMe. 

tamo,  265  pages,  with  92  original  illustrations.     Cloth,  |i.oo  net.     /« 

Saunders*  Question- Compend  Series. 

"  The  work  in  its  present  form  stands  as  a  model  of  what  a  student's  aid  should  be;  and 
we  unhesitatingly  say  that  the  practitioner  as  well  would  find  a  glance  through  the  book 
of  lasting  benefit.'— 7^*  Mtdtcal  World,  Philadelphia. 

Basttn's  Botany 

Laboratory  Exeroses  in  Botany.      By  the  late  £i>son  S.  BastikJ 
M.  A.     Octavo,  536  pages,  with  87  plates.     Cloth,  $2.00  net. 

Barton  and  Wells'  Medical  Thesaurus 

A  Thesaurus  of  Medical  Words  and  Phrases.     By  Wilfred  M«1 
Barton,  M.  D.,  Assistant  Professor  of  Materia  Medica  and  Therapeutics, 
and  Walter  A.  Wells,  M.D.,  Demonstrator  of  Laryngology,  Georgetown 
University,   Washington,   D.  C.     i2mo,  534  pages.     Flexible   leather, 
f  3.50  net ;  thumb  indexed,  $300  net. 

American  Pocket  Dictionary  '"''^cc'^.iSS^'' 

Borland's  Pocket  Medical  Dictionary.  Edited  by  W.  A.  New- 
man DoRLAND,  M.  D.,  Assistant  Obstetrician  to  the  Hospital  of  the 
University  of  Pennsylvania.  Containing  the  pronunciation  and  defini- 
tion of  the  principal  words  used  in  medicine  and  kindred  sciences,  with 
64  extensive  tables.  Handsomely  bound  in  flexible  leather,  with  gold 
^gcSr  |i.oo  net;  with  patent  thumb  Index,  fx.25  net. 

"  I  can  recommend  it  to  our  studrnls  without  reserve." — j.  H.  HOLLAND,  U.  D.,  < 
yM«  JtgKTten  M*dual  Colligt,  PhUadelphia. 
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